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ABSTRACT

Certain endospore-forming bacteria in the genus Bacillus are able to antagonize Fusarium graminearum
in laboratory, greenhouse, and field-plot studies. We have worked with four strains of Bacillus spp. (likely
related to Bacillus amyloliquefaciens and/or Bacillus subtilis) that have demonstrated ability to antagonize
this wheat pathogen. Research has not yet entirely elucidated the mechanism of the antagonism, but it is
probably due at least in part to bacterial antibiotics, such as cyclic lipopeptides in the iturin family. Itis
known from the literature that iturin production is enhanced in some growth media and suppressed in others.
We have cultured these bacterial strains in potato dextrose broth (PDB), a complex medium containing
glucose which may suppress iturin production to some degree. We have also cultured the Bacillus spp. in
the defined broth medium of Besson et al. lacking glucose, containing mannitol, glutamic acid and inorganic
salts. Bacterial cell numbers in this original formulation were lower than desirable for application of cells to
wheat plants, so a modification of the original medium was used increasing the mannitol by 2.3 times, and
increasing the glutamic acid by 2.1 times. After 10 days of growth in the modified broth medium with
increased carbon and nitrogen sources, bacterial strain 1BA grew to over 10 times the optical density it
achieved in the initial medium formulation. Plate count data also showed better growth of 1BA in the
modified defined medium having elevated carbon and nitrogen, with plate counts of 10° CFU/ml or greater
in the richer formulation, and plate counts that were orders of magnitude lower in the original growth me-
dium formulation. Higher numbers of cells in the modified defined growth medium should allow better
coverage of bacterial cells sprayed onto wheat surfaces when these bacteria are used in biocontrol trials. In
addition, plate assays were done to see whether pure iturin would antagonize F. graminearum, and if the
defined broth media in solidified form allowed the bacteria to antagonize the fungus. Purified iturin Awas
found to inhibit F. graminearum at a concentration of 40 pg/ml applied to a paper disk, challenging growth
of the fungus on Potato Dextrose Agar. Analysis of extracts of broth cultures in defined media by absorp-
tion spectroscopy and HPL.C indicated that iturin-like compounds were produced by all four Bacillus
strains we have studied. Better understanding of the productioin of iturin and other compounds that might
actin concert with iturin would allow better understanding and use of these and related bacteria as
biocontrol agents to control FHB.
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West Lafayette, IN 47907-2054
“Corresponding Author: PH: (765) 494-4651; E-mail: shanerg@purdue.edu

OBJECTIVES
To identify fungicides that are effective for control of Fusarium head blight.
INTRODUCTION

Until wheat cultivars with a high and consistent degree of resistance to Fusarium head blight become
available, fungicides may be a useful tool for maintaining yield and grain quality under conditions conducive
for the disease. Fungicides currently registered for use on wheat in the U.S. are not highly effective against
head blight nor for prevention of accumulation of deoxynivalenol (DON) in grain. This study was part of a
cooperative effort to identify effective fungicides that will both reduce severity of head blight and accumula-
tion of DON.

MATERIALSAND METHODS

Fungicide trials were conducted at 2 locations in Indiana during 2003. At the Purdue Agronomy Center for
Research and Education (ACRE) near West Lafayette, IN, wheat cultivar Patterson, treated with
DividendExtreme and Reldan 4E seed treatment, was drilled at 7.5-in. row spacing on 26 Sep 02. At the
Southeast Purdue Agricultural Center (SEPAC), near North Vernon, IN, wheat cultivar Patterson was
drilled at 7.5-in. row spacing into disked corn stalks on 21 Oct 02. Before seeding at ACRE, 50 Ibs /A of
N was broadcast and incorporated. Plots were top-dressed on 22 Mar at 90 Ib/A of N. Prior to planting at
SEPAC, the field was fertilized with 524 Ib/A of 7-17-38. Plots were top dressed with ammonium sulfate
on 10 Mar at 90 Ib/A of N. Harmony Extra at 0.5 fl 0z/A was applied in early spring at both locations for
weed control. Corn stalks were spread at ACRE between rows of wheat prior to heading to provide
inoculum of Gibberella zeae. Plots at ACRE and SEPAC were 20 ft long and 5.5 ft wide. An intermittent
mist-irrigation system was operated at ACRE in the plots from 13 May, when heads were in the boot stage,
through the mid dough stage. Both experiments were randomized complete blocks with 4 replications.
Rainfall at ACRE for the week prior to heading and 2 weeks past flowering was 1.7 in. Average high
temperature for the same period was 69°F and average low temperature was 50°F. Rainfall at SEPAC
was 3.1 in. during the same period, average high temperature was 72°F, and average low temperature was
54°F. Disease developed from natural inoculum. Fungicides were applied with a CO,-pressurized back-
pack sprayer and hand-held boom fitted with TJ 8001VS nozzles (12-in. spacing) that delivered 332 gpa at
40 psi. There were 2 nozzles at each drop, that directed the spray from the sides of the heads. Fungicides
were applied at early boot stage (GS 45) on 7 May, head emergence (GS 59) on 10 May, beginning of
anthesis (GS 61) on 15 May, and full anthesis (GS 63) on 22 May at ACRE. Fungicides were applied at
SEPAC on 14 May at mid flowering (GS 63). Intensity of foliar disease was visually estimated on a whole-
plot basis. Incidence of Fusarium head blight (FHB) was estimated by counting the blighted heads in 10
arbitrarily selected 1-ft lengths of row. We estimated severity of blight as the average percentage of spikelets
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blighted on those heads that showed any blight. From the product of incidence and severity, we calculated
an FHB index. Plots were harvested with a plot combine, on 14 Jul at ACRE and on 26 Jun at SEPAC.
Grain was dried to 13 % moisture after which yield and test weight were measured. The frequency of
Fusarium-damaged kernels (FDK) was determined by counting the number of such kernels in a sample of
100 kernels from each plot. We also determined the frequency of infection in kernels that were visually
sound. We surface sterilized 25 healthy-looking kernels from each plot for 2 min in 5% bleach solution
(0.2625 % sodium hypochlorite) and then rinsed them in sterile water for 1 min. These seeds were placed
on Komada’s medium, incubated at 25°C and examined for F. graminearum growth after 5 days. We
ground 100 g of kernels from each plot and sent the coarse flour to Dr. Pat Hart at Michigan State Univer-
sity for DON analysis.

