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Opening Session – Presentation  
 
Thoughts from a Fusarium Rookie 
 
Dan Anderson1 
1. Anderson Wheat Farms, Haxtun, CO 
Corresponding Author: Dan Anderson, dla.awf@pctelcom.coop 
 
Abstract 
Anderson Wheat Farms operates out of Haxtun, Colorado, providing high quality wheat seed to the 
state, region, and country. We are a cer�fied seed dealer of PlainsGold wheat varie�es developed by 
Colorado State University, as well as Kansas Wheat Alliance developed by Kansas State University, and 
Westbred. There are many factors that limit grain yield and profitability of wheat in Colorado. On a 
yearly basis, drought stress is more of a certainty than not, and stripe rust, other rust pathogens, and 
viruses vectored by wheat curl mite, can all have economic impact if not properly managed through 
resistant varie�es or chemical and cultural control. Over the last decade, the wheat stem sawfly, has 
taken a toll on Colorado wheat, causing significant yield loss, lodging, and loss of residue for soil and 
water reten�on in our no-�ll system, with greater than $50 million in economic impact annually. The 
adop�on of semi-solid stemmed varie�es made available through significant breeding efforts by public 
and private programs has helped to reduce its impact. But with every year comes something new and in 
2023, that something was Fusarium head blight. Colorado plants just north of 2 million acres of wheat 
per year, with approximately a third of those acres sown directly into corn residue. However, with a 
statewide average precipita�on of less than 6 inches during the cri�cal months of May-July, the 
environment is rarely conducive to FHB development. Near record rainfall was recorded during the late 
spring of 2023, with the 8th wetest June on record providing ideal condi�ons for the development of 
scab during flowering. This wet patern con�nued into the summer, extending the growing season, and 
providing more �me for scab development. However, it was not un�l post-harvest that the impacts of 
scab became most apparent, both at the elevator and from a seed cer�fica�on perspec�ve, where FHB 
impacted seed germina�on and required addi�onal condi�oning and seed treatment to improve seed 
viability. A season like this le� this wheat grower with more ques�ons than answers. This presenta�on 
will lay out my experience with scab, lessons learned, and ques�ons to be answered.  
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Opening Session – Presentation  
 
Impact of Fusarium and DON on the Global Import/Export of Wheat 
 
Dalton Henry1 
1. Vice President of Policy, U.S. Wheat Associates, Arlington, VA 
Corresponding Author: Dalton Henry, dhenry@uswheat.org 
 
Abstract 
The presence of DON is widely regulated by import and human health agencies around the world – who 
are o�en under pressure from domes�c groups including consumer advocates and farm organiza�ons to 
implement strict limits and, in some cases, regular tes�ng. As an organiza�on working to promote U.S. 
grown wheat, U.S. Wheat Associates regularly interfaces with regulators and impor�ng country industry 
groups to help facilitate trade and minimize the impact of DON regula�ons on global wheat trade. 
Coordina�on across the U.S. wheat industry is a must to minimize those impacts and to protect free and 
open flow of wheat from producers to consumers.  
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Transformational Science (TSCI) – Presentation 
 
The Impact of Environment, Host Genotype and Fusarium Head Blight on Microbiome 
Assembly in a Barley Breeding Population 
 
Barney A. Geddes1, Brooke R. Benz2, Joan Acaso1, Abbeah R. Navasca2, Diel D. Velasco2, Eglan�na Lopez 
Echartea1, Briana Whitaker3, and Thomas Baldwin2 
1. North Dakota State University, Department of Plant Pathology, Fargo, ND 
2. North Dakota State University, Department of Microbiology, Fargo, ND 
3. USDA, Agricultural Research Service, National Center for Agricultural Utilization Research, Mycotoxin 

Prevention and Applied Microbiology Research Unit, Peoria, IL 
Corresponding Authors: Barney Geddes, barney.geddes@ndsu.edu; Briana Whitaker, 
briana.whitaker@usda.gov 
 
Abstract 
There is an emerging understanding that plants under bio�c stress can recruit beneficial microbes in a 
“cry for help” strategy, and there is ample evidence that this is occurring in the case of Fusarium. 
Disease-recruited microbes in response to Fusarium pathogens have proven to be readily culturable and 
potent biocontrol agents in laboratory and greenhouse se�ngs. Unfortunately, despite decades of work 
towards deploying microbes as biocontrol agents, promising laboratory and greenhouse studies have 
proven to be difficult to translate to the field. To overcome this limita�on, we were funded by the 
USWBSI Transforma�onal Sciences program to iden�fy biocontrol microbes that are both recruited 
under Fusarium head blight (FHB) bio�c stress and responsive to plant genotype. Our long-term goal is 
to use an understanding of these ecological interac�ons to develop an integrated management strategy 
leveraging microbiome-based approaches to reduce FHB on barley. The ability to breed crops with an 
elite ability to recruit protec�ve microbes or microbial communi�es against FHB would be transforma�ve 
to modern agriculture and could act in synergy with the applica�on of biocontrols. In this presenta�on, I 
will discuss results from our massive amplicon-based metagenomic profiling of barley heads under 
disease pressure from FHB. This study involved sampling approximately 800 diseased and non-diseased 
barley heads from ten random training popula�on genotypes grown in four nurseries across the U.S. 
(Fargo ND, Ithaca NY, St. Paul MN and Kimberly ID). Amplicon sequencing profiles of 16S and ITS were 
used to assess the bacterial and fungal microbial community composi�ons, respec�vely. Overall, our 
data indicates a significant response of the microbial communi�es to both barley genotype and disease, 
suppor�ng our ini�al ra�onal. It also enables us to establish the core microbiome from barley heads in 
diseased and non-diseased states. I will also discuss ongoing and future direc�ons of our research to: 1) 
design metagenomics-informed, screenable markers for breeding to improve FHB-antagonis�c 
microbiome associa�ons, 2) establish a diseased and non-diseased barley spike microbiome culture 
collec�on, and 3) develop experimentally-tractable Synthe�c Communi�es to unravel the rules of barley 
microbiome assembly in the context of disease. 
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Transformational Science (TSCI) – Presentation 
 
Rover Based Field Detection and Quantification of FHB 
 
Cory D. Hirsch1 
1. University of Minnesota, Department of Plant Pathology, Saint Paul, MN 
Corresponding Author: Corey Hirsch, cdhirsch@umn.edu 
 
Abstract 
Fusarium head blight (FHB) is an economically impac�ul fungal pathogen of wheat. Although there are 
numerous strategies to limit the effects of this disease, one important approach is to develop resistant 
varie�es. Currently, phenotyping is a limi�ng step in the development of resistant varie�es as it requires 
a lot of labor, �me, is not standardized across the community, and is subjec�ve. We aimed to reduce 
these phenotyping limita�ons by using a novel, high-throughput phenotyping rover to capture in-field 
RGB images of inoculated wheat spikes. The images acquired from the rover were manually annotated 
for spikes and regions of pathogen symptoms on the spikes and used in deep neural networks to locate 
and quan�fy FHB on each spike. The inference models were validated at the spike and plot level with 
manual disease scores from five raters on images and in the field. The combina�on of the rover and 
image models exceeded conven�onal ra�ng methods and can reduce many of the limita�ons of 
conven�onal FHB phenotyping. The plot level scores from in-field raters and from image-based 
inferences were strongly correlated. Likewise, a high correla�on was found in comparisons of image-
based individual spike FHB disease scores from the models and raters. The developed image-based FHB 
disease detec�on methods con�nued to perform well across environments, image types, and levels of 
disease. These results show that current field FHB phenotyping methods can be improved through 
precise and efficient quan�fica�on of disease symptoms on a plot and individual spike throughout the 
growing season.  
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Transformational Science (TSCI) – Presentation 
 
Haplotype-Informed Associations of FHB Resistance in U.S. Wheat Breeding 
 
Katherine W. Jordan1, Lawrence Tidakbi2, Jessica Rupp2, and Guihua Bai1 
1. USDA-ARS, Manhattan, KS 
2. Kansas State University, Department of Plant Pathology, Manhattan, KS 
Corresponding Author: Katherine W. Jordan, katherine.jordan@usda.gov 
 
Abstract 
In conjunc�on with wheat breeders from the Great Plains and Eastern regions of the United States, we 
have assembled an associa�on mapping panel of ~290 well-adapted cul�vars and advanced breeding 
lines. This panel consists of mostly winter wheat varie�es (both hard and so�), but also includes some 
spring and synthe�c varie�es. We sequenced this panel to ~15x coverage with wheat exome capture and 
used the genomic data to construct a wheat prac�cal haplotype graph (PHG) represen�ng the diversity 
in the panel. More than 1 million high quality segrega�ng variants (MAF > 1%) were iden�fied and 
combined with two years of field data measured at the Kansas State University FHB research sta�on in 
Manhatan, Kansas. Ini�al GWAS results reveal ~50 significant associa�ons across many wheat 
chromosomes for FHB severity, area under the disease progressive curve (AUDPC), FDK, and DON 
accumula�on, including both known and novel regions for winter wheat associa�ons. Valida�on of these 
associa�ons is underway while we are wai�ng for a third year of field phenotypes. Descrip�ons of the 
panel makeup, PHG database construc�on, ini�al results, and how we as a community can use this data 
will be presented.  
 
 
  



 

2023 Na�onal FHB Forum Proceedings  Page | 8 

Transformational Science (TSCI) – Presentation 
 
Marker-Free Transfer of Fhb7 to Barley 
 
Wanlong Li1 
1. South Dakota State University, Brookings, SD 
Corresponding Author: Wanlong Li, Wanlong.li@sdstate.edu 
 
Abstract 
Scab is a devasta�ng disease in wheat and barley. Significant progress has been made in understanding 
and improving host resistance in wheat with molecular cloning of the major QTL Fhb1 and Fhb7; 
however, similar research with barley has lagged due to the lack of highly resistant genotypes, which 
makes it difficult to effec�vely control FHB and DON contamina�on. Supported by the USWBSI-TSCI 
program, we are developing marker-free transfer of Fhb7, encoding a glutathione S-transferase 
func�oning in the detoxifica�on of mycotoxins including DON, to barley via CRISPR-mediated targeted 
gene inser�on. We first developed an all-in-one construct including the CRISPR/Cas9, sgRNA targe�ng 
the mlo locus, and Fhb7 donor DNA and transformed into 'Golden Promise' by Agrobacterium media�on, 
which produced 39 transgenic plants. Detached leaf assay showed Fhb7 func�on in resistance to 
Fusarium graminearum, but no targeted inser�ons were detected in the T1 popula�ons possibly due to 
low copy number of the donor DNA. Subsequently, we use chemically modified Fhb7 donor DNA and a 
CRISPR–Cas9 construct targe�ng the mlo locus to transform the immature embryos of the elite two-
rowed mal�ng barley cul�var 'Excelsior Gold.' From about 300 T0 plants, we iden�fied 13 Fhb7 inser�on 
lines. The Fhb7 gene transmited to the T1 genera�on. We are in the process of characterizing the 
inser�on junc�ons. I will discuss the detailed progress of this TSCI project in my presenta�on. 
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Transformational Science (TSCI) – Presentation 
 
Graphene Quantum Dots (GQDs) Mediated dsRNA Delivery for the Control of 
Fusarium Head Blight in Wheat 
 
Binod Gyawali1, Rahim Rahimi2, and Mohsen Mohammadi1 
1. Department of Agronomy, Purdue University, West Lafayette, IN 
2. School of Materials Engineering, Purdue University, West Lafayette, IN 
Corresponding Author: Mohsen Mohammadi, mohamm20@purdue.edu 
 
Abstract 
Spray-induced gene silencing (SIGS) is a non-transgenic RNA interference (RNAi) strategy used for the 
control of various pathogen and pest. Fusarium graminearum (Fg) is the pathogen responsible for 
Fusarium head blight (FHB) disease in wheat. We aimed to silence those genes of Fg which are 
responsible for the growth and pathogenicity. Given the instability of RNA molecules, the hypothesis is 
that the nanopar�cle coa�ng offers stability and slow-release to double-stranded RNA (dsRNA) 
molecules with con�nuous inhibi�on of Fg during the cri�cal �me of infec�on. In this study, we designed 
na�ve and synthe�c dsRNA against MGV1 and RAS1, and six other genes, by using pssRNAit web server. 
The synthe�zed segments were cloned into L4440 double-T7 plasmid and in-vivo dsRNAs were produced 
in the RNAase III-deficient E. coli strain HT115(DE3). GQDs were synthesized by pyrolyzing citric acid and 
they were surface func�onalized by using branched polyethyleneimine (bPEI). A�er dsRNA-GQDs 
interac�on tes�ng by gel shi�ing assay, we observed that the presence of dsRAS1 and dsMGV1 in PDA 
media can restrict the growth of Fg on plate. In addi�on, dsMGV1+GQDs and dsRAS1+GQDs spray 
restricted infec�on symptoms on intact wheat spikes, evidenced by reduc�ons in percent symptoma�c 
spikelets (PSS). For example, H2O+GQDs control resulted in up to 100% PSS while synthe�c 
dsMGV1+GQDs reduced PSS to ~35%. In a very recent study, involving dsRNA against eight genes 
including MGV1, RAS1, COT1, FgPp2A (responsible for growth and development of Fg), CAK1, TRI5, 
GMK1, and YCK1 (responsible for pathogenicity of Fg), we observed that when all dsRNAs are mixed and 
applied on spike as cocktail post-inocula�on, the PSS significantly reduced to 20% compared with 100% 
PSS observed in control.  
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FHB Management (MGMT) – Paper 
 
Evaluation of Organic Fungicides Plus Cultivar Resistance to Reduce FHB and DON 
Infection of Barley in Vermont 
 
Heather Darby 1 and Hillary Emick 1 
1. University of Vermont State and Agricultural College, Burlington, VT  
Corresponding Author: Heather Darby, heather.darby@uvm.edu 
 
Abstract 
Public interest in sourcing local foods has extended into beverages leading to a rapid expansion of the 
northeast mal�ng industry. This has provided farmers with new market opportuni�es and many of these 
markets are interested in purchasing cer�fied organic barley. However, all farmers are struggling to 
produce barley that is not infected with Fusarium head blight (FHB) and the mycotoxin deoxynivalenol 
(DON). Hence integrated management strategies are essen�al for managing yield and quality losses from 
FHB. Most farmers in New England have experienced significant crop loss from FHB and some farmers 
have already stopped growing barley. At present, few farmers are specifically selec�ng varie�es for 
resistance to FHB and even fewer are combining host resistance with fungicide applica�ons. There has 
been litle to no research conducted to evaluate organic approved fungicides. In Vermont during 2021 
we observed the disease and yield impact of cul�var suscep�bility, inocula�on with Fusarium 
graminearum, and treatment with fungicides (organic and conven�onal comparison) at two �mings. 
Overall, the growing season was dry and hot leading to low DON concentra�ons in the trial. The organic 
fungicides were not as effec�ve as the conven�onal fungicide applied at heading. However, all fungicides 
provided enhanced yields compared to the Fusarium inoculated control. Addi�onal research should be 
conducted to assess the efficacy of mul�ple applica�ons of copper-based fungicide on FHB.  
 
Objec�ve 
To evaluate the individual and interac�ve effects of moderately resistant cul�vars and applica�on �mings 
of two organic fungicides on barley yield and the integrated management of Fusarium head blight (FHB) 
and deoxynivalenol (DON) in Vermont. 
 
Introduc�on 
Public interest in sourcing local foods has extended into beverages leading to a rapid expansion of the 
northeast mal�ng industry. This has provided farmers with new market opportuni�es and many of these 
markets are interested in purchasing cer�fied organic barley. However, all farmers are struggling to 
produce barley that is not infected with FHB and DON. Hence integrated management strategies are 
essen�al for managing yield and quality losses from FHB. Most farmers in New England have 
experienced significant crop loss from FHB and some farmers have already stopped growing barley. At 
present, few farmers are specifically selec�ng varie�es for resistance to FHB and even fewer are 
combining host resistance with fungicide applica�ons. There has been litle to no research conducted to 
evaluate organic approved fungicides. Other regions have shown that the use of a well-�med fungicide is 
an important management tool when suppressing FHB in barley produc�on. In Vermont during 2012 we 
observed the disease and yield impact of cul�var suscep�bility, inocula�on with Fusarium graminearum, 
and treatment with fungicides (organic and conven�onal comparison) at two applica�on �mes.  
 
Materials and Methods 
The trial was conducted in Alburgh, VT during 2021. The soil type was a Benson silt loam soil. The plot 
size was 5 x 20 � including seven rows with 7-in spacing. Plan�ng occurred April 9, 2021. Main plots 
were sown with barley at 125 lb ac-1 with a Great Plains grain drill (Salinas, KS). The experiment was set 
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up as a completely randomized block design with a split-plot arrangement, with cul�var as the main plot 
and the fungicide treatments as subplots, randomized in four replicated blocks. The two spring barley 
varie�es were ‘Robust’ (suscep�ble to FHB) and ‘ND Genesis’ (moderately resistant to FHB). Fungicide 
treatments are shown in Table 1. The first fungicide applica�on (with surfactant at 0.125% V/V) was 
applied at heading (Feekes growth stage, FGS 10.1) on June 16, 2021. A�er the fungicide had dried, plots 
were spray-inoculated with a conidial suspension of F. graminearum (40,000 conidia/ ml) to augment the 
development of FHB. The ChampION fungicide was the only treatment applied at heading, 4 days a�er 
heading, and both at heading and 4 days a�er heading. Fungicide and F. graminearum treatments were 
applied with a CO2 backpack sprayer with paired TJ-60 8003vs nozzles mounted at an angle (30o from 
horizontal) forward and backward, 20-in. apart, pressurized at 30 psi, and calibrated to deliver 20 gal/A. 
Grain was harvested using an Almaco plot combine (Nevada, IA). Grain moisture, plot yield, and test 
weight were recorded. Yield and test weight were adjusted to bushels ac-1 at 13.5% moisture. 
Deoxynivalenol (DON) concentra�ons were analyzed at the McMaster lab at Virginia Tech on an Agilent 
6890N / 5975 GC/MS. This method has a detec�on range of from 0.025ppm – 15ppm. Treatment means 
were calculated, subjected to analysis of variance, and separated by Fisher’s protected LSD test (P = 
0.05). 
 
Results and Discussion 
 
Interactions 
There were no variety by fungicide treatment interac�ons indica�ng that the treatments responded 
similarly regardless of the variety (Table 2).  
 
