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USDA-ARS Agreement #: 59-0790-7-078
Project 1: Diagnostic Testing Services for Deoxynivalenol in the Eastern United States.

1. What major problem or issue is being resolved relevant to Fusarium head blight (scab)
and how are you resolving it?

There is a growing need to develop and expand USWBSI diagnostic testing services for
mycotoxins throughout the United States. DON testing services are vital to the development
of new varieties of wheat and barley with reduced mycotoxin potential and are necessary to
identify and/or exclude appropriate strategies for managing FHB. FY10 DON testing services
at Virginia Tech provided analytical services necessary to develop new cultivars of wheat and
barley with reduced potential for DON contamination and to improve chemical and cultural
practices necessary to reduce DON contamination in wheat and barley.

2. List the most important accomplishment and its impact (i.e. how is it being used) to
minimize the threat of Fusarium head blight or to reduce mycotoxins. Complete both
sections (repeat sections for each major accomplishment):

Accomplishment:

In FY'10, DON was quantified from 9,750 samples (runs, internal checks (controls),
cooperative samples, and re-runs) of wheat and barley from three USWBSI investigators
(Schmale, Griffey, and Glover) in two states (Virginia and South Dakota). Most of the
samples tested in FY10 were 100g kernel lots from FHB field trials (Schmale, Griffey, and
Glover), but some were ground 0.25-5g samples from greenhouse experiments (Schmale).
We also processed samples associated with barley ethanol production in Virginia and a
cooperative project associated with the USDA ARS Sustainable Biofuels and CoProducts
Research Lab to reduce DON in barley ethanol co-products. Extraction, clean-up, and
quantification of DON were conducted following standard protocols using a GC/MS. DON
testing services were managed by a talented scientist (Niki McMaster) who was hired in
August, 2010 to manage USWBSI testing services. Niki McMaster and Diane Reaver visited
Michelle Mostrom’s lab and Paul Schwartz’s lab the week of September 20, 2010. Schmale
continues to be committed to the long-term management of a successful and productive
mycotoxin testing lab for the USWBSI.

Impact:

The goals of this work were to provide analytical services necessary to develop new cultivars
of wheat and barley with reduced potential for DON contamination and to facilitate DON
testing that will improve chemical and cultural practices necessary to reduce DON
contamination in wheat and barley. This work directly addresses Goal #1 of the Action Plan
to ‘Provide analytical support for DON/trichothecene quantitation for Initiative’s
stakeholders’. We are providing DON testing services for wheat and barley samples from
USWABSI investigators. Schmale routinely interacts with stakeholders in VA to discuss new
diagnostic technologies for DON and related management strategies for FHB, an effort
aligned with Goal #2 of the Action Plan to ‘Provide requisite information on DON/
trichothecene safety issues to producers, millers, researchers, risk assessors and regulators’.
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Project 2: Mycotoxin Potential and Aggressiveness of FHB Pathogens used for USWBSI
Research.

1. What major problem or issue is being resolved relevant to Fusarium head blight (scab)
and how are you resolving it?

USWBSI investigators often rely on a ‘favorite’ set of strains of FHB pathogens for their
field and greenhouse trials, yet little is known about the mycotoxin potential and
aggressiveness of these strains. Knowledge of the aggressiveness and mycotoxin potential of
FHB pathogens used in USWBSI research may assist in selecting appropriate strains for field
and greenhouse experiments and may help explain observed variations in FHB and/or DON
among field and greenhouse trials. We screened strains that have been used (or are currently
being used) in inoculations of field and/or greenhouse trials to support USWBSI VHDR
research. The aims of the project were to: (1) measure the aggressiveness of individual
strains on a series of susceptible and moderately-resistant cultivars of wheat and barley, (2)
determine the relative concentrations of trichothecene mycotoxins produced by these strains
following a series of controlled inoculations, and (3) identify individual strains to the level of
species, based on both biological and phylogenetic species recognition.