RESULTS AND DISCUSSION

Weather conditions at ACRE were conducive to a moderate development of FHB. The supplemental mist
irrigation promoted severe blight in this trial. All fungicide treatments, even those applied at the boot stage,
reduced incidence (Table 1). Only the JAU6476 and VV-10116 treatments applied during flowering reduced
severity of blight. Most treatments reduced the number of FDK. Several treatments applied at flowering
reduced DON level in grain. Three treatments increased yield significantly. Test weights were low in this trial
and not improved by any treatment. Lodging was severe, and this, as much as head blight, contributed to
low test weight. At SEPAC, all treatments reduced FHB incidence, but as at ACRE, JAU6476 and V-
10116 were most effective (Table 2). By the time of the second assessment, incidence and severity had
increased in all treatments, but several treatments were still superior to the unsprayed control.

Harvest was interrupted by rain at SEPAC, and some plots were never harvested. \We were able to obtain
samples from each treatment for analysis of FDK and DON. FDK values and DON were quite high at
SEPAC, but 2 treatments reduced DON by more than 34%. Folicur did not reduce DON at either location.
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ABSTRACT

Cryptococcus nodaensis OH182.9 is a naturally occurring wheat anther colonist. Application of OH182.9
to wheat at anthesis reduced Fusarium head blight (FHB) severity by 56% and doubled 100-kernel weight
in field trials. Confirmation of the ability of OH182.9 to survive on wheat heads prior to anthesis would
support the possibility of applying OH182.9 earlier in crop development without sacrifice to efficacy.
Biomass of OH182.9 was produced in liquid culture and applied to field and greenhouse grown wheat just
prior to and during early anthesis. Populations of OH182.9 on extruded anthers were monitored for 10-12
d after application and on kernels harvested from treated heads. Significant populations of OH182.9 were
recovered from all treated plants indicating that OH182.9 is able to survive in the absence of anthers. A
significant increase in OH182.9 populations 4-8 d after application was observed suggesting that OH182.9
reproduced on the head. OH182.9 was recovered on kernels of treated wheat. Results of studies will be
presented.
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“Corresponding Author: PH (605) 688-5157; E-mail: draper.marty@ces.sdstate.edu

ABSTRACT

Fusarium head blight (FHB —scab) has been a serious concern for wheat producers in South Dakota for
ten years. The objective of this study was to continue to evaluate the efficacy of various fungicides and
fungicide combinations for the suppression of Fusarium head blight and other wheat diseases. Two hard red
spring wheat cultivars, Oxen and Ingot, were planted at three South Dakota locations (Brookings, Groton,
and South Shore/Watertown). Data were collected from two of three spring wheat study sites, Groton and
Brookings, SD. Conditions were extremely dry at the third site and little disease developed. The winter
wheat study site South Shore, was lost due to dry conditions at seeding. Trial treatments were all from the
Uniform Fungicide Trial treatments list for the suppression of FHB and included an untreated check, Folicur
at4 floz/A, JAUGAT76 at 5.7 fl oz/Aand 5.0 fl 0z/A, JAU6476 at 3.6 fl 0z/A + Folicur at 4 fl oz/A, and V-
10116 at 6 or 8 fl 0z/A. Trials were planted in a factorial randomized complete block design with six
replications. Trial treatments were applied at anthesis. The following day, the crop was challenge inoculated
with 10* macroconidia/ml of Fusarium graminearum ‘Fg4’. The plots were misted for five minutes out of
every twenty over a 14 days period. Twenty-one days following treatment, plots were evaluated for leaf
diseases, FHB incidence, FHB head severity, and FHB field severity. Samples were collected for Fusarium
damaged kernels (FDK), deoxynivelanol (DON), grain yield, test weight, and protein. At Brookings, all
treatments significantly reduced leaf disease as measured by a whole plot, green leaf rating. When assessed
by percent necrotic leaf tissue, only the low rate of JAU6476 was inferior. Similarly, leaf rust was signifi-
cantly reduced by all treatments except JAU6476. While head severity of FHB was not reduced by any
treatment, incidence and total disease were significantly reduced by all treatments. FDK was generally not
affected. Yield and test weight were increased by all treatments. Similar trends resulted at Groton. All
treatments significantly reduced leaf disease as measured by a whole plot, green leaf rating or percent
necrotic leaf tissue. Leaf rust was only controlled by V-10116 at the high rate. While head severity of FHB
was not reduced by any treatment, incidence and total disease were significantly reduced by all treatments.
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2003 UNIFORM TRIALS FOR THE PERFORMANCE OF BIOLOGICAL
CONTROLAGENTS IN THE SUPPRESSION OF FUSARIUM
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Plant Science Department, South Dakota State University, Brookings, SD 57007; 2Biology and Microbiology
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Agronomique de Toulouse, Auzeville-Tolosane, France, - F 31326
“Corresponding Author: PH: (605) 688-5157; E-mail: draper.marty@ces.sdstate.edu