The growing season was warmer than normal overall, although the month of July was cooler than 
average. There was a surplus of growing degree days early in the season and a deficit in July, resul�ng in 
a season just 36 growing degree days above normal. There was 4.99 inches less precipita�on than 
normal. Low precipita�on through heading and flowering stages resulted in low fusarium infec�on rates 
and DON concentra�ons in 2021. 
 
All treatments and �mings, including the control and the Fusarium inoculated plots, had average DON 
concentra�ons below the 1 ppm threshold recommended by the FDA. However, there were significant 
differences observed in DON concentra�ons for the fungicide treatments (Table 2). The highest DON 
concentra�ons in the trial were in the Regalia treatment (applied at heading) at 0.925 ppm but 
sta�s�cally similar to the ChampION treatments applied at heading or 4 days a�er heading. ChampIon 
applied at heading and again 4 days a�er heading had lower DON concentra�ons compared to the other 
organic fungicide treatments. The conven�onal fungicide, Miravis had the lowest DON concentra�on of 
all fungicide treatments (0.290 ppm) and was the only treatment sta�s�cally lower than the Fusarium 
inoculated control. Interes�ngly, the applica�on of fungicides increased yields significantly compared to 
the Fusarium inoculated control (Table 4). 
 
The barley varie�es performed similarly in DON concentra�ons but differed significantly in yield and test 
weight (Table 2). The DON concentra�ons for both varie�es were below the 1 ppm recommenda�on.  
 
Overall, the growing season was dry and hot leading to low DON concentra�ons in the trial. The organic 
fungicides were not as effec�ve as the conven�onal fungicide applied at heading. However, all fungicides 
provided enhanced yields compared to the Fusarium inoculated control. Addi�onal research should be 
conducted to assess the efficacy of mul�ple applica�ons of copper-based fungicide on FHB.  
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Table 1. Fungicide treatments, ac�ve ingredients and rates applied.  

Fungicide 
treatments 

Company Fungicide ac�ve ingredient Applica�on  
rates 

Control   Water 
Fusarium 
graminearum 

  
40,000 spores/ml 

Champ ION++ NuFarm Copper hydroxide 1.5 lbs ac-1 
Regalia 
Biofungicide 

Morrone Bio 
Innova�ons 

Reynoutria sachalinensis 2.0 qts ac-1 

Miravis  Syngenta Pydiflumetofen 13.7 fl oz ac-1 
 
 
Table 2. Sta�s�cal significance of treatment effects on DON, test weight, and yield of barley. 

Source of varia�on DON Test weight Yield 
      
Variety  NS† *** *** 
Fungicide + �ming *** NS * 
Variety x fungicide + �ming NS *** NS 
    

†sta�s�cal significance - ***, p=0.001; **, p= 0.01; *, p= 0.05; NS, not significant. 
 
 
Table 3. Main effect of cul�var on deoxynivalenol (DON) concentra�on, test weight, and grain yield at 
Alburgh, VT, 2021.  

Variety DON Test weight Yield 

  ppm lb bu-1 bu ac-1 
ND Genesis (moderately resistant) 0.670 47.8 89.8 
Robust (suscep�ble) 0.570 44.0 76.5 
LSD (p=0.05) † NS‡ 1.28 5.26 

†LSD; least significant difference at p-value = 0.05.  
‡NS; no significant difference. 
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Table 4. Main effect of fungicide + �ming on deoxynivalenol (DON) contamina�on and grain yield at 
Alburgh, VT, 2021. 

Fungicide + �ming DON Test weight Yield 

  ppm lb bu-1 bu ac-1 
Non-sprayed, non-inoculated control 0.165 45.4 80.3 
Inoculated FGS at heading  0.650 44.4 72.4 
ChampION at heading 0.800 47.4 83.8 
ChampION 4 days a�er heading 0.895 44.7 85.5 
ChampION at heading plus 4 days a�er heading 0.630 45.6 83.8 
Regalia Biofungicide at heading 0.925 45.7 90.3 
Miravis at heading 0.290 46.5 86.0 
LSD (p=0.05) † 0.190 NS‡ 9.83 

†LSD; least significant difference at p-value = 0.05.  
‡NS; no significant difference. 
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FHB Management (MGMT) – Presentation 
 
Update on National Efforts to Improve FHB Forecasting with Model Ensembles and 
Machine Learning Techniques 
 
Erick De Wolf 1 
1. Kansas State University, Department of Plant Pathology, Manhattan, KS  
Corresponding Author: Erick De Wolf, dewolf1@ksu.edu 
 
Abstract 
The mul�state effort to forecast epidemics of Fusarium head blight (FHB) in wheat and barley has made 
considerable progress in recent years. Collabora�ve work between the disease FHB Management 
Coordinated Project has expanded the dataset available for modeling to more than 1,200 cases. These 
observa�ons incorporate informa�on from addi�onal produc�on environments. This informa�on has 
enabled the U.S. to expand the forecas�ng system for use in addi�onal states, and account for advances 
in variety development. The con�nued effort to gather new observa�ons also helps ensure the long-
term stability of the forecas�ng models within changing climates. Recent advances in model 
development focused on building ensembles of predic�ve models based on Random Forests (RF) 
machine learning algorithms. This approach resulted in models that improved the overall predic�on 
accuracy of the forecasts rela�ve to previous genera�ons of modeling. The RF modeling approach 
yielded mul�ple models with sensi�vity and specificity greater than 80%. The RF models also provided 
useful insights into weather paterns that favor the development of FHB epidemics. For example, 
variables describing the stability of temperature prior to crop anthesis were the most commonly 
selected by the RF models. Consistent with previous modeling efforts, variables summarizing 
atmospheric moisture, such as rela�ve humidity, dew point and vapor pressure deficit, were iden�fied as 
cri�cal predictors of FHB epidemics. There were also important advances with the web-based tools used 
to deploy the forecas�ng models including features that beter display regional commentary of disease 
specialists along with the maps of disease risk. Features that enable users to visualize local weather 
condi�ons and trends in the disease risk will be available for the 2024 growing season. Recent user 
surveys of the forecas�ng system helped document the value of the informa�on to small grain producers 
in the United States. These surveys indicated that 89% of the users thought that the informa�on 
improved the profitability of their farm. Users reported that the forecas�ng system helped them avoid 
unnecessary fungicide applica�ons and es�mated that the value of the informa�on exceeded $70 million 
annually. 
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FHB Management (MGMT) – Poster 
 
Screening for FHB-Resistance in Barley Lines Adaptable for South Dakota 
 
Tasneem Fathima 1, Tapish Pawar 1, Sunish K. Sehgal 1, Christopher Graham 1, Jose L. Gonzalez-Hernandez 

1, Shaukat Ali 1, Shyam Solanki 1 and Gazala Ameen 1 
1. Department of Agronomy, Horticulture & Plant Science, South Dakota State University, Brookings, SD 
Corresponding Author: Gazala Ameen, Gazala.Ameen@sdstate.edu 
 
Abstract 
Fusarium Head Blight (FHB) is a globally destruc�ve disease that affects small grains, causing significant 
yield and quality losses. South Dakota ranks as the 12th barley-producing state in the US. FHB is one of 
the major diseases that have significantly reduced barley produc�on in the Midwestern United States. 
However, the recent reports of the Brewers Associa�on suggest a six percent dollar growth in the market 
share of cra� beer, which has escalated the demand for barley within the brewing industry. This shi� has 
placed significant emphasis on developing FHB-resistant barley cul�vars with reduced accumula�on of 
mycotoxins, to meet the stringent requirements of the brewing industry. In this comprehensive study, a 
set of 29 spring barley genotypes, sourced from public and private breeding programs across the United 
States, underwent screening for FHB resistance. A compara�ve analysis of key factors, including disease 
severity, Fusarium Damaged Kernels, and accumula�on of mycotoxin content, was conducted across 
these diverse barley genotypes in two consecu�ve years, 2022 and 2023. This research revealed 
substan�al variability in disease severity and mycotoxin content. Most genotypes exhibited a posi�ve 
correla�on between the causal fungal pathogen, Fusarium graminearum incidence, and the 
accumula�on of mycotoxins, par�cularly deoxynivalenol. Specifically, sta�s�cal tests indicated that the 
genotype factor significantly influenced disease severity, DON, NIV, FDK, and mycotoxin accumula�on in 
both years. Notably, in both years of field tes�ng 'S2M190' consistently displayed moderate resistance 
with lower disease severity, fewer FDK, and minimal mycotoxin content. Several other genotypes 
exhibited low DON levels in either 2022 or 2023. Further, the results can be validated through 
greenhouse and mul�-loca�on trials for effec�ve disease screening. These findings provide valuable 
insights into genotype performance, with implica�ons for breeding and crop management strategies to 
mi�gate FHB's impact on barley produc�on. The iden�fied superior cul�vars, when integrated into 
appropriate crop rota�on prac�ces, hold the poten�al to significantly contribute to Fusarium head blight 
(FHB) management.  
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FHB Management (MGMT) – Poster 
 
2022 and 2023 Hard Red Spring Wheat Uniform Fungicide Trials (UFT) in North Dakota 
 
Bryan Hansen 1, Jessica Halvorson 1, Scot Meyer 1, Venkata Chapara 2, Larissa Jennings 2, Amanda Arens 2, 
and Andrew Friskop 1 
1. Department of Plant Pathology, North Dakota State University, Fargo, ND  
2. Langdon Research and Extension Center, North Dakota State University, Langdon, ND  
Corresponding Author: Andrew Friskop, andrew.j.friskop@ndsu.edu 
 
Abstract 
Fungicide applica�ons are a vital component for the integrated management of Fusarium head blight 
(FHB) on hard red spring wheat (HRSW) in North Dakota (ND). Upda�ng fungicide data pertaining to FHB 
efficacy and agronomic response is needed to address the needs of HRSW growers and ag professionals 
in ND. Four HRSW UFT were conducted to compare the �ming and efficacy of fungicide premixes on 
reducing FHB, reducing deoxynivalenol (DON), protec�ng yield, and protec�ng test weight. Research 
sites were established at the Langdon Research and Extension Center (Langdon; mist irrigated) and 
North Dakota State University (Fargo; dryland). Field experiments were conducted in a randomized 
complete block design with four replica�ons. All plots were sown with a suscep�ble HRSW cul�var that 
was also grown on wide acreage in ND. Treatments evaluated included a non-treated control (NTC), 
Prosaro (prothioconazole + tebuconazole), Caramba (metconazole), Miravis Ace (propiconazole + 
pydiflumetofen), Prosaro Pro (prothioconazole + tebuconazole + fluopyram), Sphaerex (metconazole + 
prothioconazole), and Folicur (tebuconazole). Fungicide �mings included Feekes 10.51 (early-anthesis), 
and 3 to 7 days a�er Feekes 10.51, or sequen�al applica�ons of both �mings. Three of the four HRSW 
trials developed moderate to high levels of disease and data was combined for analysis. Prior to analysis, 
FHB and DON suppression values were developed (percent reduc�on to NTC) and yield and test weight 
response values were developed (percent response compared to NTC). A very high level of FHB (74 to 
97%) and DON (52 to 85%) suppression was achieved with the fungicide treatments. Sequen�al 
applica�ons tended to provide the greatest reduc�on in both FHB and DON. However, some single 
applica�on treatments were similar to sequen�al applica�ons sugges�ng growers can rely on one well-
�med fungicide. All fungicides protected both yield and test weight. The two recently labeled fungicide 
premixes of Prosaro Pro and Sphaerex at either early-anthesis or 3 to 7 days a�er early-anthesis provided 
similar to some�mes beter control than the industry standards of Prosaro, Caramba, and Miravis Ace. 
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FHB Management (MGMT) – Poster 
 
Elevated CO2 Can Worsen Fusarium Head Blight Disease Severity in Wheat but the 
Fhb1 QTL Provides Reliable Disease Resistance 
 
William T. Hay 1, James A. Anderson 2, David F. Garvin 2, Susan P. McCormick 1, Mark Busman 1, and 
Martha M. Vaughan 1 
1. USDA, Agricultural Research Service, National Center for Agricultural Utilization Research, Mycotoxin 

Prevention and Applied Microbiology Unit, 1815 N, University Street, Peoria, IL  
2. Department of Agronomy & Plant Genetics, University of Minnesota, St. Paul, MN  
Corresponding Author: William Hay, william.hay@usda.gov 
 
Abstract 
Fusarium head blight (FHB) is a destruc�ve fungal disease of wheat that causes significant economic loss 
due to lower yields and the contamina�on of grain with fungal toxins (mycotoxins), par�cularly 
deoxynivalenol (DON). FHB disease spread and mycotoxin contamina�on has been shown to worsen at 
elevated CO2, therefore, it is important to iden�fy climate-resilient FHB resistance. This work evaluates 
whether wheat with the Fhb1 quan�ta�ve trait locus (QTL), the most widely deployed FHB resistance 
locus in wheat breeding programs, provides reliable disease resistance at elevated CO2. Near-isogenic 
wheat lines (NILs) derived from either a highly FHB suscep�ble or a more FHB resistant gene�c 
background, with or without the Fhb1 QTL, were grown in growth chambers at ambient (400 ppm) and 
elevated (1000 ppm) CO2 condi�ons. Wheat was inoculated with Fusarium graminearum and evaluated 
for FHB severity. At elevated CO2, the NILs derived from more FHB-resistant wheat had increased disease 
spread, greater pathogen biomass and mycotoxin contamina�on, and lower rates of DON detoxifica�on; 
this was not observed in wheat from a FHB suscep�ble gene�c background. The Fhb1 QTL was not 
associated with increased disease severity in wheat grown at elevated CO2 and provided reliable disease 
resistance. 
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FHB Management (MGMT) – Poster 
 
Evaluation of Durum Wheat for FHB Susceptibility Under High and Low-Disease 
Pressure Environments in North Dakota 
 
Clair Keene 1 and Venkata Chapara 2 
1. North Dakota State University, Department of Plant Sciences, Fargo, ND 
2. North Dakota State University, Langdon Research Extension Center, Langdon, ND 
Corresponding Author: Clair Keene, clair.keene@ndsu.edu 
 