2. List the most important accomplishment and its impact (i.e. how is it being used) to
minimize the threat of Fusarium head blight or to reduce mycotoxins. Complete both
sections (repeat sections for each major accomplishment):

Accomplishment:

We received 44 strains of FHB pathogens from seven USWBSI investigators (P. Murphy, S.
Zong, P. Paul, T. Friesen, G. Bergstrom, C. Griffey, and G. Milus). Receipt, handling, and
transport of the strains were conducted under USDA-APHIS permit P526P-09-02605.
Trichothecene mycotoxin genotyping of the strains showed that all three genotypes
(3ADON/DON, 15ADON/DON, and NIV) were present in the collection of strains. Two
greenhouse experiments were conducted in FY10 to measure the aggressiveness of
individual strains on a susceptible cultivar of wheat (Glenn) and barley (Robust) and to
determine the relative concentrations of trichothecene mycotoxins produced by these strains
following a series of controlled inoculations. Three heads of wheat and three heads of barley
were point-inoculated (a single spikelet in the center of the head) with each of the strains.
Wounded non-inoculated plants served as controls. FHB severity ranged from 2 to 39%
(mean of 10.3% across all strains) for the barley trials 9 days following inoculation, and 0 to
90% (mean of 20% across all strains) for the wheat trials 14 days following inoculation. For
the strains that produced DON, concentrations of DON ranged from 0.7 to 117.8 ppm (mean
of 20.2 ppm) from harvested heads following the barley trials, and 0.2 to 164.4 ppm (mean
of 29.4 ppm) from harvested heads following the wheat trials. For the strains that produced
NIV, concentrations of NIV ranged from 1.0 to 12.0 ppm (mean of 4.8 ppm) from harvested
heads following the barley trials, and 0.2 to 2.6 (mean of 1.6 ppm) from harvested heads
following the wheat trials. Portions of three genes have been amplified for all of these
strains, and sequencing and phylogenetic analysis continue to associate these strains with the
proper species of Fusarium (e.g., Fusarium graminearum sensu stricto).
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Impact:
The project directly addresses Goal #1 of the Action Plan to “Characterize genetic variation

in the pathogen population with regard to aggressiveness toward plants and mycotoxin
potential’. We screened strains representing nearly a decade of FHB research in the U.S. Our
greenhouse assays and mycotoxin profiling suggest that the strains used by USWBSI
researchers (at least those tested in this study) vary in aggressiveness and mycotoxin
potential. This knowledge may assist in selecting appropriate strains for field and greenhouse
experiments in the future and may help explain observed variations in FHB and/or DON
among field and greenhouse trials.

Project 3: Within-Field Inoculum from Corn Debris and the Management of FHB/DON.

1. What major problem or issue is being resolved relevant to Fusarium head blight (scab)
and how are you resolving it?

Our experimental objective was to quantify the relative contribution of within-field corn
debris as an inoculum source of Gibberella zeae for Fusarium head blight and DON
contamination in eleven variable wheat environments in 2010, all in regions where corn is
the predominant crop in the agricultural landscape and corn debris is left on the land surface
over large areas. Our research is based on the hypothesis that spores of Gibberella zeae that
are deposited on wheat spikes and that result in Fusarium head blight come primarily from
well-mixed, atmospheric populations in an area. The research was conducted in commercial-
scale wheat fields in Illinois, Missouri, Nebraska, New York, and Virginia, each following a
non-susceptible crop. Replicated (six) microplots containing corn debris from a nearby field
or no added debris were set out in each field and were separated by a minimum of 100 ft in
each dimension. Wheat spikes above each microplot were rated at soft dough stage for FHB
incidence, severity, and index. At grain maturity, at least 100 spikes from each microplot
were harvested, dried and shipped to Cornell where grain was threshed from a subsample of
spikes and sent to the assigned USWBSI Testing Lab for DON analysis. Mature spikes from
each microplot were also suface-disinfested and plated on Fusarium selective media to
determine the incidence of spikes infected by G. zeae.