INTRODUCTIONAND OBJECTIVES

Biological control agents (BCAs) have several advantages in the suppression of Fusarium head blight (FHB
or scab). When organic crops are grown, fungicide options are not available and crops such as barley are
susceptible over a long period of time following head emergence and before maturity. As such, biological
control has a good fit for FHB management under those conditions.

The objectives to this study were to evaluate the efficacy of various BCAs relative to the standard fungicide
comparisons for the suppression of Fusarium head blight on wheat and barley.

MATERIALSAND METHODS

‘Robust’ barley was planted in a randomized complete block design with six replications and ‘Oxen’ hard
red spring wheat were planted in a factorial randomized complete block design with four replications, both
at Brookings, SD. Both spring wheat and barley were protected with isolates of Bacillus subtilus-type
isolates SDSU-1BA and SDSU-1BC each of which were grown in either a potato dextrose broth or a
defined medium intended to increase the production of iturin while reducing factors that might support
growth of Fusarium on the plant surface; Cryptococcus nodaensis OH 182.9; Bacillus-type isolate
TrigoCor 1448, and; Lysobacter sp. strains ‘C3”and ‘7A4’. The BCAs were compared to a standard
chemical treatment of Folicur (4 fl/oz/A) applied with Induce non-ionic surfactant (0.125%).

At initial anthesis of wheat or full head emergence of barley, the BCAs were applied to the heads as a spray
of the growth medium + agent and allowed to dry. The following day, the plants were challenge inoculated
with 10* macroconidia/ml of Fusarium graminearum ‘Fg4’. The plots were also treated with Fg4 grown
oncorngrain inoculum.

Following challenge inoculation, a misting cycle was started for 5 minutes out of every 20 minutes, 24 hours
aday for 14 days.

RESULTSAND DISCUSSION
During the inoculation period, the environment was very hot and dry, but the moisture was retained on the

heads between misting cycles. No misting was done before heading, so the corn grain inoculum had a
minimal influence. No differences were detected among the FHB disease measurements in either study
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(Table 1 and 2). Similarly yields were not impacted by the treatments, including the fungicide treatment.
However, DON was significantly reduced by the addition of TrigoCor 1448 as compared to the untreated
control. For some reason, Folicur resulted in a significantly higher DON content and OH 182.9, SDSU
1BA and 1BC from either growth media resulted in significantly lower DON content as compared to the
Folicur treatment.

Table 1. Disease control and yield components on spring wheat at Brookings®.

Fusarium Head Blight (FHB)

. Test .
Treatment Incidence? 1€ | gex? DON FODK Yield Porotem
(%) gzglerlty (%) (ppm) (%) (bu/A) (Ib/bu) (%)
Untreated 13.0 8.4 1.1 1.1 5 34.7 46.8 16.0
Folicur + NIS 14.0 8.9 1.2 1.5 5 34.6 47.3 15.9
TA4 15.0 9.1 1.4 1.4 4 34.3 46.3 16.1
C3 18.0 10.3 1.8 1.2 45 33.8 46.5 15.9
Trigo Cor 1448 21.3 9.2 2.1 0.5* 53 34.1 44.0 16.1
1 BA (defined) 19.0 9.6 1.9 1.1 4 34.0 45.1 16.1
1BC (PDB) 125 8.6 1.0 1.0 45 34.6 47 .4 15.9
1 BA (PDB) 125 7.3 0.9 1.0 4 35.8 46.0 16.0
1 BC (defined) 14.0 13.0 1.7 0.9 35 36.1 48.2 15.9
OH 182.9 11.0 8.4 0.9 1.0 4 34.9 46.0 16.0
LSD (P=0.05) NS NS NS 0.4 NS NS NS NS
CVv 295 35.5 47.2 7.4 22.5 7.4 3.9 1.2

! Measurements of leaf disease were not significant.

ZIncidence indicates the percentage of heads with any level of infection.
3 Head severity indicates the percentage of disease on infected heads.
“Index indicates Incidence * Severity.