Abstract 
Durum wheat (Triticum durum) is an important, high-value grain crop grown on approximately 1 million 
acres annually in North Dakota. Fusarium Head Blight is the most economically important pathogen in 
durum wheat produc�on. Durum wheat lacks the gene�c sources of resistance that have been found 
and successfully exploited in bread wheat (Triticum aestivum). With litle gene�c resistance available to 
exploit, combining the management strategies of variety selec�on and a post-anthesis fungicide 
applica�on are currently the recommended best management prac�ces for control of FHB. Studies were 
conducted in 2020-2023 under misted and dryland condi�ons at Langdon and Prosper, North Dakota, 
respec�vely using an RCB split-plot design with 3 replica�ons. FHB incidence was higher under irrigated 
than dryland condi�ons and DON levels were also higher. Yield was not significantly impacted by the use 
of fungicide in any year of the study in Prosper but was higher with fungicide use than without at 
Langdon. DON levels in the grain were decreased with the use of fungicide in 1 of 4 years at Prosper and 
in 2 of 4 years at Langdon. Variety selec�on decreased DON accumula�on in 2 of 4 years at Prosper and 
2 of 4 years at Langdon. Of the 8 varie�es tested, ‘ND Grano’ and NDSU experimental line D111068 are 
showing less DON accumula�on than known highly suscep�ble variety ‘Mountrail’ and are ranking in the 
top half of varie�es in terms of yield. ND Grano appears to be a good op�on in higher disease risk 
loca�ons such as eastern North Dakota while the newer release ‘ND Stanley’ may be beter suited to 
lower disease risk loca�ons in western North Dakota where its higher yields may be obtained with lower 
risk of high DON accumula�on.  
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Abstract 
Integrated approaches for managing Fusarium head blight (FHB) and deoxynivalenol (DON) 
contamina�on of grain include agronomic prac�ces, resistant cul�vars, and chemical control. 
Prothioconazole, metconazole, and tebuconazole are three of the most effec�ve demethyla�on 
inhibitors (DMI) fungicide ac�ve ingredients (AIs) for FHB and DON control. While the efficacy of 
Prosaro (a premix of the DMI AIs tebuconazole and prothioconazole) and Miravis Ace (a premix of the 
DMI Propiconazole and the SDHI Pydiflumetofen), industry standards for FHB and DON management, has 
been well documented, it is informa�ve to determine whether newly labeled products such as Prosaro 
Pro (a premix of the DMI tebuconazole and prothioconazole and the SDHI Fluopyram) and Spaherax (a 
premix of metconazole and prothioconazole) will be just as or more effec�ve than the industry standards 
when used in combina�on with cul�var resistance. Therefore, the overall objec�ve of the study was to 
determine the efficacy of these new fungicides when used alone or as part of integrated management 
programs. To accomplish this objec�ve, field experiments were conducted in several U.S. wheat-growing 
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states during 2023 wheat growing season. Separate replicated plots of suscep�ble (S), moderately 
suscep�ble (MS), or moderately resistant (MR) cul�vars were treated with Prosaro, Miravis Ace, Prosaro 
Pro, or Sphaerex at Feekes 10.5.1 or le� untreated, and subsequently inoculated with spores of Fusarium 
graminearum. Percent control (C) was es�mated for FHB index (IND) and DON for each cul�var x 
fungicide program combina�on rela�ve to the non-treated suscep�ble check (S_CK). Mean IND and DON 
in S_CK ranged from 0 to 74% and 0 to 3.2 ppm, respec�vely. Averaged across environments, 
combina�on of MR cul�vars and fungicide treatments showed higher C for IND and DON than 
treatments applied to S cul�vars. For instance, across the tested fungicide programs, C for IND ranged 
from 88 to 94% on MR and 82 to 92 % on MS cul�vars, compared to 82 to 89% on S cul�vars. 
Addi�onally, C for Miravis Ace, Prosaro, Prosaro Pro and Sphaerex combina�on with cul�var resistance 
ranged between 89 to 94% for MR and 82-92% for MS. Preliminary findings from this study will provide 
stakeholders with useful informa�on regarding the efficacy of the new fungicide mixtures rela�ve to the 
industry standards when used as part of integrated management programs to control FHB and DON. 
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Abstract 
Fungicides are essen�al for Fusarium head blight (FHB) and deoxynivalenol (DON) management in small 
grain crops. However, for successful FHB control, fungicide applica�on �ming, rate, and product are all 
important. With emphasis on newly registered fungicides, Prosaro Pro and Sphaerex, the objec�ve of 
FHB management coordinated project were to compare the efficacy of Prosaro Pro (a premix of the DMIs 
tebuconazole and prothioconazole and the SDHI Fluopyram) and Sphaerex (a premix of metconazole and 
prothioconazole) to that of Prosaro, Caramba, and Miravis Ace, industry standards for FHB and DON 
management. To accomplish this objec�ve, field experiments were conducted in mul�ple U.S. wheat-
growing states in 2023. Different fungicides programs were applied to replicated plots of suscep�ble 
cul�vars, then ar�ficially inoculated with spores of F. graminearum. The fungicide programs consisted of 
a non-treated check (CK), or an applica�on of Prosaro (I), Caramba (II), Miravis Ace (III), Prosaro Pro (IV), 
or Sphaerex (V) at anthesis, or Miravis Ace at anthesis followed by an applica�on of Prosaro Pro (VI), 
Sphaerex (VII), or Tebuconazole (VIII) at 4-6 days a�er anthesis. FHB index (IND) was assessed, and grain 
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samples were tested for DON. Percent control (C) was es�mated for IND and DON for each fungicide 
program rela�ve to CK. Mean FHB IND and DON in the checks across environments ranged from 0 to 20% 
and 1 to 1.2 ppm, respec�vely. Generally, the most effec�ve of all tested fungicide programs were 
combina�ons of Miravis Ace followed by one of the other tested fungicides. Averaged across 
environments, C for IND was 99% for III, I, or II, 90% for VI, and 94% for VII. Addi�onally, C for DON 
contamina�on of grain was 98 and 96% for VII and VIII, respec�vely. The results suggest that the 
combina�on of an anthesis applica�on of Miravis Ace followed by a “late” applica�on of \Prosaro, 
Prosaro Pro, Sphaerax or Tubaconazole can be more effec�ve at reducing FHB and DON than an anthesis-
only applica�on of any of the tested fungicides. The outcome from this study will provide stakeholders 
with informa�on regarding the efficacy of the newly registered fungicides rela�ve to the industry 
standards, as well as the efficacy of two-treatment fungicide programs against FHB and DON. Further 
analyses will be conducted to formally quan�fy efficacy and determine the addi�vity of AI mixtures and 
sequen�ally applied fungicide treatments. 
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Abstract 
Early research by Marcia McMullen and colleagues star�ng in 1995 showed that a single applica�on of a 
triazole (DMI) fungicide had the poten�al to reduce FHB index (field severity). This led to the 
establishment of the Uniform Fungicide Trials (UFTs) by the USWBSI, with field studies commencing in 
1998. Early trials focused on propiconazole (trade name Tilt) and tebuconazole (Folicur). Metconazole 
(Caramba) was first tested in 2000, and tebuconazole+prothioconazole (Prosaro) in 2002. Star�ng in 
2008, strobilurins were tested in the UFTs, and different applica�on �mings for DMIs were evaluated 
star�ng in 2009. A series of network meta-analyses of over 300 separate trials from 1995 through 2013 
defini�vely showed the benefits of a well-�med single applica�on of a DMI fungicide at or shortly a�er 
anthesis. Prosaro and Caramba were clearly more efficacious than other fungicides, with an average 
percent control (percentage reduc�on rela�ve to the untreated check) of 48-54% for disease index and 
37-44% for DON. Results gave final verifica�on that an applica�on of a strobilurin-based fungicide 
between flag leaf stage and anthesis resulted in substan�ally higher levels of DON than the check, and 
thus should be avoided. Recommenda�ons for management of FHB with fungicides were generally well 
established based on the results through 2013. However, with the registra�on of the new SDHI fungicide 
pydiflumetofen combined with the DMI propiconazole (Miravis Ace), there was the opportunity to 
reassess the best fungicide treatments for FHB. Based on a new network meta-analysis of 68 trials from 
2018-2021, Miravis Ace applied at anthesis had higher mean percent control for index (~65%) and DON 
(~50%) than Prosaro or Caramba applied at anthesis or Miravis Ace applied around heading (~55% for 
index and ~30% for DON). A late applica�on of Miravis Ace (4-6 days post-anthesis) was equally effec�ve 
as an applica�on at anthesis for DON control, but was not as effec�ve for control of disease index. 
Treatments with two sequen�al fungicide applica�ons had substan�ally greater percent control for index 
and DON. By pooling all UFTs from 2000-2021, stability of the efficacy of Caramba and Prosaro was also 
characterized. Using novel methods in network meta-analysis, heterogeneity of efficacy was 
characterized through empirical BLUPs, and �me trends were represented with natural cubic splines. 
Although there were significant changes in percent control with Prosaro and Caramba over the years, 
there was no evidence of a loss of efficacy or change in sensi�vity to the fungicides.  
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Abstract 
Deoxynivalenol (DON) toxin produc�on during the infec�on of F. graminearum in small grain crops is one 
of the most harmful virulence factors associated with economic losses. Metatranscriptome sequencing 
and RT-qPCR traced back that the only mycovirus infec�ng an F. graminearum isolate, designated as Fg-
4-2, was a novel strain of Fusarium graminearum virus 1 (FgV1), designated as FgV1-SD4. The isolate Fg-
4-2 showed significantly reduced virulence against wheat compared to the virus-free culture, designated 
as isolate Fg-4-1, which was obtained by deep freezing and single conidial germina�on. Notably, no DON 
accumula�on was detected in the harvested wheat seeds infected by Fg-4-2, whereas ~18 ppm DON was 
detected in seeds infected by Fg-4-1. Comparison of the genome sequence of FgV1-SD4 with other 
iden�fied strains of FgV1, i.e., FgV1-DK21 and FgV1-ch, indicates muta�ons on ORF-2 and the 3' -UTR in 
the genome that might be associated with hypovirulence. This mycovirus strain alone and specific 
gene�c components of FgV1-SD4 can be further op�mized to be developed as a biocontrol agent to 
reduce Fusarium head blight and to lower the DON accumula�on levels in small grain crops due to this 
fungal disease. 
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Abstract 
Fusarium head blight (FHB) poses a significant threat to crops, impac�ng food security and 
environmental and human health. Tradi�onal FHB management methods are o�en inefficient and may 
lead to overuse of chemicals. U�lizing ar�ficial intelligence (AI) for FHB detec�on enhances disease 
iden�fica�on precision, enabling near real-�me responses and more calculated interven�ons. Early 
detec�on is crucial in managing crop diseases. While deep convolu�onal neural networks have been 
explored, conven�onal segmenta�on frameworks like U-Net face challenges in handling FHB variability. 
We introduce TransDAE, an innova�ve approach improving the self-aten�on mechanism to address 
spa�al and channel dimensions, overcoming the limita�ons of exis�ng frameworks and refining precision 
through an inter-scale interac�on module. For training and tes�ng, we collected 12,000 wheat field 
images using an advanced rota�onal deep scanning robot. This robot, equipped with a cu�ng-edge 
drone featuring a 360-degree rota�onal camera, provides a unique aerial perspec�ve, enhancing data 
collec�on efficiency. The drone's capabili�es, including swi� image capture from all angles, 
counterweight system, and calibrated velocity, ensure high-quality images for FHB detec�on and 
segmenta�on. The 360-degree rota�onal camera adds unprecedented detail to our dataset, advancing 
our understanding of wheat fields. 
 
 
  



 

2023 Na�onal FHB Forum Proceedings  Page | 27 

FHB Management (MGMT) – Poster 
 
Evaluation of Fungicide Efficacy, Timing and Cultivar Resistance for Management of 
Fusarium Head Blight of Durum in North Dakota 
 
Audrey Kalil 1, Edson Ncube 1, John Teixeira 1, Taheni Gargouri-Jbir 1, Dimitri Fonseka 1, and  
Andrew Friskop2 
1. North Dakota State University, Williston Research Extension Center, Williston, ND 
2. North Dakota State University, Department of Plant Pathology, Fargo, ND 
Corresponding Author: Audrey Kalil, audrey.kalil@ndsu.edu 
 