Characterization of epidemics over the 11 environments differed through the lenses of visual
symptom development, incidence of mature spike infection, and toxin contamination. At
every location except Chatham, VA, more than 20% of mature spikes were infected by G.
zeae, regardless of the degree of symptom development at soft dough stage or the level of
DON observed. This suggests that post-anthesis infection was quite common across
environments in 2010. Based strictly on FHB index at soft dough, we observed five moderate
epidemics (in Illinois, Missouri, and Nebraska) and six mild epidemics (in Nebraska, New
York, and Virginia). On the other hand, three of the moderate epidemics, based on
symptoms, were associated with toxin levels above 2 ppm. Mean DON levels in the no-
debris microplots were 2.9 ppm in Urbana, IL, 4.4 ppm in Columbia, MO, and 12.2 ppm in
Novelty, MO, and there was detectable DON at every site except Chatham, VA. Across the
11 environments, there was significantly (P=0.05) higher DON in grain from corn debris
microplots (1.8 ppm) than from no-debris microplots (0.2 ppm) only in Bath, NY. Itis
especially noteworthy that DON levels were not significantly higher in corn debris
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microplots than no-debris microplots in any of the high DON locations, suggesting the
predominance of regional atmospheric inoculum in those locations. FHB incidence, severity,
or index was not significantly (P=0.05) higher in corn debris-containing than no-debris
microplots in any of the 11 fields at soft dough stage. And only at Wilbur, NE did mature
wheat spikes from microplots containing locally overwintered corn debris show a statistically
significant increase in infection incidence by G. zeae over those from microplots with no
corn debris.

2. List the most important accomplishment and its impact (i.e. how is it being used) to
minimize the threat of Fusarium head blight or to reduce mycotoxins. Complete both
sections (repeat sections for each major accomplishment):

Accomplishment:

The astounding result is that DON levels did not differ significantly between corn debris and
no debris microplots in 20 of the 21 winter wheat environments studied over two years. The
single exception was in Bath, New York in 2010, an isolated valley environment with less
surrounding grain corn acreage than other locations. It is especially noteworthy that DON
levels were not significantly higher in corn debris microplots than no-debris microplots in
any of the high DON locations, suggesting the predominance of regional atmospheric
inoculum over within-field inoculum in severe epidemic circumstances.

Impact:
By inference of our results over two years and 21 winter wheat environments, it appears that

elimination of corn debris from single wheat fields in major corn-producing regions may
have rather limited benefits in terms of reducing FHB and especially of reducing DON
contamination of grain. One caveat regarding this interim conclusion is that the microplot
experimental design (small area sources of corn debris) we used may have resulted in an
underestimation of the contribution of large area sources of corn debris to wheat infection
and DON contamination. Much larger replicated plots will be necessary to definitively
assess the quantitative contribution of corn debris to local wheat infection and DON
accumulation on an agricultural field scale. This is the approach being taken in the FY11
project by Bergstrom et al and being conducted in wheat fields in seven states.
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Include below a list of the publications, presentations, peer-reviewed articles, and non-peer
reviewed articles written about your work that resulted from all of the projects included in
the grant. Please reference each item using an accepted journal format. If you need more
space, continue the list on the next page.
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FY10 FPR - USWBSI ADDENDUM
DON Service Labs — Quality Control Data

Insert below Quality Control Data/Results from the FY10 Award Period (May 10-May 11):

Quality control data was collected at Virginia Tech in the following ways: (1) the blind testing of
samples with unknown DON levels (coordinated by J. Gillespie , NDSU), (2) the blind testing of
samples for a barley cooperative project (coordinated by Andrea Stern, ASBC technical
committee), and (3) the testing of subsamples of grain lots from the Mostrom Lab in each
GC/MS run with low, medium, and high DON (to test for consistency among GC/MS runs).
Known standards are run throughout the the GC/MS run to establish our standard curves.