Table 2. Disease control and yield components on barley at Brookings 2003
Fusarium Head Blight (FHB)

1 . Test .
Treatment Incidencet! gead ity? Index? (DOrl:l]) zgﬁllg\) Wt (Po;oc))teln
(%) (()Z‘)’e” ' (%) PP (Ib/bu)

Untreated 69.5 95 6.5 3.0 85.6 40.0 12.2
Folicur + NIS 64.0 8.5 5.7 3.4 89.0 40.4 12.4
7A4 66.5 7.0 4.8 3.7 96.1 39.1 12.9
C3 64.0 11.3 7.5 2.9 88.2 40.1 12.3
Trigo Cor 1448 75.5 8.1 6.2 3.8 88.5 40.0 12.3
1 BA (defined) 71.5 8.9 6.6 2.8 89.3 40.2 12.7
1BC (PDB) 67.0 10.2 6.9 2.9 90.7 39.1 12.5
1 BA (PDB) 64.0 8.0 51 3.3 88.2 40.7 12.7
1 BC (defined) 67.5 12.0 8.3 3.2 87.1 41.0 12.5
OH 182.9 62.5 7.0 4.5 2.9 87.9 40.1 13.0
1BA 68.5 9.1 6.1 2.7 935 39.0 12.8
Untreated 67.0 9.0 6.0 4.1 86.7 39.5 12.3
Untreated 62.0 7.2 4.3 2.8 83.8 40.7 12.4

LSD (P=0.05) NS NS NS 0.9 NS NS 05

CV 14.8 33.0 40.7 21.1 6.5 3.6 27

1 Measurements of leaf disease were not significant.
ZIncidence indicates the percentage of heads with any level of infection.
3 Head severity indicates the percentage of disease on infected heads.

4Index reflects Incidence * Severity.
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GROUND SPRAY SYSTEMSAND SPRAY PARAMETER
EVALUATION FOR CONTROL OF FUSARIUM HEAD
BLIGHT ONAFIELD SCALE BASIS
S. Halley™, G. Van Ee?, V. Hofman?, S. Panigrahi® and H.Gu?

!Langdon Research Extension Center, North Dakota State University, Langdon, ND 58249; 2Dept. of
Agricultural Engineering, Michigan State University, East Lansing, M1 48824; and *Dept. of Agricultural &
Biosystems Engineering, North Dakota State University, Fargo, ND 58105
“Corresponding Author: PH: (701) 256-2582; E-mail: shalley@ndsuext.nodak.edu

OBJECTIVES

Evaluate field scale spray systems with differing application technologies for enhanced control of Fusarium
head blight (FHB).

INTRODUCTION

The production industry, growers and commercial pesticide applicators, often question the validity of
research using small scale equipment. In the scientific community the validity of research methods receive
constant review and revision. Reasons for using small scale equipment include a) parameter control, includ-
ing reducing variance attributed to soil difference, b) the extensive time necessary to calibrate large spray
booms, and c) the cost of the equipment necessary for conducting a research trial. At the request of the
chemical and biological committee, and in response to the production industry, a trial was implemented at
the Langdon Research Center to compare field scale spray systems and address the research from an
interdisciplinary approach with collaboration between the agricultural engineering community and the plant
pathology community.

MATERIALSAND METHODS

A study was planned as a randomized complete block design (RCBD) arranged as a factorial replicated six
times to determine differences between spraying systems with differing application technologies with empha-
sison droplet size. Due to limitations among the spray systems and time constraints to equate droplet size
parameters necessary for the factorial, the data was analyzed as a RCBD. A foundation seed production
field, planted to Alsen, was selected for the suitability of plot layout to the spray systems, soil uniformity
(Cavour-Cresbard loam), and the site’s proximity to the mixing and other facilities of the station. Four
replicates had previous crop small grains and two replicates were previous crop potatoes. The site was
partitioned into 72 plots 35 x 60 feet to accommaodate the field scale equipment. All units sprayed each
individual replicate and did an end run around the trial to the front to align for the subsequent replicate and
to minimize potential of drip contamination to other plots. About 20 ft from the front and backside of each
plot was swathed and discarded from all disease assessment and harvest results. Harvest data was collected
from the interior 20 feet of the spray area from each respective unit with a Hege small plot combine. Rec-
ommended, NDSU Extension Service, HRSW production practices for the northeast North Dakota were
followed. A Fusarium spawn was hand broadcast on each individual plot three weeks prior to flowering at
about 300 grams per plot. FHB was visually assessed by sampling 20 spikes per plot and counting the
spikes per head and the infected kernels per spike 20 days after spray application. Data is reported as
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incidence and (field) severity. Yield, test weight, and protein were determined on all plots and the percent
deoxynivalenol (DON) was determined on three replicates after it was determined from the untreated plots
that DON was present. Coverage parameters were assessed by including a Day Glo orange fluorescent dye
mixed at 3% v/v with the spray solution. Twenty spikes were collected from the first replicate of each
treatment, transported to North Dakota State University in Fargo, photographed under incandescent and
UV light on both sides of the spike to determine the area covered by the spray solution from each spraying
system. Prior to spraying three sampling stands, with water and oil sensitive paper at grain heading height
(1 x 2.75” cards, Spraying Systems Co.), were oriented horizontal and vertical back to back east-west
and north-south and spaced to collect spray pattern samples from each spray unit. DropletScan, a product
of WRK, Inc. and Devore Systems Inc., was used to analyze the water sensitive cards and generate a
report. The field scale sprayers, technical assistance, and operation were provided by AGCO Corporation
(Chris Mohning) and Hardi Inc. (Richard Hundt). Technical assistance and operation of a plot scale sprayer
previously provided by Spray-Air Technologies Ltd. was provided by Bob Dawes of Degelman Industries.
Afourth unit utilized a Proptec system (Ledebuhr Industries Inc.-WWW.PROPTEC.COM) on one boom
and a Spraying systems hydraulic flat fan nozzle system mounted on a double swivel with nozzles angled 30
degrees downward from horizontal and oriented forward and backward on the opposite boom. The unit
was provided and operated by Dr. Gary Van Ee, Agricultural Engineer from Michigan State University. The
five spray units each sprayed two treatments and were compared to two untreated checks for a total of 12
treatments. The technical representatives were encouraged to operate their respective system as close to
optimum performance conditions for one spray treatment and readjust the equipment to change droplet size
as much as possible within the limitations of each spraying system. Dye and water were provided for testing
prior to the trial initiation. A CCD camera was available for visual assessment of the coverage. Sprayers and
parameters included:

1) AGCO’s ESP (Energized Spray Process). The spray solution is delivered through a hydraulic
spray boom mounted on a Spray-Coupe. The spray solution is energized with a negative electric
charge (40,000 volts) that is attracted to the positively charged wheat spike. The charge creates a
high-intensity electrostatic field between the nozzle and the plant that increases spray velocity and
attracts the solution to the plant. The ESP sprayed fungicide at 10 gpa through XR8003 nozzles
operating at 60 psi and XR8002 nozzles operating at 110 psi. No adjuvant was added to the spray
solution by recommendation of the company representative.

2) Hardi Commander Plus 1200 80 ft Twin Force with Mustang 3500 Rate Controller. The
spray solution is delivered by hydraulic nozzles, 1ISO yellow #2 110° tips, which spray into an air
stream that delivers the solution to the target. The air stream, generated by a centrifugal fan and
dispersed through a bag type manifold, was angled forward 30 degrees. Spray solution was deliv-
ered at 15 gpa to both treatments, nozzles spaced 20 inches 22 to 24 inches above the canopy.
One treatment was sprayed at 45 psi with fan speed operating at 1750 rpm which would deliver a
droplet size of between 160-240 volume mean diameter (VMD). The second treatment sprayed at
100 psi with fan speed of 2300 rpm which would produce a VMD of 160-240 VMD. Greater
pressure should produce the droplets in the lower end of the VMD range.

3) Spray-air Technologies Ltd. The spray solution was delivered by CO, pressurized system.
The solution was dispersed through a metering orifice at 27 psi spaced 10 inches apart angled 15
degrees forward from vertical at 9 gpa. The droplet is formed by wind shear picking the drop off
the end of an orifice in the center of the air stream. The speed of the wind stream determines the
droplet size with greater wind speed (increased static pressure) producing smaller droplets. The air
stream is generated by a centrifugal fan and dispersed by a manifold to individual orifices.
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4) Ledebuhr Industries Proptec. This system produces an air stream generated by hydraulic
driven axial fans spaced 48 inches apart. Blade pitch is adjustable. The spray solution is delivered
by hydraulic pump through a metering orifice. The droplet is generated by a rotary atomizer spinning
at approximately 5400 rpm. The Proptec atomizer was operated at approximately 2000 psi with a
4 gpm hydraulic flow rate delivering spray solution at 10.4 gpa. This system generates an extremely
fine droplet (approximately 125 micron VMD) in a 40 to 50 mph air stream.

5) Conventional F+B. The control system utilizes hydraulic nozzles, XR8001, angle 30 degrees
downward and oriented to deliver the spray solution forward and backward to spray both sides of
the spike. The nozzles were operated at 40 psi delivering 10.4 gpa spray solution.

The spray solution consisted of Bayer’s experimental fungicide JAU 6476, prothiaconazole. This fungicide
was selected because of its linear disease reduction as rate increases. Arate of 2.85 oz/acre, half the
recommended rate, was used to measure differences between the spraying systems and application technol-
ogy parameters. Induce adjuvant was mixed with all solutions at 0.125% v/v except the ESP sprayer. A
mixing error reduced the fungicide rate in both treatments of the Hardi system by approximately 20% to a
rate of approximately 2.3 oz/acre. Data was analyzed with the general linear model (GLM) in SAS. Least
significant differences (LSD) were used to compare means at the 5% probability level.

RESULTS AND DISCUSSION

Spray application began at about 1:15 p.m. after the foliage had dried sufficiently to permit data collection.
The final treatments were concluded by 6:00 p.m. Average wind speed ranged from 8.3 to 10.2 mph with
occasional gusts exceeding 15 mph. Wind direction was WSW. Spray application commenced traveling
from east to west minimizing drift between plots. Air temperatures ranged from 72 to 78° Fand R.H.
decreased from 65 to 55 % over the application period. FHB incidence was reduced by several of the
treatments including both Spray-air and conventional treatments, the ESP with XR8003 nozzles with the
coarse droplets, the Hardi with the fine droplets, and the Proptec angled at 45egree angle compared to the
untreated (Table 1). Field severity and leaf disease was reduced by all fungicide applications compared to
the untreated. The recommended conventional system had smaller leaf disease levels than the other conven-
tional treatment. The Spray-air (fine droplet), both Hardi treatments, and the Electrostatic with coarser
droplets had smaller leaf disease levels compared to the conventional system 36 inches above target, and
the Proptec system angled 45 degrees downward. Both Spray-air systems had increased yield over the
untreated, the conventional 36 inches above the target, and the Proptec angled 70 degrees downward. No
significant differences were measured in test weight or protein. Deoxynivalenol (DON) levels were reduced
below 0.5 ppm by all fungicide applications.