Abstract 
Fusarium graminearum causes Fusarium Head Blight (FHB) in durum wheat (Triticum durum Desf.), 
resul�ng in yield loss, low test weight and deoxynivalenol (DON) contamina�on. FHB is largely managed 
through the selec�on of varie�es with increased resistance and fungicides. The goal of this study was to 
evaluate the efficacy of fungicides in single and sequen�al applica�ons to manage FHB and DON in a 
suscep�ble (S) and a moderately suscep�ble (MS) cul�var. Field experiments were conducted under 
overhead irriga�on to increase disease pressure, and set up in a randomized complete block design in 
1.5 x 5.5 m plots, with four replica�ons. Six field experiments were conducted from 2017-2022. The five 
fungicides treatments: Sphaerex (Met+Pro), Miravis Ace (Pro+Pyd), Miravis Ace followed by 
Tebuconazole (Pro+Pyd � Teb), Prosaro (Pro+Teb) and Caramba (Met) were applied at different stages 
of crop development: half-head (Feekes 10.3), flowering (10.5.1), post flowering (4-6 days post 10.5.1), 
and both flowering and post-flowering (10.5.1 � 4-6 days post-10.5.1) for a total of 8 fungicide x 
applica�on �ming treatments. The crop was assessed for visual FHB symptoms expressed as FHB index at 
so� dough, and yield and DON post-harvest. Fungicides significantly reduced FHB, reduced DON and 
protected yield in the experiments. Six fungicide treatments significantly protected durum yield. The 
sequen�al treatment of Prop+Pyd � Teb provided the greatest amount of DON and FHB reduc�on, while 
having the highest yield. The MS cul�var exhibited a reduced FHB index and higher yield than the S 
cul�var. However, there was no significant difference in DON (P = 0.1811). Therefore, the integra�on of 
gene�c resistance and proper �ming of an effec�ve fungicide applica�on is an important strategy in the 
management of FHB. As new durum cul�vars are released, it is essen�al to update exis�ng and new 
fungicide performance data to convey messaging on efficacy and agronomic response, especially in 
growing regions that have sporadic FHB epidemics. 
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Abstract 
Fusarium is a fungal genus encompassing a variety of species that cause Fusarium head blight (FHB) in 
small grains. Fusarium produces mycotoxins during infec�on that can be harmful to human and livestock 
health and vary in type and toxicity by fungal species. In U.S. wheat, the majority of FHB infec�ons are 
caused by Fusarium graminearum; however, recent surveys have shown other species can be more 
prevalent in certain fields and up to 5 different Fusarium species can contaminate an individual wheat 
spike. Exploring this fusarial diversity means confron�ng the limited applicability of tradi�onal diagnos�c 
assays that rely on deriving single-spore isolates and Sanger sequencing of the translation elongation 
factor 1-a gene (TEF1), since fusaria do not grow at the same rate in culture and Sanger sequencing 
provides only qualita�ve results (present/absent). Recognizing this limita�on, qPCR and metabarcoding 
assays were developed that are culture-independent and provide insight into the abundance of different 
species in a single sample. However, these approaches either (1) are low throughput, (2) are limited to a 
small subset of Fusarium, (3) cannot iden�fy novel Fusarium, or (4) are not completely quan�ta�ve. To 
overcome these limita�ons, we have developed a synthe�c spike-in metabarcoding method (SSIM) that 
can quan�fy all fusaria in a single assay and is high-throughput with species-level resolu�on. We 
compared the accuracy and precision of this assay against a lower-throughput quan�ta�ve PCR 
metabarcoding method (qM) and found that the two methods had near-iden�cal behavior for 
quan�fying F. graminearum, F. acuminatum, and F. poae in the same sample (R2 ~ 0.99, 0.99, and 0.93 
respec�vely) across a wide range of Fusarium concentra�ons within samples. Addi�onally, we 
determined how to address the bias in es�mates of absolute abundance that can be created by common 
bioinforma�c pipelines that use read-quality filtering. This research represents the first reported use of 
SSIM in plant disease diagnos�cs and an improved tool for inves�ga�ng Fusarium epidemiology and 
control. 
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Abstract 
Fusarium graminearum is Fusarium head blight’s (FHB) or scab disease main causal agent. Apart from 
reducing yield and kernel quality, one of FHB’s cri�cal impacts is accumula�on of mycotoxins such as 
deoxynivalenol (DON). This study assessed the efficacies of newer fungicides on FHB and DON 
management under different applica�on regimens. The fungicide applica�on regimen comprised three 
schemes; a single applica�on of Prosaro (6.5 fl oz/ac), Caramba (13.5 fl oz/ac), Miravis Ace (13.7 fl 
oz/ac), Prosaro Pro (10.3 fl oz/ac) and Sphaerex (7.3 fl oz/ac) at early anthesis (Feekes 10.5.1), a 
sequen�al applica�on of two different products star�ng at Feekes 10.5.1 followed by an applica�on at 
comple�on of flowering (Feekes 10.5.3), and a single applica�on of Prosaro Pro, Sphaerex, and Miravis 
Ace at the comple�on of flowering. ‘CP3099A’, an awnless spring wheat variety was used as a model 
suscep�ble host. The study was set up as a randomized complete block design with four blocks and all 
experimental units were inoculated at boot stage with F. graminearum infected corn spawn at 42g m-2. 
Data on FHB index, FDK and DON were analyzed using the generalized linear model with applicable 
func�onali�es. The sequen�al fungicide applica�on and the Feekes 10.5.3 single applica�on regimes had 
lower FHB index, FDK and DON accumula�on rela�ve to the widely used single applica�ons. Miravis Ace 
applied at Feekes 10.5.1 followed by Prosaro Pro at Feekes 10.5.3 had the lowest FHB index, FDK and 
DON accumula�on. No sta�s�cally significant differences in DON accumula�on were observed among 
treated plots regardless of applica�on regimen. However, plots subjected to sequen�al and late 
applica�ons had dis�nctly lower DON than plots with a single fungicide applica�on at Feekes 10.5.1. 
Although none of the samples analyzed in this study met the FDA restric�ons of 1ppm for safe human 
consump�on, results suggest that a sequen�al scheme is the most effec�ve for managing FHB index, 
FDK, and DON accumula�on. The single fungicide applica�on scheme at Feekes 10.5.3 provided beter 
FHB index and DON protec�on compared to single applica�on at Feekes 10.5.1. These preliminary 
observa�ons defy the current recommenda�on to apply fungicide at Feekes 10.5.1 for effec�ve FHB 
management. Perhaps, there is an associa�on between applica�on �mes and host genotype, disease 
pressure and environmental condi�ons. 
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Abstract 
Fusarium head blight (FHB) threatens Pennsylvania's wheat industry, causing economic losses due to 
reduced grain quality, yield, and mycotoxin contamina�on. The yield loss caused by the disease in 
Pennsylvania is es�mated to be $19 million between 2018 and 2022. Managing this devasta�ng disease 
requires accurate risk assessment that can aid farmers in making informed decisions regarding disease 
preven�on and control strategies. In this study, we present the valida�on of the Fusarium Head Blight 
Weather-Based Risk Tool in the context of Pennsylvania, a region with a notable wheat industry. The FHB 
Risk Tool is a web-based forecas�ng system that predicts FHB epidemic risk (>10% FHB index) and guides 
in-season fungicide applica�on decisions. The FHB Risk Tool uses weather variables such as temperature 
and humidity, which are known to impact FHB development, along with different levels of wheat 
resistance to FHB. This research aims to validate the FHB Risk Tool's predic�ve accuracy in Pennsylvania 
for the years 2018, 2020 - 2023. Flowering dates, FHB incidence, and severity data were collected from 
various research trials at the Russell E. Larson Agricultural Research Center at Rock Springs (40.710208, -
77.950024) and the Southeast Agricultural Research and Extension Center at Manheim (40.118769, -
76.427366). We hypothesized that there is no significant difference between the forecasted FHB risk and 
the actual FHB incidence and severity in these loca�ons for the years 2018 and 2020 - 2023. Preliminary 
results show that the FHB tool forecasted risk for 2021 and 2023 aligned with the observed FHB index at 
both loca�ons. However, the tool predicted high FHB risk for 2018 and 2020, but the observed FHB 
disease index was low at both loca�ons, below the 10% threshold. Meanwhile, in 2022, the tool 
predicted a high risk, but this was observed only in Manheim. The difference between the FHB risk 
forecasted and the FHB index observed in the field may be due to factors not considered by the tool, 
such as rota�on history, residue management, and the three small-grain produc�on zones in 
Pennsylvania. These results are important to guiding extension educa�onal programs focused on the 
integrated management of wheat diseases. We expect this research will encourage stakeholders to 
adopt the FHB Risk Tool as a reliable resource for making informed, in-season decisions in their wheat 
produc�on strategies. 
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Abstract 
Fusarium head blight (FHB) is an economically important disease of small grains globally and is primarily 
caused by species in the genus Fusarium. Although the deoxynivalenol- (DON) producing F. graminearum 
is o�en considered to be the primary causal agent of concern in N. America, other species or 
chemotypes can be more frequent in certain geographic regions or during certain years. In par�cular, 
litle is known about Fusarium diversity in scabby U.S. wheat and barley spikes, nor about the 
environmental factors that cause local outbreaks of “emerging mycotoxin” producers (e.g., the F. 
tricinctum species complex). Thus, we are conduc�ng surveys of Fusarium and mycotoxin diversity in FHB 
symptoma�c wheat and barley to beter understand the environmental factors driving higher 
frequencies of minority species, and emerging mycotoxins of concern. In 2022, we sampled 19 Illinois 
hard red winter wheat farms, isolated Fusarium from symptoma�c heads, and quan�fied mycotoxin 
concentra�ons of scabby heads. In total, we isolated 1192 strains, which ranged from 10-82 per field. 
Most of the successfully isolated strains came from heads with low disease (<20% infected spikelets) and 
only a single visible point of infec�on. From TEF-1α par�al sequencing, most isolates belonged to the 
Fusarium sambucinum species complex (>95% of isolates), with the remaining belonging to the Fusarium 
tricinctum, fujikuroi, and incarnatum-equiseti species complexes. Mycotoxin analyses revealed greater 
than expected concentra�ons of nivalenol (NIV) and culmorin (CUL) present in scabby wheat heads from 
southern Illinois. In par�cular, we found up to 14 μg of NIV per gram of grain material and up to 20 μg of 
CUL per gram of grain material in some fields. By contrast, we only found up to 2 μg of DON per gram of 
grain material across all 19 fields. A strong correla�on was detected between NIV and CUL and is 
sugges�ve of the presence of Fusarium strains capable of producing both CUL and NIV. Ul�mately, this 
indicates that there may be a significant propor�on of NIV-producing F. graminearum in Illinois. 
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Abstract 
The Fusarium head blight (FHB) species complex generates mycotoxins, leading to not only reduc�ons in 
crop quality and yield but also posing significant health risks to both humans and livestock. Therefore, it 
is of great urgency to develop a green strategy to inhibit Fusarium mycotoxin produc�on that can be 
applied in sprouted grains. Recent studies have shown that photosensi�za�on, an emerging technology, 
effec�vely combats various microorganism and fungi through the interac�on between photosensi�zers 
(PS) and visible light in the presence of oxygen. The main limita�on in this technology is the use of PS as 
they have weak an�fungal ac�vity in natural light, have low solubility, specificity, and high cost. This 
research seeks to understand the effec�veness of an�fungal and mycotoxin inhibitory ac�vity of natural 
PS (curcumin) in vitro and their an�fungal mechanism of ac�on. Ini�ally, the water dispersible physically 
stable curcumin nanoemulsion was formed by preparing 3mM concentra�on of curcumin in 10 wt% 
propylene glycol, 10 wt% of Tween 80 and 80 wt% of water mixture. With regard to inhibi�on of spore 
germina�on of two chemotypes of Fusarium graminearum isolates (10-124-1 and 10-125-1), the 
concentra�on of curcumin nanoemulsions on 50% spore inhibi�on rates (EC50) were 2.32 mM/mL and 
2.56 mM/mL, respec�vely. As revealed by scanning electron microscope (SEM), shrunken spores with 
rough and corrugated surfaces were observed in spores treated with curcumin nanoemulsions due to 
the massive loss of cytoplasm matrix in spores. Moreover, significant (p< 0.05) suppression on mycotoxin 
inhibi�on were achieved by treated with 3mM of curcumin nanoemulsion with light exposure. We 
further inves�gated the mechanism of ac�on of curcumin nanoemulsion by studying Tri gene cluster 
(Tri3, Tri4, and Tri5) at gene�c levels. Results indicated that the curcumin nanoemulsion significantly (p ˂ 
0.05) up-regulated all the treatment samples than control (Tri3, Tri4, and Tri5) in isolate 10-124-1, 
whereas in isolate 10-125-1, all the Tri gene cluster in treatment condi�ons were down-regulated 
significantly (p ˂ 0.05) than control. Overall, this study established the poten�al applica�on of natural PS 
as a safe preserva�ve in grains. 
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Abstract 
Mycotoxins are one of those topics that many would prefer just “goes away.” For years, it has been 
researched, discussed, legislated, evaluated and tested by everyone from seed experts to end users. But 
it has most definitely not gone away. In the past 5 to 10 years, external factors such as extreme weather 
events and increasing interna�onal regula�ons are also factors for mycotoxins in wheat and barley. 
What’s next? Enter - Mul�-mycotoxin tes�ng. In the past decade the use of LC-MS/MS for mycotoxins 
has increased drama�cally. This mul�-toxin panel has changed the way data is reviewed for many 
matrices. In the past, samples analyzed by HPLC or GC were specific for one, or perhaps up to three 
mycotoxins. The contamina�on levels for a specific crop year were generalized on those toxins, and 
samples were rarely submited for much else besides DON, or perhaps the Acetyl versions of DON. The 
tandem mass spectroscopy methods have changed that focus. Most samples that enter our facility at 
Trilogy are analyzed for mul�ple toxins with every run. Our methods quan�fy each of the toxins we 
report, however other methods in the industry will analyze for 200+ mycotoxins, perhaps not with 
quota�on, but with simply a reportable level detected. This changes the playing field for interna�onal 
trade, and for the general parameters of the products. Toxins that were never a concern prior to LC-
MS/MS are now being found and reported with mul�-toxin methods. Are all the reported toxins found at 
a level of concern for food and feed safety? Is more data “beter data”? What mycotoxins are found in 
areas and levels that pose new concerns? Many of these ques�ons are now front and center of 
discussions, trade regula�ons, and quality topics. Let’s explore what these methods have found. What 
mycotoxins of concern may truly be, and what a good take away from this new technology and tes�ng 
can give us as an industry.  
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Abstract 
New and improved strategies are needed to detect plant pathogens before symptom onset. The fungus 
Fusarium graminearum produces trichothecene mycotoxins that pose a threat to the health of domes�c 
animals and humans. This research aims to address knowledge gaps pertaining to early detec�on of 
pathogens in agricultural se�ngs and the feasibility of using callus culture as a conduit for pathogen 
detec�on and mycotoxin characteriza�on. Calli and whole plants of the Landsberg erecta accession of 
Arabidopsis thaliana were infected with two strains of F. graminearum (3-ADON and 15-ADON 
genotypes), and mycotoxins were quan�fied using Gas Chromatography Mass Spectrometry (GC-MS). It 
is expected that concentra�ons will be congruent between whole plants and calli, with the greatest 
concentra�on of trichothecene mycotoxins being produced in the 15-ADON strain due to the greater 
prevalence in this genotype. If successful, our work has the poten�al to demonstrate that callus culture 
is a viable approach to studying the pathosystem in plants, paving the way for a faster method for 
es�ma�ng F. graminearum trichothecene produc�on in planta. 
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Abstract 
Deoxynivalenol (DON) and its conjugate, DON-3-glucoside (D3G), are mycotoxins of significant concern in 
various cereal-based foods and beverages. The transforma�on of DON into D3G occurs from the field 
through food processing and is closely linked to Type II resistance of host plants against Fusarium 
infec�on. Accurate and precise quan�fica�on of DON and D3G is essen�al not only for food safety and 
regulatory compliance, but also for evalua�ng the efficacy of crop resistance strategies. Liquid 
Chromatography-Mass Spectrometry (LC-MS) emerged as a powerful analy�cal tool for the 
quan�fica�on of DON and D3G, especially since D3G cannot be detected by GC. However, in LC-MS 
analysis, the surrounding matrix, which comprises the complex mixture of compounds from grain 
extracts, exerts a significant influence on the accuracy and reliability of quan�fica�on. This matrix effect 
can lead to systema�c biases in measurement; therefore, requires careful evalua�on. In this study, we 
explored the cri�cal issue of the matrix effect for the quan�fica�on of DON and D3G in wheat, barley, 
and malt using LC-MS. The goal of our study was to evaluate the matrix effect for the quan�fica�on of 
DON and D3G on LC-MS and to analyze the D3G transforma�on. The matrix effect (ME) was calculated 
with slopes of calibra�on curves from acetonitrile/water (84/16, v/v), barley and wheat extract, and malt 
extract. The MEs of wheat, barley and malt for DON were 86% and the MEs of barley/wheat and malt for 
D3G were 90 and 94% respec�vely. These results indicate significant ion-suppression for DON and D3G in 
these matrixes. Five samples of hard-red spring wheat and ten samples of two-row spring barley samples 
were analyzed for D3G transforma�on. The produc�on of DON and the transforma�on of D3G varied 
between barley and wheat and varie�es. We observed the molar ra�os of D3G/DON increased a�er 
germina�on which significantly varied between samples; this underlines its significance in evalua�ng the 
resistance of barley and wheat to Fusarium infec�on, par�cularly in the context of type II resistance.  
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Abstract 
Wheat Fusarium head blight (FHB) is one of the most destruc�ve diseases of wheat and causes 
significant yield and quality losses in wheat worldwide. Using resistant cul�vars is one of the most 
effec�ve approaches to control FHB. Although more than 600 quan�ta�ve trait loci (QTLs) have been 
reported, most of them showed minor effects and not consistent across environments. To explore new 
sources of resistance, an EMS-induced mutant popula�on derived from an FHB moderately suscep�ble 
hard winter wheat cul�var ‘Jagger’ was screened for FHB resistance. One mutant line (JagMut1095) 
showed significantly higher FHB resistance than Jagger (P < 0.001), with mean percentage of 
symptoma�c spikelets (PSS) in a spike of 32% for JagMut1095 and 69% for Jagger. A popula�on of 154 
recombinant inbred lines (RILs) was developed from the cross of JagMut1095 x Jagger and was used for 
QTL analysis on FHB resistance in four greenhouse environments. A total of 3,757 high quality GBS-SNPs 
were mapped on 21 wheat chromosomes using recombinant inbred lines (RILs), and 1,003 unique SNPs 
were mapped to 22 linkage groups corresponding to the 21 chromosomes a�er binning the SNPs in the 
same posi�ons. The map is 3,106 cM in gene�c length with a marker density of 3.1 cM per marker. 
Composite interval mapping iden�fied 12 QTLs for Type II FHB resistance on chromosomes 1B, 2B, 3A, 
4B, 4D, 5A, 5B, 5D, 6A, 6B, 7A and 7B. Among them, four QTLs on chromosomes 3A (QFhb.hwwg-3AS), 
4B (QFhb.hwwg-4BS), 5A (QFhb.hwwg-5AL) and 7A (QFhb.hwwg-7AS) were repeatable in at least two 
environments. QFhb.hwwg-5AL was repeatable in all environments and for the best linear unbiased 
es�mated (BLUE) values, and QFhb.hwwg-3AS was repeatable in three of the four environments (2019S, 
2019F and 2020S). These two QTLs had the resistance alleles from the mutant and explained up to 11.3% 
and 14.5% of the phenotypic varia�on, respec�vely. QFhb.hwwg-4BS and QFhb.hwwg-7AS were both 
detected in three environments (2018F, 2019S and 2020S) and by the BLUE values, and Jagger 
contributed resistance alleles at both loci. QFhb.hwwg-4BS showed the largest effect on FHB resistance 
and explained up to 32.8% of the phenotypic varia�on, therefore, was chosen for fine mapping. This QTL 
was delimited to a 1.5 Mb interval on 4BS carrying 17 high confidence genes including Rht1, a ‘Green 
Revolu�on’ reduced height gene. QFhb.hwwg-4BS overlaps with the major QTL QPh.hwwg-4BS for plant 
height, thus, QPh.hwwg-4BS is most likely Rht-1B. Map-based cloning and molecular characteriza�on of 
the resistance mechanisms underlying QFhb.hwwg-4BS will facilitate determina�on of the gene iden�ty 
and effec�ve deployment of the resistance QTL in breeding. 
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Abstract 
Fusarium graminearum produces secondary metabolite virulence factors during infec�on to overcome 
host defenses and survive in a nutrient-poor environment. We recently iden�fied a cyclic lipopep�de 
produced by Fusarium graminearum called gramillin which is a virulence factor in maize silks but not in 
wheat spikes. Gramillin is toxic to maize but not to wheat cells, though the mechanism for gramillin 
toxicity is unknown. Our work indicates that gramillin targets plant membranes which it disrupts ion 
homeostasis causing necrosis and cell death. In ar�ficial membranes, gramillin func�ons as a ca�on-
conduc�ng ionophore, and in leaf mesophyll cells, gramillin causes plasma membrane depolariza�on 
and K+ leakage. Gramillin’s toxic effect on plant membranes extends across monocots and dicots where it 
also induces cellular stress responses including a ROS burst. Its virulence func�on extends to promo�ng 
infec�on in barley spikes and Arabidopsis seedlings where it suppresses callose forma�on and promotes 
expression of secondary metabolite biosynthe�c genes. Gramillin-induced ROS bursts in the plant are 
dependent on the stress response genes ILK1 and RBOHD. During infec�on, RBOHD and ILK1 suppress 
callose produc�on and enhance fungal virulence gene expression, leading to plant suscep�bility. We 
conclude that gramillin’s ionophore ac�vity is detected by plants and that gramillin targets plant 
membrane responses to promote suscep�bility to the F. graminearum fungal pathogen.  
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Abstract 
Gene�c engineering technology has emerged as a powerful tool to elucidate mechanisms of plant 
disease resistance and develop disease resistant plants. This technology has poten�al in the batle 
against Fusarium graminearum (Fg) in barley, especially as no resistant barley cul�vars are currently 
available. Nevertheless, the poten�al of this technology is constrained by the ability to transform and 
regenerate gene-edited plants in vitro, with barley proving to be par�cularly challenging. The established 
protocols for producing gene�cally engineered barley are genotype dependent, exhibit low efficiency, 
and are labor-intensive. To address this issue, we established the Barley Gene�c Engineering Facility for 
FHB Research Community since 2022. This facility, supported by the USWBSI, provides services to 
develop �ssue culture protocols for customer-based barley cul�vars and for op�mizing transforma�on 
efficiency to produce transgenic barley plants with customer-provided constructs. Plant �ssue culture 
protocols using immature scutellum explant have been developed for several barley cul�vars, including 
the two-rowed spring barley 'Genesis' and 'Lightning,' the winter cul�var 'Thunder,' and the six-rowed 
barley 'Morex’. We are currently developing barley �ssue culture protocols using seedling-derived leaf 
�ssues as explants. To op�mize barley transforma�on efficiency, we have u�lized the pUBI:RUBY vector 
to assist screening for transforma�on events. We have also implemented CNQX pretreatment to improve 
callus induc�on and plant regenera�on from scutellum �ssues. Addi�onally, we have developed 
constructs that incorporate morphogenic genes, such as Babyboom and Plethora, which may enhance 
barley transforma�on and regenera�on efficiencies. Our op�mized, genotype-independent barley �ssue 
culture and transforma�on protocols will aid in the produc�on of transgenic and gene-edited barley 
plants for the FHB Research Community. 
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Abstract 
Plant-pathogen interac�ons are shaped by complex, mul�-level signaling networks that ul�mately 
control disease outcomes. By reconstruc�ng the topology of these networks, we can begin to 
understand how signals are propagated and predict the genes that have the largest influence on plant 
phenotypes. To this end, we are using integra�ve mul�-omics coupled with network biology to dissect 
the molecular basis for Fusarium Head Blight (FHB) disease of barley and wheat. We performed �me 
course infec�on experiments in barley leaves and spikes to analyze host and pathogen signaling during 
disease progression. Tissue was collected and mul�-omics profiling revealed differen�ally regulated 
transcripts, proteins, and phosphorylated pep�des at specific stages of infec�on. Preliminary proteomics 
experiments quan�fied a total of 12,000 protein groups and 14,000 phospho-pep�des, including 3,100 
proteins and 4,100 phospho-pep�des from F. graminearum. We use a systems-biology approach to 
integrate these orthogonal datasets into mul�-level models of cellular signaling. Gene regulatory 
networks predict the transcrip�on factors that regulate modules of differen�ally expressed transcripts. 
Phospho-signaling networks iden�fy ac�vated kinases and predict their phosphorylated targets. Proteins 
with high centrality in the reconstructed networks will be priori�zed for func�onal valida�on. We are 
especially interested in host genes that contribute to suscep�bility, as well as genes in Fusarium that 
regulate pathogenicity. This dual-organism, mul�-omics strategy represents a powerful approach to 
predict and test the genes that regulate FHB and serves as a founda�on for understanding and 
engineering disease resistance in cereal crops. 
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Abstract 
Fusarium graminearum, the causal agent of Fusarium head blight (FHB), produces various mycotoxins 
that contaminate grains and cause profound health problems in humans and animals. Deoxynivalenol 
(DON) is the most common trichothecene mycotoxin occurring in contaminated grains. Our previous 
study showed that Arabidopsis expressing F. graminearum trichothecene 3-O-acetyltransferase 
(FgTRI101) can convert DON to 3-acetyldeoxynivalenol (3-ADON) and excrete it outside of Arabidopsis 
cells. To inves�gate whether wheat could similarly convert and excrete 3-ADON, poten�ally reducing the 
incidence of FHB and mycotoxin contamina�on, FgTRI101 was cloned and introduced into wheat cv 
Bobwhite, driven by the maize ubiqui�n promoter (Ubi-1). Four independent transgenic lines containing 
FgTRI101 were iden�fied. Gene expression studies revealed high expression levels of FgTRI101 in both 
wheat leaf and spike �ssues in one of the transgenic lines (Tri101-1606). We compared the phytotoxic 
effects of purified DON on the root growth of transgenic wheat expressing FgTRI101. The seedlings from 
two FgTri101 transgenic wheat lines displayed significantly longer root lengths on media containing DON 
than the controls. However, the conversion of DON to 3-ADON in the FgTri101 transgenic wheat 
seedlings was only detected in the Tri101-1606 line inconsistently. FHB evalua�on assays showed that 
transgenic wheat plants expressing FgTri101 enhanced FHB resistance. Significantly less DON 
accumula�on was observed in FgTri101 expressing lines, but no 3-ADON was detected in infected wheat 
spikes, sugges�ng that 3-ADON is unstable in wheat. Our study suggests that u�lizing the fungal self-
protec�on mechanism is a promising method to control FHB and mycotoxin contamina�on. 
  
Acknowledgment and Disclaimer 
This material is based upon work supported by the U.S. Department of Agriculture. This is a coopera�ve 
project with the U.S. Wheat & Barley Scab Ini�a�ve. Any opinions, findings, conclusions, or 
recommenda�ons expressed in this publica�on are those of the author(s) and do not necessarily reflect 
the view of the U.S. Department of Agriculture.  
 