(1) Blind testing of samples with unknown DON levels (coordinated by J. Gillespie , NDSU).
We participated in the blind testing of two separate sets of blind samples during the funding
period, but we have only received the results from J. Gillespie for one set. Comparitive data was
provided by J. Gillespie via email (James.Gillespie@ndsu.edu). Lab ID ‘S’ is the Virginia Tech
lab (highlighted in grey).

a. Barley 90 and Malt 90

Lab ID Method Sample Results (ppm DON)
A GC/ECD Barley 90 3.95
Malt 90 0.63
D Diagnostix Barley 90 5.36
Malt 90 0.52
F GC/IMS #1 Barley 90 4.68
Malt 90 0.40
F GC/MS #2 Barley 90 4.66
Malt 90 0.41
I DON 2/3 Barley 90 4.80
Malt 90 0.70
J Barley 90 11.80
Malt 90 1.70
M EZ-TOX Barley 90 6.00
Malt 90 0.29
O] EZ-TOX Barley 90 4.38
Malt 90 0.50
Q EZ-TOX Barley 90 4.03
Malt 90 0.37
S GC/MS Barley 90 4.32
Malt 90 0.44
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b. Barley 91 and Malt 91

Lab ID Method Sample Results (ppm DON)
A GC/ECD Barley 91 0.18
Malt 91 8.19
D Diagnostix Barley 91 0.25
Malt 91 10.40
F GC/MS #1 Barley 91 0.28
Malt 91 5.33
F GC/MS #2 Barley 91 0.30
Malt 91 5.54
I DON 2/3 Barley 91 0.10
Malt 91 8.10
J Barley 91 0.60
Malt 91 17.10
M EZ-TOX Barley 91 0.41
Malt 91 3.93
(@) EZ-TOX Barley 91 0.42
Malt 91 5.52
Q EZ-TOX Barley 91 0.17
Malt 91 4.98
S Barley 91 0.42
Malt 91 5.24

(2) Blind testing of samples for a barley cooperative project (coordinated by Andrea Stern,
ASBC technical committee). Comparitive data was provided by A. Stern via email
(Andrea.Stern@malteurop.com). Lab ID ‘G3’ is the Virginia Tech lab (highlighted in grey).

Sample Pair Sample Pair Sample Pair
Collaborator 1 2 3 4 5 6
Gl 2.55 1.8 0.39 0.43 0.84 0.82
G2 2.45 1.8 0.38 0.43 0.86 0.76
G3 2.86 2.8 0.29 0.5 0.98 0.96
G4 3.15 2.54 0.44 0.67 1.13 1.22
G5 3.5 2.8 0.4 0.59 0.98 1.03
Mean 2.902 2.347 0.379 0.522 0.956 0.957
Grand Mean 2.625 0.451 0.957

GC Assay Method (Malt-13) for Detecting Deoxynivalenol (ppm) in Malt
Sample Pair Sample Pair Sample Pair

Collaborator A B C D E F
Gl 0.26 0.33 0.65 0.52 0.96 0.76
G2 0.25 0.32 0.59 0.54 0.97 0.75
G3 0.18 0.22 0.32 0.52 0.91 0.64
G4 0.15 0.22 0.4 0.36 0.93 0.64
G5 0.18 0.27 0.39 0.35 0.93 0.7
Mean 0.201 0.269 0.469 0.457 0.939 0.696
Grand Mean 0.385 0.709 1.704
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(3) Testing of subsamples of grain lots from the Mostrom Lab in each GC/MS run with low,
medium, and high DON (to test for consistency among GC/MS runs). Samples were wheat pool
(WP), barley pool (BP), and corn pool (CP). The expected range determined by the Mostrom Lab
was: 0.8 to 1.3ppm (mean 1.0 ppm) for WP, 2.5 to 3.2 ppm (mean 2.9 ppm) for BP, and 4.0 to
5.2 ppm (mean 4.6 ppm) for CP. Our data is reported as the mean with errors bars +/- the
standard deviation of data from 68 runs.

DON data for Internal Checks (Mostrom Lab Samples) During FY10
6.00

5.00

— 4.00

w
o
S

DON (ppm

g
o
S

1.00 -

0.00 -

WP BP Cp