Total spike coverage was reduced by about %2 when the conventional sprayer was operated above recom-
mended height and by ¥2 when the angle of the Proptec was increased from 45 to 75 degrees (Table 1).
Spike coverage on the front side ranged from a high of 63% with the conventional unit at recommended
height to 13% on the Proptec angled 70 degrees downward. The greatest backside coverage was also the
conventional at recommended height at 25% and the smallest coverage on the conventional 36 inches above
target (3%) and Proptec 70 degrees downward.
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CONCLUSION

This trial demonstrated the three major spray solution delivery systems, electrostatic, air stream, and hy-
draulic and further demonstrated three principal methods of spray atomization: hydraulic, wind sheer, and
the rotary. The study indicates that operation and adjustment of each of the spray systems can affect one or
more disease components and yield parameters. Water sensitive paper analysis indicated less but similar
coverage compared to spike measurement (Table 2). The varying VMD indicates a wide range of choices
between spraying systems and some variability when parameters of each individual spraying system
changed. In most treatments a smaller droplet size was deposited on the back side of the deposition card
compared to the front side indicating that a factor other than inertial impact contributed to deposition on the
backside of the papers. Each of the spraying systems offers latitude to change application parameters as
shown by GPA determinations from the conventional and Proptec systems (Table 2). Similar assessment
can be made from the horizontal placed water sensitive paper which would affect leaf coverage and possibly
leaf disease control (Table 3). Proper adjustment and operation is imperative to maximize the efficiency of
all the systems. Coverage on the untreated indicates minimal intra plot spray drift.

One must conclude that all sprayers in this test successfully delivered the necessary fungicide dose to
minimize disease infection. In the future, additional reductions or a range of fungicide rates may be necessary
to measure sprayer differences. Measurement of the spray parameters indicates that further study to identify
optimal adjustment factors to maximize spray coverage and fungicide efficacy should be undertaken. Evalu-
ation on the appropriate fungicide rate for spray system and spray system parameter study should also be
undertaken.
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OBJECTIVE

The objective was to evaluate acommon set of foliar fungicide treatments, across a range of environments, for
effectiveness in managing Fusarium head blight (FHB) and deoxynivalenol (DON) accumulation in wheat.

INTRODUCTION

FHB is a potentially devastating disease that can result in serious economic losses for wheat producers, millers and
endusers of wheat products. Inaddition, grain contaminated with DON, a mycotoxin frequently associated with
FHB, can cause health problems in both humans and livestock. Thus, identifying fungicides that significantly reduce
FHB incidence and severity in the field, and DON accumulation in harvested grain, would have widespread
benefits to growers and endusers of all market classes of wheat. The Uniform FHB Fungicide Trials were estab-
lished as a means of evaluating fungicide treatments that may be useful in FHB management programs, nationwide.

MATERIALSAND METHODS

Scientists from 11 states conducted 24 trials across a range of wheat classes (Table 1). Six fungicide treatments
and a non-treated check where evaluated in each trial. All treatments were applied at early flowering (Feeke’s
stage 10.51) using a CO?-pressurized sprayer, equipped with Twinjet XR8001 nozzles mounted at a 60° angle
backward and forward. Many of the trials were inoculated with Fusarium graminearum and mist-irrigated in
order to promote sufficient disease pressure and allow for discrimination among treatments. Plot size, crop
husbandry, spray volume and pressure, sprayer type, and number of replications varied by location. Consult
individual state trial reports for details. For all trials, FHB incidence, severity, index (i.e., plot severity), and
Fusarium-damaged kernels (FDK) were measured using a more or less standardized protocol. DON accumula-
tion was measured by one of the two USWBSI-funded DON Testing Laboratories.

Data were grouped and statistically analyzed according to whether they involved spring or winter wheat. Loca-
tions were treated as replications in the analysis. In a few instances, more than one wheat class or variety where
grown at the same location. These were treated as separate experiments for the purposes of this summary. The
non-treated control was not included in analyses for percent control in order to determine if there were significant
differences among fungicide treatments.

RESULTSAND DISCUSSION

Spring Wheat- Data from eleven spring wheat trials are summarized in Table 2. FHB pressure was highly
variable across locations. All treatments significantly lowered FHB incidence, severity, index and FDK compared
to the non-treated control. Conversely, DON values were only reduced for the JAU6476 + Folicur combination
treatment and both treatments of V-10116. Generally, Folicur applied at 4.0 fl 0z /A was the least effective
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fungicide treatment tested. However, no fungicide treatment consistently provided greater than 50% control of
FHB or DON accumulation. Percent control values ranged from 32.1% to 66.5% across fungicide treatments
and FHB parameters.

Winter Wheat- Data from nine winter wheat trials are summarized in Table 3. FHB pressure was heavy in most
trials. All treatments significantly lowered FHB incidence, severity and index compared to the non-treated check.
Conversely, no treatment resulted in significant control of FDK and only JAU6476 applied at 5.7 fl oz significantly
lowered DON compared to the check. There were minimal performance differences among fungicide treatments
for any parameter except DON accumulation, where significant differences were noted among treatments. In
particular, Folicur at4 fl oz provided significantly less DON control than other treatments, except for V-10116 at
8fl oz. No fungicide treatment consistently provided greater than 40% control of FHB or DON accumulation.
Percent control values ranged from 6.8% to 48.1% across fungicide treatments and FHB parameters.