 
  



 

2023 Na�onal FHB Forum Proceedings  Page | 43 

Gene Discovery & Engineering Resistance (GDER) – Poster 
 
Mutations in WhNPR3 and WhNPR4 Increase Resistance Against Fusarium 
graminearum in Arabidopsis and Wheat 
 
Md Ashraful Islam 1, Isha Mital 1, Elena Shulaev 1, Anil Girija 1, Steve Scofield 2 and Jyo� Shah 1 
1. Department of Biological Sciences and BioDiscovery Institute, University of North Texas, Denton, TX  
2. USDA-Agricultural Research Service, West Lafayette, IN  
Corresponding Author: Jyo� Shah; Ph 940 565-4494; Email: Jyo�.Shah@unt.edu 
 
Abstract 
In Arabidopsis, NPR1 and its role in SA signaling has been very well studied. NPR1-like proteins NPR3 and 
NPR4 bind to the same TGA factors that bind NPR1, to inhibit their ability to ac�vate defense gene 
expression. NPR3 and NPR4 func�on counteract the ability of NPR1 to ac�vate defenses. Knockdown of 
NPR3 and NPR4 results in enhanced resistance to some pathogens, confirming that they are 
‘suscep�bility factors. WhNPR3 and WhNPR4 are expressed in Fg infected wheat spikes. In comparison to 
the Arabidopsis wild-type plants, npr3/npr4 mutant exhibited HR-like symptoms and elevated levels of 
ROS accumula�on, along with reduced fungal biomass in the infected leaves. Besides, npr3/npr4 mutant 
showed enhanced resistance to Fg in Arabidopsis inflorescence compared to wild-type plants. We 
further demonstrated that non-GMO knockdown of alleles of WhNPR3 and WhNPR4 in Kronos TILLING 
lines resulted in enhanced resistance against Fg compared to Kronos wild-type plants. Therefore, natural 
variants with missense muta�on that knockdown ac�vity of WhNPR3/WhNPR4 could provide novel 
gene�c material for integra�on into FHB resistance breeding programs. 
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Abstract 
Most fungal pathogens secrete effector proteins inside host cells to circumvent host immune responses, 
thereby promo�ng pathogen virulence. One such fungal pathogen is Fusarium graminearum, which 
causes Fusarium Head Blight (FHB) disease on wheat and barley. Recent transcriptomic analyses revealed 
that F. graminearum likely secretes nearly six hundred effector proteins during the early phases of the 
infec�on process, some of which are annotated as proteases. However, the func�on of F. graminearum 
effector proteases in plant pathogenesis remains unknown. Here, we iden�fied a F. graminearum 
endopep�dase, FgTPP1 (FGSG_11164), that is highly upregulated during early stages of wheat spikelet 
infec�on. To elucidate the poten�al role of FgTPP1 in F. graminearum virulence, we generated FgTPP1 
dele�on mutants (ΔFgTPP1) and performed FHB virulence assays. While the ΔFgTPP1 mutant was able to 
colonize the inoculated spikelet, the disease symptoms were consistently reduced when compared to 
wild-type F. graminearum strain PH-1. To further elucidate the poten�al mechanisms involved, we 
transiently expressed FgTPP1 in Nicotiana benthamiana using agroinfiltra�on. Our analyses revealed that 
FgTPP1 localizes to the chloroplast stroma and suppresses both chi�n-dependent reac�ve oxygen 
species (ROS) produc�on as well as NLR-mediated defense responses. Our results provide new insights 
into the func�ons of a F. graminearum effector protease in plant pathogenesis. 
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Abstract 
Host-induced gene silencing (HIGS) and spray-induced gene silencing (SIGS) have been shown to be 
effec�ve in controlling plant pathogens. Understanding the role of both natural and engineered trans-
kingdom RNAi in plant immunity is recognized as important for reducing FHB. F.g. grows within the 
apoplast prior to infec�ng cells so understand that growth environment is cri�cal to developing a beter 
understanding of the plant-pathogen interac�on. Previous work in the lab has shown that exosomes 
isolated from barley apoplas�c fluid from F.g. infected plants contain increased amounts of small heat 
shock proteins, annexins, GAPDH and GSH enzymes, among other induced proteins. To beter 
understand the apoplast proteome in response to F.g. infec�on, a �me-course was set up using the 
barley variety Conlon and leaf �ssue was sampled at: 0, 24, 48, and 72 hours post-infec�on (HPI). 
Apoplast fluid was sampled, and label-free proteomic analysis was performed via spectral scanning. The 
results reveal that barley leaf apoplas�c fluid (48 HPI) becomes enriched with pathogenesis-related (PR) 
proteins such as chi�nases, nsLTPs, thauma�n-like proteins, Bowman–Birk-type trypsin inhibitors, and 
leucine-rich repeat proteins, among other PR-related proteins. The development of an efficient 
apoplas�c isola�on method using barley allowed us to reveal these differences between F.g. infected 
plants and mock treatment. The proteins iden�fied suggest poten�al resistance mechanisms specific to 
the apoplast which may impact the severity of FHB which develops in small grain cereals.  
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Abstract 
Fusarium head blight (FHB), which is caused by Fusarium graminearum (Fg), is a highly significant and 
destruc�ve disease affec�ng wheat. It results in decreased grain yield and contamina�on with 
mycotoxins. Understanding the molecular mechanisms of wheat resistance to FHB is crucial to develop 
effec�ve strategies for managing this disease. Our research has iden�fied a suscep�bility gene, Lpx3, 
which is encoded by the 9-lipoxygenase (9-LOX) gene and is involved in the biosynthesis of oxylipins, 
which might be involved in fungal development and inter-kingdom communica�on. Fungal infec�on of 
wheat cells trigger dynamic changes of gene expression in both Fg and wheat, resul�ng in intricate 
interac�ons between the pathogen and the host. Dual RNA-seq for wheat and fungal transcripts was 
done to gain insights on the mechanism of Lpx3-knockdown-conferred resistance to FHB. In this study, 
we conducted a compara�ve analysis of the wheat transcriptome and Fg transcriptome in planta during 
the infec�on of suscep�ble (Bobwhite BW) and resistant (Lpx3 RNAi in BW background) wheat lines a�er 
72 h of infec�on. Our analysis revealed a regula�on of significant number of genes in both wheat and Fg 
that are involved in processes such as plant hormone signal transduc�on, faty acid metabolism, 
cellulose metabolism, cell wall degrada�on, fungal virulence, and pathogenicity during the infec�on. In 
summary, we generated databases of wheat genes and in planta-expressed genes of Fg during FHB 
infec�on which can provide valuable insight into the interac�ons between wheat and Fg and the 
mechanism underlying Lpx3-knockdown-conferred enhanced resistance to FHB. 
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Abstract 
We recently reported a fungal sub�lase-type protease from Verticillium dahliae that cleaves a secreted 
defense protein called CRR1 in coton. CRR1 contains two non-cataly�c protein domains called DUF26 
(domain of unknown func�on 26) and is implicated in defense against Ver�cillium wilt. DUF26 domains 
are associated with diverse proteins involved in defense. The fungal protease, which we called Vd-DUMP 
for V. dahliae DUF26 modifying protein, induces plant cell death when infiltrated into plant leaves. Here 
we report that Fusarium graminearum and Fusarium verticillioides, mycotoxin producing pathogens of 
wheat and corn, also secrete DUMPs. We also iden�fy wheat protein TaCRR1 as a DUMP target. 
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Abstract 
Barley, Hordeum vulgare, has been shown to have broad type-2 resistance to the disease Fusarium Head 
Blight caused by Fusarium graminearum. The UDP-Glucosyltransferase UGT13248 detoxifies the major F. 
graminearum mycotoxin Deoxynivalenol (DON) by conversion to the glucoside Deoxynivalenol-3-O-
glucoside (D3G). UGT13248 confers type-2 resistance to F. graminearum by limi�ng fungal spread within 
the rachis. Wildtype barley plants inoculated with a wildtype strain of F. graminearum, PH1, show similar 
FHB symptoms as barley plants inoculated with trichothecene-deficient strain of F. graminearum, ∆tri5. 
Barley plants lacking a func�onal UGT13248 (H369Y) are highly suscep�ble to wildtype PH1, but are 
indis�nguishable from wildtype plants when inoculated with a ∆tri5 strain. This suggests that type-2 
resistance in barley is dependent on UGT13248 conversion of trichothecenes to their glucoside 
deriva�ves. Various strains of F. graminearum, including PH1, 00-500, 02-15, 06-205, are capable of 
producing different chemically related trichothecenes: 15-acetyl-deoxynivalenol (15ADON), 3-acetyl-
deoxynivalenol (3ADON), Nivalenol (NIV) and NX2, respec�vely. Previously, it was shown that UGT13248 
converts NIV to NIV-3G. Here, we show that UGT13248 converts the remaining mycotoxins to their 
glucoside deriva�ve. Further, plants lacking UGT13248 func�on (H369Y) show increased suscep�bility to 
each F. graminearum chemotype. This suggests that UGT13248 confers type-2 resistance to a broad 
range of F. graminearum chemotypes and their associated mycotoxins. RNA-seq analysis is ongoing and 
atempts to determine the molecular pathways involved in type-2 resistance in barley. Wildtype barley 
plants are being compared to H369Y plants at 2, 4, and 6 days post inocula�on with F. graminearum.  
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Abstract 
Fusarium head blight (FHB) caused by the fungal pathogen Fusarium graminearum is one of the most 
devasta�ng diseases in barley (Hordeum vulgare). However, sources of effec�ve resistance to FHB are 
very limited in barley germplasm. In the present study, we manipulated and employed host genes from 
wheat (Triticum aestivum), including Fhb1 and Fhb7, to enhance barley resistance to FHB. BLAST 
searches revealed that the suscep�bility allele (TaHRC) of Fhb1, which encodes a puta�ve his�dine-rich 
calcium-binding protein, is widely conserved in cereal species. Using CRISPR-mediated mutagenesis, we 
have generated loss-of-func�on muta�ons in HvHRC, the barley ortholog of TaHRC. Addi�onally, we also 
transferred Fhb7, driven by either the na�ve promoter or a cons�tu�ve promoter, into barley cv. 
‘Bowman’ through Agrobacterium-mediated transforma�on. However, the Fhb7 gene was silenced in 
most of the transgenic plants carrying when it is cons�tu�vely expressed. Homozygous loss-of-func�on 
HvHRC mutants and Fhb7-transformants were iden�fied using Sanger sequencing and real-�me PCR (q-
PCR), respec�vely, which were challenged with the pathogen and phenotyped under field condi�ons. 
Our preliminary results suggest that both the disrup�on of HvHRC and transforma�on of Fhb7 into 
barley improved resistance to FHB. Therefore, bioengineering cloned genes involved in FHB resistance in 
wheat may provide novel strategies to reduce losses to this destruc�ve disease in barley.    
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Abstract 
Fusarium head blight (FHB), mainly caused by Fusarium graminearum, is a devasta�ng disease in wheat 
worldwide. The disease causes significant yield losses and reduces grain quality. Use of host resistance is 
one of the major components in the integrated approach to manage the disease. However, resistance to 
FHB is a complex trait controlled by quan�ta�ve trait loci (QTL) and affected by environmental 
condi�ons. Iden�fica�on of QTL for FHB resistance and development of DNA markers associated with 
them in the resistance sources are cri�cal for their effec�ve deployment in wheat breeding programs. In 
this study, we aimed to map and validate QTL for FHB resistance in a bi-parental popula�on consis�ng of 
115 recombinant inbred lines (RILs) derived from the cross between a spring wheat cul�var ‘Glenn’ and a 
spring wheat breeding line ‘GP112’. Glenn was developed by NDSU spring wheat breeding program from 
a cross between ‘ND2831’ and ‘Steele-ND’, and it exhibits moderate resistance to FHB. GP112 is an FHB-
resistant RIL derived from a cross between ‘Grandin’ (an FHB-suscep�ble wheat cul�var) and ‘PI 277012’ 
(a wheat line conferring a high level of FHB resistance). The RIL popula�on was evaluated for FHB 
resistance in three greenhouse experiments and three field disease nurseries located in Fargo and 
Langdon in 2021 and 2022, respec�vely. Genotyping-by-sequencing (GBS) of RILs and their parents 
(Glenn and GP112) was conducted to generate SNP markers and a gene�c map with 806 unique SNP 
markers covering 1723.73 cM was constructed. QTL analysis iden�fied one major FHB resistance QTL on 
chromosome 3A, which explained 16% of the phenotypic varia�on in the greenhouse experiments. 
Three minor QTL for FHB resistance were detected on chromosomes 1A, 2D and 4B in only one or two 
field experiments. Our findings provide insights on gene�cs of FHB resistance and may facilitate FHB 
resistance improvement in wheat breeding programs. 
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Abstract 
Fusarium head blight (FHB), caused mainly by Fusarium graminearum, is a common and destruc�ve 
fungal disease that frequently occurs worldwide, leading to immense economic cost due to yield loss and 
grain contamina�on. However, sustainable gene�c resources for FHB are s�ll limited yet. Therefore, 
engineering resistance in wheat to FHB by crea�ng decoy substrates for FHB effector proteases may be 
considered as one of promising coping strategies. Here we characterized one puta�ve F. graminearum 
effector FgTPP1, which contains chloroplast transit pep�de, and demonstrated it par�ally accumulates in 
chloroplasts and harbors two major forms when transiently expressed in Nicotiana benthamiana. 
Dele�on of the N-terminal propep�de sec�on of FgTPP1 results in transloca�on of FgTPP1 from cytosol 
to chloroplast. Transient expression of FgTPP1 inhibits RPS5-mediated HR response in tobacco leaves. 
Wheat LSD1-type zinc finger protein (TaLSD1) was iden�fied as a likely interac�ng partner of FgTPP1 by 
yeast two-hybrid screening, and the protein interac�on was verified by co-immunoprecipita�on. Overall, 
our results show that FgTPP1 is translocated into chloroplasts once its propep�de is removed, and it may 
avoid triggering cell death by targe�ng to TaLSD1 and possibly interfere with plant immunity. 
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Abstract 
Fusarium head blight (FHB), mainly incited by Fusarium graminearum Schwabe, has caused great losses 
in grain yield and quality of wheat and barley globally. Fhb7, a major gene for FHB resistance, has been 
cloned and found to encode a glutathione S-transferase (GST). Fhb7 originated from 7E chromosome of 
Thinopyrum ponticum and confers broad resistance to Fusarium species. However, some recent reports 
raised doubt about whether GST is the causal gene of Fhb7. To validate the gene func�on of GST in 
wheat, we phenotyped Fhb7 near-isogenic lines (Jimai22-Fhb7 vs Jimai22) and GST over-expression lines 
for FHB resistance. The Fhb7 NILs were planted in the Kansas State University FHB nursery in 2018 and 
2020. Jimai22-Fhb7 showed significantly higher FHB resistance with a lower PSS, FDK and DON 
concentra�on than suscep�ble Jimai22. In the GST transgenic lines, GST was highly overexpressed in 
almost all the posi�ve transgenic lines driven by either the maize ubiqui�n promoter (MubiP) or its 
na�ve promoter (NP) in the wheat cul�var ‘Fielder’ and those transgenic T2 plants showed high FHB 
resistance. Only one MubiP-driven transgenic line showed low GST expression and similar suscep�bility 
as Fielder, sugges�ng high GST expression confers Fhb7 FHB resistance. We also knocked out GST in 
Jimai22-Fhb7 line using the CRISPR-Cas9-mediated gene-edi�ng. The GST-knockout lines showed 
significantly higher FHB suscep�bility compared with the non-edited control plants. Therefore, GST is the 
causal gene of Fhb7 FHB resistance and its gene expression level significantly infects the gene func�on in 
FHB resistance. 
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Abstract 
Fusarium graminearum causes the catastrophic Fusarium head blight (FHB), affec�ng wheat and barley 
and nega�vely impac�ng yields and quality. Currently, there is no effec�ve strategy for suppressing FHB 
u�lizing the barley phyllosphere microbiome. This pilot study aims to establish a stable microbial 
community with reproducible assembly in the barley phyllosphere to inves�gate plant-microbe 
interac�ons that suppress pathogen prolifera�on leading to plant protec�on in barley. In this case, the 
microbes u�lized are members of the barley spike phyllosphere core microbiome as predicted from a 
large amplicon sequencing study that profiled the composi�on of 800 diseased and non-diseased barley 
heads of ten genotypes collected from four misted nurseries across the U.S. A trial Hordeum vulgare 
phyllosphere Synthe�c Community (Hv-PSC-Fargo) constructed from a cultured microbiome collec�on 
derived from diseased and non-diseased Barley spikes collected in Fargo, ND. A number of experiments 
were carried out to inves�gate approaches to establish the Hv-PSC-Fargo community in barley plants 
grown in growth chamber se�ngs. These involved op�mizing the steriliza�on of barley seeds to remove 
the background seed microbiome, cul�va�ng strains, and determining the ini�al community member 
ra�os to preserve community diversity. Using these approaches, one trial involved inocula�ng sterilized 
seeds with Hv-PSC-Fargo, heat-killed Hv-PSC-Fargo, and PBS only to assess successful recruitment to the 
spikes using ND Genesis barley. In another experiment, short barley genotypes were grown in inert soil 
subs�tutes (sand: vermiculite) and Promix: Osmocote on Lennard jars to explore the transi�on to more 
gnotobio�c systems for growth. In the long term, this study will improve our knowledge of some of the 
many variables influencing the assembly of microbial communi�es, allowing us to tackle the 
shortcomings of the inconsistent efficacy of biocontrol strains and gain a deeper understanding of key 
drivers of microbial community assembly in the context of disease, and its impact on disease outcomes.  
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Abstract 
Understanding plant microbiomes may offer new insights into plant disease management. Fusarium 
head blight (FHB), caused by Fusarium graminearum, is a serious disease of wheat and barley that 
impacts both grain yield and quality via mycotoxin contamina�on. We hypothesized that differen�al 
enrichment in the barley spike in response to disease could iden�fy plant-recruited microbiota with the 
poten�al to inhibit FHB. Selec�ve breeding of barley lines may then be used to harness the barley spike 
microbiome in a beneficial manner. We analyzed the composi�on of the barley spike microbiome during 
FHB disease onset from ten genotypes of a breeding popula�on grown in four FHB nurseries (ID, MN, 
ND, and NY). Bacteria and fungi were iden�fied using amplicon sequencing and analyzed for their 
responsiveness to disease and genotype. Barley genotype significantly affected bacterial community 
composi�on at each loca�on, while disease had a significant effect only in MN, where disease pressure 
was highest. There was also a significant genotype by disease effect at three loca�ons. The microbiome 
at each loca�on contained plant-beneficial taxa including: Alternaria, Crytococcus, Pantoea, 
Pseudomonas, Pseudozyma, and Sphingomonas, among others. High-throughput bacterial culturing on 
2022 samples resulted in the collec�on of ~2,000 isolates. These will be used to generate synthe�c 
communi�es to test microbiome drivers by host genotype and the ability to protect against FHB. 
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Abstract 
Fusarium graminearum causes Fusarium head blight, a devasta�ng disease of wheat and barley. The 
pathogen also contaminates infected grains with the mycotoxin deoxynivalenol (DON), making them 
unsuitable for food and feed. The objec�ve of this study is to iden�fy the gene�c basis of varia�on in 
ascospore and mycotoxin produc�on using genome-wide associa�on (GWAS). Fusarium graminearum 
overwinters on crop debris, and under favorable condi�ons produces perithecia, the pathogen’s sexual 
frui�ng bodies. The perithecia produce ascospores, which are the primary source of infec�on in the field. 
DON, besides having health consequences, is also a virulence factor. Genes responsible for the 
biosynthesis of DON and its deriva�ves cluster in three TRI loci, but genes outside the TRI loci may affect 
the amount of DON produced by different isolates. We measured ascospores and mycotoxins (DON and 
15ADON) produced by 152 isolates in controlled laboratory experiments. Ascospores were collected 
from cultures grown on carrot agar plates and counted. The amounts of DON and 15ADON produced 
from isolates grown on rice cultures were measured using GC-MS. GWAS was conducted using the 
models implemented in two R packages. We iden�fied 14 SNPs significantly associated with ascospore 
produc�on, six of which were iden�fied by more than one model. SNPs associated with ascospore 
produc�on are located in, or in close proximity to, a secondary metabolite biosynthesis cluster and genes 
that code for various proteins, including: a peroxisomal-coenzyme A synthetase, a copper transporter, 
and a permease. Similarly, eight SNPs were significantly associated with DON, and three with 15ADON 
produc�on. One associated SNP is common to DON and 15ADON produc�on and falls in a polyke�de 
biosynthesis gene cluster. Other associated SNPs are found in, or are in linkage disequilibrium with, SNPs 
in: an efflux family gene or genes that code for a non-ribosomal pep�de synthetase and an MFS 
transporter. Many associa�ons we iden�fied are novel and provide new candidates for func�onal 
studies. Once verified, they can be used as markers to monitor field popula�ons for their ascospore and 
DON produc�on poten�al, which can further inform management decisions. 
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Abstract 