Spring and Winter Wheat Comparison- When data were averaged by spring or winter growth habit, fungicide
efficacy expressed as percent control, was significantly greater in spring wheat than in winter wheat (Table 4). The
reason for this difference is unknown. It could be an artifact of the higher disease pressure in winter wheat trials, or
it may be due to the longer grain-filling period associated with winter wheat crops. A longer gain-filling period
would require fungicides to control FHB over a longer period of time. In any event, the possibility that fungicides
are more effective in spring wheat should be monitored as it could play a significant role in fungicide label activities
and/or the development of FHB management programs.

SUMMARY

Six fungicide treatments and a non-treated check were evaluated in 24 trials across 11 states as part of the 2003
FHB Uniform Fungicide Trials. Generally, all fungicides reduced FHB and DON compared to the check, but only
minimal differences were detected among fungicide treatments. No fungicide treatment was found to be “head and
shoulders” above the rest, and no active ingredient, fungicide combination, or rate consistently provided greater
than 50% control of FHB or DON accumulation. Fungicides were significantly more effective managing FHB and
DON in spring wheat than they were in winter wheat.

Table 1. States, principal investigator, institution, wheat class evaluated, and number of
tests conducted, 2003 Uniform Fungicide Trial.

State Pl Institution Wheat class* No. trials
AR Gene Milus Univ. of Arkansas SRRW 1
IN Greg Shaner Purdue Univ. SRRW 2
MD  Arv Grybauskas Univ. of Maryland SRRW 1
MI Pat Hart Michigan State Univ. SRRW 1
MO  Laura Sweets Univ. of Missouri SRRW 2
MN  Char Hollingsworth Univ. of Minnesota HRSW 1
ND Marcia McMullen North Dakota State Univ. Durum 2
HRSW 4
NY Gary Bergstrom Cornell Univ. SWwWw 1
OH Pat Lipps Ohio State Univ. SRRW 1
SD Martin Draper South Dakota State Univ. HRSW 6
Durum 1
VA Erik Stromberg VPI and State Univ. SRWW 1

*SRWW = Soft red winter wheat
SWWW = Soft white winter wheat
HRSW = Hard red spring wheat
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Table 4. Percent control of FHB and DON for combined fungicide treatments from eleven
spring wheat and nine winter wheat trials, 2003 Uniform Fungicide Trials.

% CONTROL RELATIVE TO NON-TREATED CHECK

Wheat Type Incidence  Head Severity _ Index FDK DON

Spring Wheat 40.3a* 63.3a 41.6a 37.9a

Winter Wheat 26.2b 40.4b 28.0b 26.1b
+22.9 +13.6 +5.9

Spring Advantage (%) +14.1

*Means followed by a common letter are not significantly different
(P=0.05, Student-Newman-Keuls); statistics were performed on arcsine-transformed data.
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OBJECTIVE

The objective of this report was to summarize the performance of Folicur in FHB Uniform Fungicide Trials since
1998.

INTRODUCTION

Folicur 3.6F (38.7% tebuconazole, manufactured by Bayer CropScience, Kansas City, MO) has been granted
an emergency exemption (section 18) to manage Fusarium head blight (FHB) and deoxynivalenol (DON) in one
or more states since 1999. In 2003, Michigan, Minnesota, Montana, North Dakota and South Dakota applied
for, and were granted, an emergency exemption for this use. Asignificant FHB outbreak in several mid-Atlantic
and Midwvest states has resulted in additional states evaluating the possibility of applying for a Folicur section 18 in
an attempt to manage future FHB/DON problems. This summary is a direct response to requests for information
on how Folicur has performed in research plots since 1998. This report ISNOT asummary of all available data
onthe use of Folicur to manage FHB/DON; however, it is felt that a sufficient quantity of data has been summa-
rized to accurately indicate the past and probable future effectiveness of Folicur for FHB/DON management.

MATERIALSAND METHODS

Data used in this summary were gleaned from 1998-2003 Proceedings of the National Fusarium Head Blight
Forum, and from various individual reports where Folicur was evaluated for FHB management. For each report,
percent control of FHB variables was calculated as follows:

% Control = non-treated mean — Folicur mean / non-treated mean x 100

Percent control for each variable in each test was classified into one of ten incremental ranges, and an overall
percent control by Folicur was calculated.

RESULTSAND DISCUSSION

Folicur applied at early flowering suppressed FHB symptoms and DON accumulation in wheat (Table 1).
Overall, Folicur reduced FHB field symptoms (i.e., disease index) by about 40%. Lower levels of control (~30%
control) were associated with the grain quality variables, Fusarium damaged kernels (FDK) and DON. When
data were classified into incremental ranges of percent control (Table 2), it was clear that efficacy results were
highly variable across tests and years. This variability may be due to overwhelming disease pressure in some trials,
and possibly greater efficacy in spring wheat than winter wheat (see 2003 Uniform FHB Fungicide Trials report).
Suppression of FHB and DON by Folicur is well below the industry standard for fungicide efficacy of 90+%.
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Nonetheless, due to the lack of a more effective fungicide for FHB management, Folicur is considered by some
individuals to be a valuable FHB/DON management tool.