Fusarium head blight (FHB) caused by Fusarium graminearum (Fg), an ascomycete fungi, is a persistent 
disease of cereal crops in world food baskets including South Dakota, and a serious threat to the quality 
and quan�ty of grain produc�on in wheat, barley, tri�cale, and oats. Fusarium secretes various 
mycotoxins that are harmful to humans and animals making infected grain unsuitable for food and feed. 
Being a broad host range pathogen, its genome related to virulence, mycotoxin produc�on, and yet to be 
characterized plant-pathogen-interac�on loci are con�nuously incorpora�ng nucleo�de changes 
responding to host immunity. These changes and their maintenance in the genome correspond to their 
poten�al u�lity in pathogen survival fitness, and phenotypes related to host adapta�ons resul�ng in 
fluidic spa�o-temporal pathogen genome diversity. Thus, our goal is to study temporal pathogen genome 
diversity in rela�on to the diverse small grain hosts. To do so, we sequenced 23 Fg isolates collected from 
barley, wheat, and oat fields in South Dakota from 2012 to 2022 using the Illumina Nextseq500 pla�orm. 
For genome analysis, we used both denovo assembly as well as reference-based reads mapping to both 
genome and the mycotoxin-producing Tri gene cluster. In our approach, we used 5 different assembly 
tools (for short and paired-end reads) and found SPAdes works best for our data. Ongoing work includes 
whole genome comparison and diversity analysis focusing on mycotoxins related well-studied genes Tri5 
and Tri3. We aim to characterize puta�ve gene�c shi� in the pathogen genome accoun�ng for the 
addi�onal layer of complexity of its evolu�on on mul�ple hosts affec�ng strategies of resistance 
deployment. 
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Abstract 
Managing Fusarium Head Blight (FHB) caused by Fusarium graminearum sensu stricto and other 
members of the F. graminearum species complex (FGSC), is challenging due in part to the diversity of 
gene�c factors impac�ng disease severity and toxin accumula�on. In North America, FHB is primarily 
caused by three popula�ons of F. graminearum ss. The NA1 popula�on mainly produces the 
trichothecene toxins DON and 15ADON, while NA2 mostly produces 3ADON instead of 15ADON. The 
NA2 popula�on has been advancing across the Eastern U.S. and Canada, and it has been hypothesized 
that 3ADON confers higher aggressiveness, toxigenicity, and compe��veness than 15ADON. The present 
study has three objec�ves (i) inves�gate whether toxin chemotype and other gene�c markers segregate 
according to Mendelian principles among progeny resul�ng from crosses between different popula�ons 
of F. graminearum, (ii) assess differences in aggressiveness, toxigenicity, and compe��veness among 
individuals and mixtures of progeny resul�ng from outcrosses in suscep�ble and moderately resistant 
wheat, with or without fungicides, (iii) iden�fy DNA markers associated with aggressiveness and 
toxigenicity by analyzing whole genome sequence data derived from pools of progeny exhibi�ng 
varia�on in these traits. A self-sterile ma�ng tester strain of F. graminearum, generated by dele�ng the 
MAT1-1-1 locus in the NA1-15ADON strain PH-1, was crossed with NA2-3ADON, NA3-NX2, and NIV 
strains. The parents were selected from 19 strains collected from different loca�ons in the United States 
based on morphology, fer�lity, and ascospore viability. The NA2-3ADON and NA1-15ADON parents were 
more aggressive on wheat than the NA3-NX2 and NIV parents. The NA2-3ADON parent produced more 
mycotoxin than the other parental strains. Ninety-three progeny were randomly chosen from the NA1-
15ADON:NA2-3ADON cross, and tested using primers for the MAT1-1-1 and chemotype loci. The progeny 
displayed an�cipated Mendelian segrega�on paterns for both primer sets. Subsequently, 80 of the 93 
were chosen for addi�onal assays, including disease severity and mycotoxin produc�on on ‘Wheaton’ 
and ‘Alsen’ wheat varie�es. This study will provide new insights into the complex gene�cs of 
pathogenicity and aggressiveness of F. graminearum and the role of chemotype and generate tools for 
further research aimed at improving management of this important pathogen. 
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Abstract 
Fusarium head blight (FHB) is one of the most economically important diseases of wheat and barley 
because it occurs widely, reduces grain yield and quality, and contaminates grains with mycotoxins. 
Although efforts to improve FHB resistance in barley are underway at mul�ple state screening nurseries, 
it is unclear whether varia�on in Fusarium strains used by different nurseries impacts efforts to enhance 
resistance. To address this knowledge gap, we are examining varia�on in genome sequences, mycotoxin 
produc�on and aggressiveness of 97 Fusarium isolates from barley screening nurseries in six states. 
Phylogene�c analyses of DNA sequences from three housekeeping genes retrieved from genome 
sequences of a subset of 66 isolates confirmed that the isolates were all Fusarium graminearum. 
Chemical analysis for trichothecene mycotoxin produc�on indicated that nurseries in two states (Idaho 
and Minnesota) included both 3-acetyldeoxynivalenol (3-ADON)-producing and 15-acetyldeoxynivalenol 
(15-ADON)-producing isolates, while the nurseries in the other four states included only 15-ADON-
producing isolates. One isolate from the Minnesota nursery did not produce any trichothecene 
mycotoxins in culture. Assessment of disease induced by a subset of 16 isolates on two barley varie�es 
indicated that some isolates differ markedly in aggressiveness. However, most isolates tested caused 
high levels of FHB. Chemical analysis of both barley varie�es following inocula�on indicate that DON 
levels did not always align with FHB severity. Understanding and incorpora�ng informa�on on gene�c 
and phenotypic diversity of FHB isolates used in screening programs should facilitate development of 
barley varie�es that are resistant to FHB under diverse environmental condi�ons. 
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Abstract 
Glucosyl transferases and other trichothecene detoxifica�on enzymes are promising tools in efforts to 
control Fusarium head blight (FHB) because they can reduce both the crop disease and contamina�on of 
grain with the mycotoxin deoxynivalenol (DON). Knowledge of DON and structurally related 
trichothecene analogs has poten�al to enhance u�liza�on of the enzymes. Trichothecenes are a family 
of toxic secondary metabolites that are produced by species of at least 10 fungal genera with diverse 
ecologies. Some of the fungi, such as the FHB fungus F. graminearum, are plant pathogens, others are 
insect pathogens, and s�ll others are saprotrophs. Thus, trichothecenes are produced in varied habitats 
where they likely func�on in interac�ons between diverse organisms. Although approximately 200 
trichothecene analogs have been described, individual fungal strains tend to produce only one or a few 
analogs as final products of trichothecene biosynthesis. All trichothecene analogs share a core chemical 
structure but differ from one another by the patern of chemical groups atached to various posi�ons of 
the core structure. The existence of 200 trichothecene analogs raises the ques�on, what drives 
trichothecene structural diversity. The role of DON in pathogenesis of F. graminearum combined with 
ac�vi�es of trichothecene detoxifica�on enzymes provide a poten�al answer. That is, substrate 
specificity of trichothecene detoxifica�on enzymes likely drives trichothecene structural diversity. This 
idea is supported by findings of mul�ple studies. For example, Michlmayr et al. (2018 Toxins 10:111) 
found marked varia�on in ac�vi�es of glucosyl transferases from barley, rice and Brachypodium against 
the trichothecene analogs DON, nivalenol and T-2 toxin. These and other findings suggest that when a 
trichothecene-producing fungus encounters a trichothecene detoxifica�on enzyme, adapta�ons that 
result in produc�on of structurally novel trichothecene analogs allow the fungus to elude the detoxifying 
effects of the enzyme. This scenario is reminiscent of gene-for-gene rela�onships that occur in some 
plant-parasite interac�ons. Therefore, when deploying trichothecene detoxifica�on enzymes to combat 
FHB, incorpora�on of broad substrate specificity has poten�al to improve resilience of the enzymes to 
adapta�ons in Fusarium. 
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Abstract 
Fusarium head blight (FHB), caused by Fusarium graminearum, is a major threat to food safety and 
security, because it reduces crop yields and contaminates grains with mycotoxins which nega�vely 
impact the health of both humans and livestock. Produc�on of the mycotoxin deoxynivalenol (DON) is 
not required for ini�al F. graminearum infec�on of wheat heads but is essen�al for the spread of the 
fungus within wheat heads. Therefore, suppression of DON produc�on is an atrac�ve FHB control 
strategy. Endophytes, bacteria or fungi, form intrinsic rela�onships with their hosts and can inhabit host 
�ssue without causing damage. Previous studies have shown that the corn and wheat endophyte, 
Sarocladium zeae, produce pyrrocidines that suppress produc�on of fumonisin, a mycotoxin produced 
by F. verticillioides. In this study, we discovered that S. zeae also suppressed produc�on of 15-acetylDON 
(15-ADON) in a trichothecene induc�on medium when co-cultured with F. graminearum. The 
suppression of 15-ADON produc�on was not due to growth inhibi�on of F. graminearum or degrada�on 
of 15-ADON by S. zeae. Addi�onally, the suppression was neither caused by pyrrocidines, nor correlated 
with presence of pyrrocidine synthesis genes in S. zeae. This suggests a novel mechanism of suppression 
of trichothecene produc�on. Therefore, we used transcriptomic and metabolomic approaches to 
inves�gate the mechanism by which S. zeae suppresses 15-ADON produc�on. Our preliminary analyses 
showed that the expression of trichothecene biosynthe�c genes was down regulated in F. graminearum 
and S. zeae co-cultures compared to F. graminearum mono-cultures. Furthermore, we tested over 30 S. 
zeae strains and found that 20 of them inhibited 15-ADON produc�on in co-cultures. Interes�ngly, we 
found different secondary metabolite profiles in strains that suppressed toxin produc�on compared to 
those that did not suppress toxin produc�on in cocultures of S. zeae and F. graminearum. This study will 
improve our understanding of how S. zeae interacts with F. graminearum to inhibit toxin produc�on and 
could lead to a novel strategy to control FHB and mycotoxin contamina�on. 
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Abstract 
Fusarium graminearum Schwabe [teleomorph Gibberella zeae (Schweinitz) Petch] is the fungal pathogen 
that causes Fusarium head blight (FHB), which is the most devasta�ng disease in cereal crops worldwide. 
FHB significantly reduces yield and grain quality under favorable environmental condi�ons. 
Understanding the molecular mechanism underlying the virulence of the pathogen is cri�cal for 
designing novel strategies to manage the disease. In this study, we aimed to develop a CRISPR/Cas9-
mediated genome edi�ng protocol for efficiently knocking out genes in F. graminearum. The Tri5 gene 
required for DON produc�on in the fungus was chosen as the target and two sites of the gene were 
selected for designing single guide RNAs (sgRNAs) for the genome edi�ng experiments. The hygromycin 
resistance gene (HygR) was amplified by PCR using primer pairs containing 50 bp or 60 bp sequences 
flanking the target sites of Tri5 and used as donor DNA. PEG-mediated transforma�on of F. graminearum 
protoplasts was conducted using the donor DNA with or without the Cas9/sgRNA complex added. The 
results showed that more transformants with the target gene disrupted were generated with the donor 
DNA combined with the Cas9/sgRNA complex than with the donor DNA only, sugges�ng that the 
Cas9/sgRNA complex increased the gene knockout efficiency. Our experiments also indicated that more 
gene knockout mutants were generated with the donor DNAs containing the 60 bp flanking sequences 
than those with the 50 bp flanking sequences. The Cas9/sgRNA-mediated gene knock strategy developed 
in this study will be helpful in advancing func�onal genomics studies in F. graminearum. 
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Abstract 
Fusarium graminearum isolates are classified into different chemotypes depending on the type of 
mycotoxin produced, including the type B trichothecenes 3-acetyl deoxynivalenol (3-ADON), 15-acetyl 
deoxynivalenol (15-ADON), nivalenol (NIV), and the recently iden�fied type A trichothecene NX-2. 
Molecular tools to differen�ate NX-2 producers from other chemotypes have remained rela�vely 
laborious and �me consuming. In this study, we developed and validated a high-resolu�on mel�ng 
(HRM) assay for iden�fica�on and differen�a�on of NX-2 chemotype. By analyzing TRI1 coding 
sequences from 183 geographically diverse isolates represen�ng all four F. graminearum chemotypes, 
we selected a 75 base pair region containing four non-synonymous single nucleo�de polymorphisms 
(SNPs) that are specific to NX-2 genotypes. The amplicon generated two HRM profiles, one of which was 
specific for only NX-2. We validated the assay using a panel of 72 diverse pure-culture isolates collected 
from North America and it unambiguously differen�ates NX-2 from other chemotypes. The HRM assay 
was also successful in iden�fying NX-2 producers directly from DNA extracted from infected wheat spikes 
with varying levels of disease severity and fungal biomass. The assay is very sensi�ve and can detect as 
litle as 0.01 ng of fungal DNA in a background of 50 ng of plant DNA. This new diagnos�c tool can be 
used for high-throughput molecular surveillance of the NX-2 chemotype of F. graminearum from plant 
samples and culture collec�ons. 
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Abstract 
Compara�ve transcriptomics provides a powerful tool to iden�fy the genes related to developmental 
differences in closely related organisms. In this study, we examined transcrip�onal similari�es and 
differences during the stages of spore germina�on/ini�al infec�on stages of Fusarium graminearum and 
Metarhizium anisopliae, two related fungal species with dis�nct lifestyles. F. graminearum is a plant 
pathogen and the causal agent of Fusarium head blight on cereal crops, whereas M. anisopliae is an 
insect pathogen and root endophyte that forms beneficial associa�ons with barley. Four conidial 
germina�on stages were selected for transcriptome analysis on the host, and on a common growth 
medium: fresh conidia, polar growth, doubling of the long axis, and first hyphal branching. A substan�al 
difference was shown in the transcriptome of spore germina�on stages between F. graminearum and M. 
anisopliae when colonizing barley. F. graminearum expressed a higher number of genes encoding 
CAZymes and specialized metabolites during host coloniza�on, whereas M. anisopliae did not. Both 
fungal species showed upregulated puta�ve effector genes, par�cularly proteins with the LysM domain 
during early coloniza�on events with more effector puta�ve effectors upregulated in F. graminearum. 
Moreover, candidate genes associated with indole-3-ace�c acid synthesis were upregulated during the 
appressorial stage in M. anisopliae, but not F. graminearum. We have also characterized the forma�on of 
biofilms in F. graminearum, which provides a basis for understanding the func�onality of biofilms in the 
pathogen disease cycle. Collec�vely, these studies provide valuable insights into the network of genes 
necessary for spore germina�on, pathogenesis/symbiosis and significantly broadens our transcriptome 
data resources on fungal-plant interac�ons. 
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Abstract 
Fusarium head blight (FHB) is an economically and physiologically damaging disease in barley due to 
revenue loss and the produc�on of harmful mycotoxins. For example, revenue losses due to FHB can 
total in the hundreds of millions of dollars per year for U.S. barley growers. Breeding for resistance in 
barley has faced substan�al challenges, thus management of FHB is o�en achieved by applying chemical 
fungicides. However, pathogens are developing resistance to common fungicides, which is leading to 
calls for more sustainable solu�ons. Biological controls are a possible solu�on that could be used to 
control FHB pathogens. One poten�al source of biocontrols is the microbial communi�es of 
asymptoma�c barley heads, which may be naturally effec�ve against FHB. This study aimed to answer 
two ques�ons: how the microbiomes of FHB symptoma�c and asymptoma�c barley heads differ and if 
the barley microbiome differs between farm loca�ons. Both FHB symptoma�c and asymptoma�c barley 
heads were collected from four fields in central and northeastern North Dakota and fungal endophytes 
were cultured from asymptoma�c spikelets to compare differences in microbiome communi�es. Load 
(as es�mated by fungal isola�ons) is higher in symptoma�c heads, across all four loca�ons. Gene�c 
sequencing is ongoing, but we expect to iden�fy fungal endophyte taxa unique to, or enriched in, the 
asymptoma�c heads rela�ve to the symptoma�c heads, and vice versa. In addi�on, microbiome 
composi�on is expected to differ between different field sites, based on previous results in barley and 
wheat microbiomes. A�er sequencing the fungal endophytes and analyzing their differences across 
symptoma�c and asymptoma�c barley head microbiomes, we hope to test fungal endophytes for their 
antagonism against Fusarium pathogens in vitro, as well as their ability to serve as biocontrol agents for 
FHB in barley plants. 
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Wheat and Barley Variety and Fusarium graminearum Population Affect 
Trichothecene Mycotoxin Accumulation 
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Abstract 
Trichothecene mycotoxins are toxic metabolites produced by fungal pathogens, such as Fusarium 
graminearum (Fg), that infect cereal crops reducing grain quality and safety. The severity of 
trichothecene contamina�on is strongly dependent on the environment, and meteorological factors 
associated with climate change are predicted to increase the frequency and severity of condi�ons that 
favor disease outbreaks and contamina�on. However, it is unclear if the impact of meteorological factors 
directly affects Fg aggressiveness or indirectly affects disease outbreaks through stress induced changes 
in host metabolism. Rising atmospheric carbon dioxide (CO2) directly influences grain chemistry - 
par�cularly protein and carbohydrate content - which can indirectly impact mycotoxin produc�on. 
Recently, we demonstrated that certain Fg strains produced more trichothecenes, on wheat grown at 
elevated CO2. To elucidate the direct effects of elevated CO2 on Fg trichothecene produc�on, we 
inoculated grain of two barley varie�es and two wheat varie�es of different protein content with 15 Fg 
strains (5 strains from each North American popula�on (NA1, NA2 and NA3)). The inoculated grain was 
placed into dark chambers controlled at 20°C, 50% rela�ve humidity, and 400 ppm (ambient) or 1000 
ppm (elevated) CO2. The fungus was allowed to grow and colonize the grain for 14 days, at which point 
the samples were collected for quan�fica�on of fungal biomass and trichothecene contamina�on. 
Results revealed that only fungal growth on wheat was affected by elevated CO2. Variety and Fg 
popula�on and the interac�on between the two significantly contributed to differences in trichothecene 
accumula�on. Both wheat and barley varie�es with rela�vely lower protein content accumulated more 
trichothecenes, and grains inoculated with NA3 popula�on strains accumulated significantly higher 
amounts of trichothecenes in comparison to other popula�ons. 
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Fusarium Incidence, Severity, and Diversity in Canada 
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Abstract 
Many bio�c factors can nega�vely affect cereal grain quality and safety, including fungal damage due to 
Fusarium Head Blight (FHB). FHB can be caused by many different species of Fusarium, some of which 
produce trichothecenes, such as deoxynivalenol or DON. Trichothecenes are of par�cular concern due to 
their regula�on and toxicity to humans and livestock. However, Canada has a robust grain grading and 
monitoring system to ensure fungal and toxin contamina�on remains within acceptable levels and that 
Canadian wheat meets the quality and safety requirements of domes�c and export markets. Since 1995, 
our harvest monitoring program has assessed the occurrence and severity of Fusarium Damaged Kernels 
(FDK) in wheat for over 200,000 harvest samples. The results of our monitoring iden�fied regional and 
temporal differences in the fungi, with the occurrence of FDK having increased over �me, par�cularly 
within the last decade. Tradi�onal methods of Fusarium species iden�fica�on involved culturing and 
manual inspec�on through microscopy, which is low throughput, laborious, and can not provide 
informa�on on the toxin poten�al of the fungi. Using high-throughput DNA tes�ng, we have assessed 
the Fusarium species and toxin chemotypes for fungi in over 40,000 FDK, allowing us to increase our 
tes�ng capacity and provide robust data on shi�s in the pathogen popula�ons and risks for 
trichothecene occurrence. To complement our DNA tes�ng, we have also developed new biochemical 
fingerprin�ng tools and databases, Matrix-Assisted Laser Desorp�on/Ioniza�on Time of Flight Mass 
Spectrometry (MALDI-TOF MS), that can be used for fungal iden�fica�on and biotyping. Our monitoring 
dataset is one of the largest of its kind, and provides valuable informa�on on trends on FDK spanning the 
last 28 years. 
 
 
  



 

2023 Na�onal FHB Forum Proceedings  Page | 68 

 
 
 
 
 
 
 
 
 
 

Variety Development and Host Resistance 
(VDHR) 
  



 

2023 Na�onal FHB Forum Proceedings  Page | 69 

Variety Development and Host Resistance (VDHR) – Poster 
 
Comparative Evaluation of Fusarium Head Blight Inoculation Methods in Barley Under 
Controlled Conditions: A Comprehensive Analysis 
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Abstract 
This study explores the impact of two inocula�on methods, dip and spray, on FHB severity in transgenic 
barley lines under controlled condi�ons. The dip method occasionally resulted in unfilled or non-infected 
grains, promp�ng an inves�ga�on whether DON is consistently associated only with visibly infected 
grains or whether addi�onal variables are at play in influencing DON levels. Results revealed a highly 
significant difference in FHB severity between the dip and spray methods, emphasizing the cri�cal role of 
the inocula�on technique. The 95% confidence interval indicated severity ranges of 61.5% to 71.5% for 
the spray method and 52.11% to 57.40% for the dip method. Notably, the dip method presented a 7% 
chance of reaching 100% severity would give a poten�al method for specific study purpose. Fusarium-
Damaged Kernels (FDK) percentages varied considerably among spikes within genotypes for both 
methods, with the dip method exhibi�ng greater sample severity varia�on. Neither inocula�on method 
significantly affected deoxynivalenol (DON) levels. However, both methods revealed significant varia�on 
in DON levels across mul�ple spikes within each line. Further analysis focused on DON levels and kernel 
proper�es from the dip inocula�on study. Regression analysis indicated significant influences of kernel 
types on DON levels, with the propor�on of uninfected and infected kernels serving as highly significant 
predictors. To ascertain the contribu�on of asymptoma�c and/or unfilled kernels to DON levels, 
experiments on individual kernels are recommended. A thorough understanding of DON contamina�on 
dynamics can be obtained by analyzing DON for each uninfected or unfilled grain separately. This 
research aims to contribute valuable insights into the complex dynamics influencing DON levels in barley, 
paving the way for more effec�ve FHB resistance strategies. 
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Fusarium Head Blight Resistance in Southern Soft Red Winter Wheat: Reflection on 
Past Progress to Guide Future Improvement 
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Abstract 
Tremendous progress has been made in variety development and host plant resistance to mi�gate the 
impact of Fusarium head blight (FHB) since the disease manifested in the southeastern United States in 
the early 2000s. Much of this improvement was made possible through the establishment of and 
recurring support from the U.S. Wheat & Barley Scab Ini�a�ve (USWBSI). Through the USWBSI-
sponsored Variety Development and Host Resistance Coordinated Project, an extensive field 
phenotyping effort for annual germplasm screening has become a staple tool for selec�on in public and 
private so� red winter wheat (SRWW) breeding programs. Dedicated efforts of many SRWW breeders to 
iden�fy and u�lize resistance genes from both na�ve and exo�c sources provided a strong founda�on 
for improvement. In recent years, implementa�on of genomics-enabled breeding has further accelerated 
gene�c gains in FHB resistance. This presenta�on reflects on the improvement of FHB resistance in 
southern SRWW and contextualizes the monumental progress made by collabora�ve, persistent, and 
good old-fashioned cul�var development. Finally, we will explore opportuni�es for con�nued progress in 
the 21st century based on knowledge accrued and shared by collabora�ve southern SRWW breeding 
programs. This expansive knowledge along with scien�fic advances, germplasm sharing, and cul�var 
development creates a solid founda�on for future improvement of FHB resistance. 
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Genomic Prediction for Fusarium Head Blight Resistance in the Hard Red Spring Wheat 
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Abstract 
Fusarium Head Blight (FHB) is one of the major threatening diseases for wheat in the United States. 
Gene�c progress through breeding has been observed but the phenotypic evalua�on of FHB in the field 
remains tedious. Genomic studies suggest a rather complex gene�c architecture with many genes with 
minor effects involved. For almost 20 years, the Uniform Regional Scab Nursery evaluated breeding lines, 
mainly from Montana, South Dakota, North Dakota State University, as well as the University of 
Minnesota. FHB resistance and other related traits were evaluated in 5 loca�ons and for 30 lines each 
year on average with 9 loca�ons in total. The experimental design was highly unbalanced since almost all 
lines are evaluated for one year (across all loca�ons for that year). A subset of these lines has recently 
been genotyped by two genotypic arrays of 90k and 3k markers. Genomic predic�on is a sta�s�cal 
method relying on all available gene�c markers to predict the trait of interest and we implemented it to 
assess its efficiency in predic�ng FHB suscep�bility. Filters were applied to discard lines and SNPs with 
too much missing data, imputa�on was done with Beagle and the minor allele frequency threshold was 
5%, leading to 288 lines genotyped for 53k SNPs. Traits were incidence, severity, disease, visual scabby 
kernel, DON concentra�on, and heading date, and were analyzed in a linear mixed model. Genomic 
predic�on was fited by cross-valida�on and predic�ve ability was measured as the Pearson correla�on 
between predicted and observed value in the valida�on set. The best two methods among the seven 
tested were rrBLUP (ridge-regression Best Linear Unbiased Predictor) and RKHS (Reproducing Kernel 
Hilbert Space) across all traits, with an average predic�ve ability of 0.61 and 0.62, respec�vely. Highest 
accuracy was obtained for VSK with a predic�ve ability of 0.75. Then, we compared the impact of marker 
density on the predic�ve ability. We found that predic�ve ability plateaued with 500 to 3k SNPs, 
depending on the trait. Finally, we used successively each breeding popula�on (from the different 
breeding programs) as the valida�on set, to test the impact of decreasing gene�c relatedness. In almost 
all cases, predic�ve ability decreased when predicted within a specific breeding program, but various 
paterns were observed. These results demonstrate a role for genomic predic�on in improving Fusarium 
head blight resistance traits and the density of markers needed is small, thus allowing use of lower cost 
genotypic arrays. 
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Abstract 
Hexaploid wheat (Triticum aestivum L.)-derived Fusarium head blight (FHB) resistance genes do not 
express normally in the tetraploid durum wheat (T. turgidum L. ssp. durum) backgrounds probably 
because of epista�c effects. This study aimed to map hexaploid wheat-derived FHB resistance QTL in the 
recombinant inbred lines (RILs) derived from the cross of durum cul�var ‘Divide’ by hexaploid wheat 
accession PI 277012. Divide exhibits moderate resistance to FHB and PI 277012 exhibits high levels of 
FHB resistance comparable to ‘Sumai 3’. In previous studies, two major FHB resistance QTL were 
iden�fied in PI 277012 and mapped to the short and long arms of chromosome 5A. The RIL popula�on 
(n=203) was phenotyped for FHB resistance under controlled greenhouse condi�ons and genotyped 
using Illumina’s wheat 90K SNP arrays. No D-genome chromosomes were detected in the RILs using D 
genome-specific markers. Substan�al phenotypic varia�on for FHB severity was observed in the RIL 
popula�on. A linkage map including all 14 A- and B-genome chromosomes was construct using the RIL 
popula�on. Seven FHB resistance QTL with 3.7% to 10.6% phenotypic varia�on were iden�fied in the RIL 
popula�on. Three of them mapped to chromosome 5A, two to 4A, one to 2B, and one to 5B. Out of the 
seven resistance QTL, four were contributed by PI 277012 and three by Divide. In addi�on, epistasis was 
inves�gated within this RIL popula�on. A total of 25 minor epista�c interac�ons between loci of the A 
and B genomes with a LOD score greater than six were detected. The addi�ve-by-addi�ve effects of 
epista�c QTL were compara�vely higher than the addi�ve effect at any corresponding loci. A second 
season of screening for FHB resistance is in progress to validate these results. Integra�ve QTL analysis 
will also be performed using this RIL popula�on and others with shared parents to further examine 
epistasis of FHB resistance QTL in the tetraploid wheat backgrounds. The explora�on of epista�c effects 
among FHB resistance QTL will enhance our understanding of the interac�ons between FHB resistance 
genes, and iden�fy the combina�ons that enhance resistance. 
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Abstract 
Con�nuous development of high yielding FHB-resistant wheat varie�es is a top priority for wheat 
breeding programs. Since selec�on for FHB-resistance under field condi�ons remains a challenge due to 
the scale of manual phenotyping required and poten�al subjec�vity in selec�on criteria, an on-ground 
plot-level infrared thermal imaging was carried out during the on-set of FHB-infec�on in 2022 and 2023. 
Plot Level infrared thermal readings showed significant correla�on with FHB-Severity, FHB-Incidence and 
FHB-Index. K-Means clustering grouped a larger por�on of the evaluated genotypes with suscep�ble 
genotype Ambassador in both years. Since Infrared Thermal Imaging was able to delineate FHB-
resistance among breeding lines, we conducted genome wide associa�on for FHB-related traits and 
infrared thermal readings. Significant SNPs associated with FHB Severity were mapped in chromosomes 
2A, 3A, 3B, 4A, 5A, 7A, 7B, and 7D, while significant SNPs in chromosomes 2A, 5A, 6A, and 7A were 
mapped for FHB Index. We found a significant SNP coming from chromosome 2B associated with field 
level infrared thermal reading co-localized with a previously reported QTL for FHB resistance. Based on 
the results, infrared thermal imaging showed higher capacity to iden�fy suscep�ble genotypes over FHB-
Index. Further, incorpora�ng infrared thermal imaging increases efficiency and intensity in selec�ng 
puta�ve FHB-resistant wheat genotypes. Lastly, the study showed the poten�al integra�on of infrared 
thermal imaging with genome wide associa�on studies in iden�fying puta�ve SNPs associated with FHB 
Resistance.  
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Abstract 
Fusarium head blight (FHB) is an economically damaging fungal pathogen of wheat that can cause yield 
losses over 50%. Host resistance is one of the most effec�ve approaches for disease control, however 
�me, labor requirements, and human subjec�vity limit phenotyping efforts. In this study, a novel, high-
throughput phenotyping rover was deployed to capture in-field RGB images of inoculated wheat spikes 
throughout the 2021 and 2022 growing seasons. A deep neural network pipeline was developed to 
classify wheat spikes in the complex images, segment healthy and diseased �ssue, and calculate the FHB 
disease percentage as the region of intersec�on between the spike and disease masks. To validate the 
pipeline's accuracy, inferences generated by the model at both the plot and spike levels were compared 
with disease scoring performed by five human raters in the field and manual image analysis. Using the 
phenotyping rover and our developed FHB quan�fica�on pipeline surpassed conven�onal ra�ng 
methods in both precision and throughput. Aggregate plot-level disease scores derived from pipeline 
outputs strongly correlated with disease scores assigned by raters in the field and from image analysis. 
The pipeline disease annota�ons on single spike images correlated well to manual image annota�ons by 
raters, however there was a loca�onal bias for some images. The FHB pipeline displayed generalizability 
as it performed well across environments, camera angles, and disease progression. These results 
represent a significant advancement in FHB phenotyping, affording precise and efficient quan�fica�on of 
disease severity on a spike and plot level at a scale unachievable using current ra�ng methods.  
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Abstract 
Fusarium head blight (FHB), and its subsequent mycotoxin deoxynivalenol (DON), pose constant issues to 
cereal grains produc�ons. They also pose problems in the beer brewing process, where DON filtrates 
into the final product and causes a mul�tude of problems. The study presented here arises from the 
Ohio State University’s FHB nursery, where winter mal�ng barley lines are assessed for their response to 
FHB in the Ohio climate. The panel analyzed is part of a bigger project assessing a wide range of barley 
cul�vars for several agronomic and mal�ng quality traits. Our results indicate that there are interes�ng 
�es to heading date for disease and mycotoxin presence, and a link between climate moisture and 
mycotoxin levels. 
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Abstract 
Fusarium head blight (FHB) is a floral disease of cereal crops that decreases grain yield and quality and it 
is best controlled with the use of host resistance. However, wheat resistance to FHB has complex 
quan�ta�ve inheritance and no genotypes have been found to be absolutely resistant. Consequently, 
discovery, introgression, and pyramiding of FHB resistance genes have been the focus of wheat breeding 
programs worldwide. Recently, the FHB resistance gene, Fhb7, has been transferred via a 7BS.7BL-7E 
transloca�on from Thinopyrum elongatum to common wheat cul�var ‘Chinese Spring’. This study u�lized 
the F1 between ‘ND Allison’ and a resistant accession, XWC14-255-3-1, to ini�ate transfer of Fhb7 
through modified backcrosses to diverse hard red winter wheat (HRWW) genotypes. The first backcross 
was made to four different HRWW cul�vars. To confirm the presence of the transloca�on and the u�lity 
of its dominant STS marker (WGC2315), 81 B1F1 genotypes and parental controls were genotyped with 
the Illumina 90K SNP array and marker WGC2315. WGC2315 was detected in 36 B1F1 plants and co-
segregated with three SNP loci mapped to the reported region at the distal end of chromosome 7B, thus 
valida�ng both the loca�on and effec�veness of the STS marker. A single B1F1 heterozygote for Fhb7 with 
superior phenotype was selected for a second backcross to four HRWW parents, one of which was an 
Fhb1 homozygote. A third and final backcross was made to another five diverse HRWW parents to 
produce B3F1. Two final backcross parents had no known FHB resistance QTL, while the remaining three 
likely had “na�ve” FHB resistance from ‘ND Noreen’. The later three parents were each homozygous for 
markers of both Qfhb.rwg-5A.1 and Qfhb.rwg-5A.2. The B3F1 were tested for the presence of Fhb7 using 
marker WGC2315. B3F2 segrega�ng for the Fhb7 marker were planted for a final marker analysis. A 
recently published codominant STS marker set will be used to test all backcross parents and 322 B3F2 
individuals for the presence of Fhb7. In addi�on, the segregates and controls will be evaluated for FHB 
type II resistance (greenhouse) and tested with addi�onal markers for Fhb1, Qfhb.rwg-5A.1, Qfhb.rwg-
5A.2 and certain leaf, stem, and stripe rust resistance genes. The combined data will be used to iden�fy 
the promising B3F2 plants from which poten�ally useful resistance gene pyramids can be developed. 
Promising families will be used for ongoing early-genera�on inbreeding and breeding parents will be 
selected for use in upcoming rou�ne breeding crossing blocks. 
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Abstract 
Fusarium head blight (FHB) is a devasta�ng fungal disease of barley that nega�vely affects yield and 
grain quality. Barley grains infected with Fusarium graminearum accumulate the mycotoxin; 
Deoxynivalenol (DON), and if concentra�ons exceed the detectable levels, it can cause food poisoning 
and dras�cally reduce global market value. Growing resistant genotypes is the most environmentally 
friendly and effec�ve strategy to manage the disease. Genomic selec�on is an important genome-based 
breeding approach that can iden�fy resistant genotypes by predic�ng their gene�c merits with high 
accuracy. It can save costs associated with DON quan�fica�on and the establishment of specialized 
irrigated nurseries for FHB disease screening. Despite these poten�al advantages, it is important to 
op�mize the genomic predic�on models to accurately predict DON accumula�on. GBLUP is one of the 
preferred predic�on models for rou�ne genomic evalua�ons of genotypes because it exploits 
informa�on from rela�ves for predic�ons and has low computa�onal demand. However, its assump�on 
of the equal contribu�on of all loci to the gene�c variance is violated for traits such as DON, which is 
controlled by a defined number of quan�ta�ve trat loci. Weighted GBLUP (WGBLUP), which incorporates 
a trait-specific rela�onship matrix in place of the conven�onal G-matrix, is a modified approach for 
predic�ng breeding values and can account for devia�on from the GBLUP assump�on. Therefore, the 
objec�ves of this study were to (i) iden�fy the op�mal weigh�ng method for WGBLUP using results from 
genomic predic�on models (RRBLUP and BayesC), and (ii) compare the predic�ve ability of WGBLUP 
models and other models in the training and valida�on popula�ons of barley. Exis�ng phenotype and 
genotype data from the University of Minnesota barley breeding popula�ons were used. This study 
provides useful informa�on on the performance of WGBLUP and other models, as well as the 
appropriate weigh�ng strategy for the op�mal performance of WGBLUP. 
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Abstract 
Canada Western Red Spring (CWRS) wheat is highly desired globally for a wide variety of end-use in the 
wheat industry. Canada ranks fi�h in the world for hard red spring wheat produc�on, vast majority of 
which is produced in western Canada. Canada produces approximately 30 million metric tonnes of 
wheat, of which 20 million metric tonnes (67%) is exported, contribu�ng about $8 billion dollars to the 
Canadian economy annually. Majority of the spring wheat is grown in the prairie provinces where 
disease infesta�on is widespread. Fusarium head blight (FHB), caused by Fusarium graminearum, is one 
of the most devasta�ng diseases of wheat causing major yield losses, grade reduc�on, and grain toxicity. 
Currently, losses to the wheat industry in Canada due to FHB is up to $300 millions annually. Severe 
outbreaks happen frequently in the Canadian Prairies necessita�ng the need for management of FHB 
disease. Cul�va�on of wheat varie�es with sub-op�mum levels of resistance, which also act as an 
overwintering source of inoculum, is considered one of the main reasons of FHB disease outbreaks. 
Currently, a spring wheat AAC Tenacious and a winter wheat Emerson, are the only two varie�es rated 
resistant to FHB. Majority of the cul�vars currently grown are rated moderately-resistant or intermediate 
resistant. Breeding programs are currently accessing germplasm in the CWRS class with beter 
agronomics, end use quality and high levels of FHB resistance. The presenta�on will discuss the 
development of farm-ready FHB tolerant wheat varie�es using maker assisted selec�on and field 
phenotyping, which will mi�gate disease outbreaks, and reduce economic losses. The new varie�es are 
incorporated into the breeding programs as crossing parents to pyramid addi�onal sources of FHB 
resistance for sustainable management of the disease.  
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Abstract 
Fusarium Head Blight (FHB) is a major disease that can cause severe loss of grain yield and quality of 
durum wheat in the Northern Great Plain of US. Developing FHB resistant germplasm and cul�vars is the 
key to minimize the loss. Hundreds of QTL have been iden�fied for FHB resistance in wheat. A few of 
resistant alleles were found in elite durum wheat lines, but majority were found in bread wheat and wild 
rela�ves. Recurrent selec�on is an effec�ve way to increase frequencies of resistant alleles and to 
develop pre-breeding germplasm with improved FHB resistance. A base popula�on was developed using 
15 founders including five elite durum wheat breeding lines and 10 FHB resistant durum lines, where 
resistant alleles were introgressed from wild tetraploid wheat rela�ves or bread wheat. Four cycles of 
recurrent phenotypic selec�on were conducted from 2019 to 2023, one cycle per year. The FHB index 
was reduced from 82.3% in Cycle 0 to 48.5% in Cycle 4, proving that recurrent phenotypic selec�on can 
improve FHB resistance in the durum wheat popula�on. Genomic selec�on (GS) can speed up selec�on 
and increase gene�c gain in term of �me and cost. We evaluated genomic predic�on for FHB index using 
318 elite durum wheat breeding lines (including old cul�vars, modern cul�vars, and breeding lines from 
the NDSU durum wheat program) and 256 S0:1 lines from the recurrent selec�on Cycle 3 and Cycle 4 
popula�ons. The total 574 lines were genotyped using 40K SNP array, and a total of 4,048 SNP markers 
were obtained with missing values less than 10% and minor allele frequency greater than 5%. The 
marker data indicated litle decrease in gene�c diversity from the 15 founders to Cycle 4 popula�on. The 
318 elite durum wheat lines were evaluated in the FHB field nurseries in 2019, 2021, and 2023. Using 
rrBLUP model with cross-valida�on, the predic�on accuracies for FHB index, plant height, and days-to-
flowering were 0.51, 0.53, 0.79, respec�vely. Using the 318 elite breeding lines and 122 S0:1 lines from 
the Cycle 3 popula�on as training popula�on to predict the Cycle 4 popula�on, predic�on accuracies 
were 0.27, 0.39, and 0.63, respec�vely. Our results indicated that implemen�ng GS in the recurrent 
selec�on can poten�ally accelerate the gene�c improvement. 
 
 
  



 

2023 Na�onal FHB Forum Proceedings  Page | 80 

Variety Development and Host Resistance (VDHR) – Poster 
 
Pyramiding FHB Resistance Genes/QTL Using Marker-assisted Selection and Doubled 
Haploid in Hard Red Winter Wheat 
 
Shuyu Liu1, Zhen Wang1,2, Yahya Rauf1, Kyle Parker1,2, Li Paetzold1, Qingwu Xue1, Jackie C. Rudd1, Amir M. 
H. Ibrahim2, Russell Suton2, Jessica Rupp3, Sunish Sehgal4, Katherine Frels5, Xiwen Cai6, Gideon Marais7, 
and Mary Gu�eri8 
1. Texas A&M AgriLife Research and Extension Center, Amarillo, TX 
2. Department of Soil and Crop Sciences, Texas A&M University, College Station, TX 
3. Department of Plant Pathology, Kansas State University, Manhattan, KS 
4. Agronomy, Horticulture & Plant Science, Brookings, SD 
5. Dept. of Agronomy and Horticulture, University of Nebraska–Lincoln, NE 
6. USDA-ARS, Lincoln, NE 
7. Plant Science, Fargo, ND 
8. USDA-ARS, Manhattan, KS 
Corresponding Author: Shuyu Liu, Shuyu.Liu@ag.tamu.edu 
 
Abstract 
Several major Fusarium head blight (FHB) resistance genes, Fhb1, Fhb6 and Fhb7 have been iden�fied 
and u�lized in breeding programs. To improve FHB resistance in hard winter wheat (HWW) region, a 
coordinated project for introgressing these major genes into HWW adapted germplasm was funded by 
US Wheat and Barley Scab Ini�a�ve for 2 years. We have the first-year ongoing project cultured 2291 
embryos from haploid plants, a�er vernaliza�on, more than 700 seedlings were grown in the growth 
chamber to 3-5 �llers. A set of 707 plants were treated by colchicine at seedling stage then transplanted 
into big pot in the GH. So far 215 DHLs were harvested. We are expec�ng to harvest around 500 DHLs. 
For the 2nd year, we have requested more than 500 F1 and BC1F1 seeds from the eight collaborators. 
With the experiences from last few years, we are targe�ng to develop more than 1000 DHLs in this 
round. All DHLs are available to all HWW collaborators to conduct FHB research in gene�c and breeding. 
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Abstract 
Fusarium Head Blight (FHB) is a devasta�ng disease commonly affec�ng North American small grains, 
primarily caused by Fusarium graminearum. Although the disease causes visible symptoms, the more 
pressing concern is the contamina�on of grain with trichothecene toxins, especially deoxynivalenol 
(DON), which can cause toxicity in humans and animals by inhibi�ng protein biosynthesis. The DON 
levels are more cri�cal when breeding for resistance, but it does not account for pathogen infec�on and 
disease severity. To link DON and Fusarium infec�on, we op�mized and validated a real-�me mul�plex 
quan�ta�ve PCR (qPCR) protocol for high-throughput quan�fica�on of Fusarium biomass based on the 
Tri5 gene, which encodes trichodiene synthase, the first enzyme involved in trichothecene toxin 
produc�on. The primers and probes were designed to measure the abundance of Tri5 and normalized to 
the barley actin gene. The assay is repeatable, robust, and sensi�ve, up to 0.003 ng/ul of F. graminearum 
and 0.3 ng/ul of barley DNA. The method is cost-effec�ve and has the poten�al to quan�fy Fusarium 
biomass, monitor disease progression, and determine DON levels in barley spikes and harvested grains.  
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Abstract 
Fusarium head blight (FHB) poses a significant threat to winter wheat cul�va�on. Resistance breeding 
programs rely heavily on a limited number of larger-effect FHB resistance QTL that have been iden�fied, 
mapped, associated, and well-characterized with nearby markers. In addi�on, smaller-effect 
(background) resistance QTL may contribute moderate levels of “na�ve” resistance, yet these QTL are 
generally poorly characterized. The overall resistance of a genotype is determined by the combined 
ac�on of characterized as well as uncharacterized resistance QTL. FHB resistance can be improved by 
integra�ng, known larger-effect QTL through marker-aided introgression into genotypes with significant 
background resistance. This study aimed to iden�fy and u�lize well-adapted, advanced hard red winter 
wheat breeding lines with useful background FHB resistance QTL. A diallel trial consis�ng of 11 parents 
and 55 non-reciprocal F1 hybrids was tested for Type II FHB resistance in a replicated greenhouse 
experiment. Data were first analyzed following the Griffing analysis. Significant differences were detected 
among entries for disease severity (DS), general combining ability (GCA), and specific combining ability 
(SCA). The ra�o of GCA:SCA effects suggested that addi�ve QTL effects were of primary importance. The 
Hayman analysis provided addi�onal informa�on on the gene�c nature of the resistance QTL. Eight F1 
hybrids with the lowest DS resulted from crosses among the best general combiners. F2 of the later 
crosses were compared in a second-greenhouse FHB trial to iden�fy possible transgressive segregates. 
An arbitrary threshold DS of 14% was used to select a manageable number of the most promising F2 
plants for con�nued line development.  
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Abstract 
Fusarium head blight (FHB) is a serious threat to durum wheat produc�on due to its huge impact on crop 
yield and quality. Most cul�vated durum varie�es are suscep�ble to the disease and durum breeding 
programs have been challenged by limited sources of FHB resistance. Efforts have been devoted to 
iden�fy and introgress FHB resistance from tetraploid rela�ves of durum, such as emmer wheat, into 
adapted durum varie�es. However, the quan�ta�ve trait loci (QTL) controlling the FHB resistance in 
emmer wheat and introgression lines have not been well characterized. In this study, we aimed to 
iden�fy and map FHB resistance QTL in a popula�on of 186 recombinant inbred lines (RILs) derived from 
a cross between Joppa, a durum wheat cul�var, and LPA-4, a durum introgression line with FHB 
resistance derived from the Lebsock/PI 254188//Alkabo crosses. The popula�on was genotyped using a 
genotyping-by-sequencing (GBS) approach for discovery of single nucleo�de polymorphism (SNP) 
markers and phenotyped for FHB disease severity in greenhouse and field, and flowering date and plant 
height in field. A gene�c map with a total length of 1125.61 cM was generated with 757 unique SNP 
markers. QTL analysis iden�fied five LPA-4 derived QTLs for FHB resistance on chromosomes 1B, 3A 
(QTL3A-1 and 3A-2), 5B and 6B, which explained up to 14.1, 19.8, 10.7, 13.9 and 10.6% of the phenotypic 
varia�on for FHB disease severity, respec�vely. No QTL were iden�fied for flowering date. However, a 
major QTL for plant height was detected on chromosome 3A, which was mapped close to but not 
overlapped with the QTL for FHB resistance. This research will facilitate introgression of the iden�fied 
FHB-resistance QTL into durum wheat breeding programs. 
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Abstract 
Globally, Fusarium head blight (FHB) is one of the most devasta�ng fungal diseases of wheat. The use of 
resistant cul�vars is the most effec�ve way to reduce the adverse effects of FHB on yield and quality of 
wheat. However, the development of resistant cul�vars has been a challenge for breeders since FHB 
resistance is a complex trait and only a few resistance sources are available. Hence, there is a constant 
need to iden�fy new sources of resistance and we found HSD2-32 (2n=42) as a novel source of type II 
resistance to FHB in wheat. However, the complete informa�on of the gene�c markers linked with the 
genomic loci conferring FHB resistance in HSD2-32 is not available. Here we developed the F2 bi-parental 
popula�on of HSD2-32 x Chinese Spring for QTL mapping. The F2 popula�on was phenotyped for FHB 
resistance by point inocula�on. Genotype-by-sequencing was used for genotyping the F2 popula�on. 
Inclusive Composite Interval Mapping (ICIM) was done with Kosambi mapping func�on using QTL 
IciMapping Version 4.2 and linkage was considered to be established if a LOD score exceeds 3.0. We 
found puta�ve QTLs in Chromosomes 2D, 4A, 4B,4D and 7A. A total of 54 markers were designed 
covering all the posi�ons, out of which 8 chromosome specific markers were selected in 2D and 4A 
chromosomes that are linked with the QTL regions and these markers were validated using F3 contrast 
popula�on. Only one SNP marker in Chr2D (Chr2D_627128588) segregate in 3:1 ra�o. The experiment is 
progressing to develop more markers linked with these QTL regions having polymorphism across 
different gene�c background. Also, the popula�on is being forwarded to subsequent genera�ons to 
develop recombinant inbreed lines (RILs) by single seed descent method. 
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Abstract 
Gene�c resistance to Fusarium head blight (FHB) in barley is controlled by numerous quan�ta�ve trait 
loci (QTL) of rela�vely small effects that are o�en associated with agro-morphological traits such as spike 
morphology (two-row/six-row), heading date and plant height. Breeding for FHB resistance at the 
University of Minnesota has focused on genomic predic�ons to select complementary parent 
combina�ons, genomic selec�on of progeny in early genera�ons, followed by field screening in 
inoculated and mist-irrigated nurseries. Breeding to manipulate other traits in addi�on to resistance 
offers the opportunity to further reduce levels of deoxynivalenol (DON). Our program has already 
changed our focus from six-row to two-row barley in response to industry demand. Hulless or naked 
barley can reduce DON contamina�on in the grain by leaving the hull in the field. Winter barley matures 
earlier poten�ally avoiding exposure to Fusarium. This presenta�on will examine the poten�al of 
implemen�ng these diverse strategies to reach the overall goal of minimizing the risk of DON 
contamina�on in barley grain.  
 
Acknowledgment and Disclaimer 
This work was supported by grants from the USDA-NIFA OREI #2020-51300-32179 and USDA-ARS U.S. 
Wheat Scab Ini�a�ve #59-0206-2-150. We are grateful for the assistance of Ed Schiefelbein, Guillermo 
Velasquez, and John Hawkins for carrying out field trials. Any opinions, findings, conclusions, or 
recommenda�ons expressed in this publica�on are those of the author(s) and do not necessarily reflect 
the view of the USDA or USWBSI. 
 
 
  



 

2023 Na�onal FHB Forum Proceedings  Page | 86 

Variety Development and Host Resistance (VDHR) – Poster 
 
Identification of Fusarium Head Blight Resistance (FHB) in USA Wheat Breeding 
Programs 
 
Lawrence Tidakbi1, Guihua Bai2, Jessica L. Rupp Noller1, and Katherine W. Jordan2 
1. Kansas State University Department of Plant Pathology and Applied Wheat Pathology Lab, 

Manhattan, KS 
2. United States Department of Agriculture-Agriculture Research Services (USDA-ARS) Hard Winter 

Wheat Genetics Research Unit (HWWGRU), Manhattan, KS 
Corresponding Email: katherine.jordan@usda.gov; Email: l�dakbi@ksu.edu 
 
Abstract 
Fusarium Head Blight (FHB) is a major pathogenic fungal disease affec�ng wheat in the USA caused by 
Fusarium graminearum (Gibberella zeae), with a major economic impact on wheat produc�on and 
human health due to the produc�on of mycotoxins. Breeding for FHB resistance in adapted wheat 
varie�es is not trivial due to the complexity of the wheat genome and several minor effect alleles 
iden�fied in QTL studies. To successfully develop resistance wheat to FHB disease, diagnos�c markers for 
quan�ta�ve traits loci (QTLs) across the wheat genome need to be iden�fied to help pyramid promising 
resistance genes into adapted wheat varie�es in breeding programs. We are associa�ng phenotypic and 
genotypic data from a panel of 270 wheat cul�vars from across the US covering all market classes. The 
objec�ve is to iden�fy novel QTLs for wheat resistance to Fusarium and build a genomic selec�on (GS) 
model. Preliminary results show significant variability in phenotypic scab severity, the normalized area 
under the disease progressive curve (AUDPC), and fusarium-damaged kernels (FDK) across breeding 
lines, including some more resistant than the moderately resistant control. Addi�onally, ~15x sequencing 
data from these lines produced nearly 600,000 variants across the wheat genome for associa�on 
analyses and model building. Using best linear unbiased predictors (BLUP) values of our phenotypic traits 
(AUDPC & FDK); including DON of the first year, we mapped QTLs conferring resistance and suscep�bility 
alleles for FHB using this panel of wheat lines using mixed linear model genome-wide associa�on studies 
(GWAS). Markers closely linked to these resistance or suscep�bility QTLs will be developed into 
diagnos�c markers for marker-assisted selec�on of FHB-resistant wheat lines in breeding programs in 
Kansas and across the USA. 
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Abstract 
Fusarium head blight (FHB) may cause significant yield and quality losses of wheat, including Fusarium-
damaged kernels (FDK) and accumula�on of deoxynivalenol (DON) in seeds. Enhancing host resistance 
by exploring new resistance genes is the most cost-effec�ve approach for FHB management. Here we 
report the marker-assisted introgression of Thinopyrum elongatum (2n=2x=14, EE)-derived FHB 
resistance gene Fhb7The2 into adapted hard red spring wheat (HRSW) breeding lines for 
germplasm/variety development. Fhb7The2 is a novel FHB resistance allele of Fhb7 origina�ng from 
Thinopyrum species and has been transferred to ‘Chinese Spring’ wheat through a wheat-Th. elongatum 
7B-7E transloca�on (7BS·7BL-7EL), which was released as ‘WGC002’. Fhb7The2 confers Type II FHB 
resistance and may reduce DON accumula�on, as previously reported. In addi�on, Fhb7The2 is not 
associated with the linkage drag nega�vely impac�ng flour color from the Th. ponticum-derived Fhb7 
allele, making it more desirable for breeding programs. Highly diagnos�c sequence-tagged site (STS) and 
SNP-specific PCR allelic compe��ve extension (PACE) markers were developed to assist selec�on of 
Fhb7The2 in FHB resistance breeding efforts and have been efficiently applied in the development of 
adapted FHB-resistant wheat breeding lines. Three HRSW breeding lines with favorable agronomic and 
end-use quality traits were selected as recurrent parents to cross with WGC002 for Fhb7The2 introgression 
using a marker-assisted backcrossing (MABC) breeding pipeline. Four backcrosses u�lizing the PACE 
markers were conducted to develop Fhb7The2 introgression lines. The Fhb7The2 introgression lines and 
their recurrent parents were evaluated in the FHB nurseries at Lincoln, NE, and Fargo, ND in 2023 and 
rated for FHB severity (SEV), incidence (INC), and FDK. Disease evalua�on results indicated that the 
HRSW introgression lines with Fhb7The2 had significantly lower (P < 0.05) SEV and FDK than their 
recurrent parents. In addi�on, kernels of the introgression lines and their recurrent parents harvested 
from the FHB nurseries are presently being tested for DON accumula�on. Thus, Fhb7The2 enhances and 
diversifies FHB resistance in wheat. Moreover, the Th. elongatum 7EL segment containing Fhb7The2 is 
inherited as a single locus, which makes the MABC breeding highly effec�ve for Fhb7The2 introgression 
into other wheat backgrounds.   
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