SUMMARY

Inresearch plots, Folicur suppressed, but did not control (by industry standards), FHB symptoms and DON
accumulation inwheat when applied at early flowering.

Table 1. Percent control of Fusarium head blight and DON by Folicur compared to the

non-treated check as gleaned from spring and winter wheat research reports, 1998 -
2003*

Average % control for Folicur relative to the non-treated check wheat

Incidence**  Severity Index FDK DON
19.7 22.5 394 26.7 27.4

* Data summarized primarily from 1998-2003 Proceedings of National Fusarium Head
Blight Forums.

**Incidence = proportion of heads with any FHB symptoms

Severity = % florets diseased for heads showing FHB symptoms (excludes heads without
FHB symptoms).

Index = FHB plot severity = incidence x severity

FDK = Fusarium damaged kernels

Table 2. Distribution of percent control by Folicur relative to the non-treated check
for FHB variables among the tests summarized in this report.

Number of individual test means in each range

Range of

Control Incidence Severity Index FDK DON
0-10% 24 22 5 8 10
11-20% 9 8 4 10 2
21-30% 13 5 6 5 11
31-40% 12 16 5 0 9
41-50% 3 3 11 7 6
51-60% 4 2 7 4 5
61-70% 0 2 7 0 2
71-80% 1 0 2 1 0
81-90% 0 0 1 1 2
91-100% 0 0 0 0 0
Number of

Tests 66 58 48 36 47

*Data summarized primarily from 1998-2003 Proceedings of National Fusarium
Head Blight Forums.

**Incidence = proportion of heads with any FHB symptoms

Severity = % florets diseased for heads showing FHB symptoms (excludes heads
without FHB symptoms).

Index = FHB plot severity = incidence x severity

FDK = Fusarium damaged kernels

DON = Deoxynivalenol
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PERFORMANCE EVALUATION OF AERIALAPPLIED FUNGICIDES
V. Hofman?, S. Halley®*, S. Panigrahi* and H. Gu*

tAgricultural and Biosystems Engineering, North Dakota State University, Fargo, ND 58105;
and 2Langdon Research Extension Center, North Dakota State University, Langdon, ND 58249
“Corresponding Author: PH: (701) 256-2582; E-mail: shalley@ndsuext.nodak.edu

ABSTRACT

Fusarium head blight has caused considerable economic damage to small grain crops in the U.S. and
Canada. This has caused producers to spray their fields with fungicide, which has produced mixed results
over the years by both aerial and ground application. About 50% of the fungicide is being applied by air,
and aerial applicators are looking for answers to improve application methods.

Two aerial application trials were completed in eastern North Dakota during the 2003 growing season.
These trials were completed in producer fields near St. Thomas and Hunter, ND. Replicated spray applica-
tions were completed at the growth stage (Feekes 10.51) recommended for optimum fungicide efficacy.
Plots were 100 ft. or more in width and either 850 or 1000 ft. in length. Four treatments were compared to
an untreated check at both locations. The treatments included applying fungicide in one application and
making two passes across a field in opposite directions at one half fungicide rate and at one half the amount
of carrier. Both spray applications were conducted with large and small droplets. Multiple applications were
theorized to improve the coverage to both sides of the grain head. Folicur fungicide was applied at 4 fl.oz./
ac. in all treatments in both trials. A harvest sample was obtained by cutting one combine header width near
the center of the plot over the length of the plot. Yield data was computed from plot weights recorded from
aweigh wagon. Asub-sample was taken from the weigh wagon to test for deoxynivalenol (DON), test
weight, and protein. No significant differences in FHB incidence, field severity, DON level, leaf disease,
yield, test weight, and % protein were measured at St. Thomas. Significant differences in FHB incidence,
yield and test weight were measured at the Hunter site. Coverage data was obtained by adding a food
grade fluorescent dye to the spray tank and using an ultra-violet light to illuminate the dye on the grain heads.
The spike coverage data did show a significant difference at Hunter but not at the St. Thomas site. Spray
drop size information was obtained by using WRK DropletScan . This gives the VMD (volume median
diameter) drop size, area of coverage and an estimate of the gallons per acre applied based upon the spray
drops on water sensitive cards. In 2003, FHB infection was very low.
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UNIFORM FUNGICIDE TRIALS ON FHB OF WHEAT
AND BARLEY IN MINNESOTA
C.R. Hollingsworth™ and C.D. Motteberg

Univ. of Minnesota Northwest Research and Outreach Center, Crookston, MN 56716
“Corresponding Author: PH: (218) 281.8627; E-Mail: holli030@umn.edu

OBJECTIVE

To provide a non-biased evaluation of experimental Fusarium head blight (FHB) chemical control products
for hard red spring wheat and spring barley. Cooperatively, the multi-state uniform fungicide trial effort will
indicate which fungicide compounds are most effective in reducing disease severity across diverse environ-
ments.

INTRODUCTION

Fusarium head blight was originally described more than a century ago (Stack, 2000). Since that time the
disease has been responsible for severe and repeated epidemics on small grain crops (Sutton, 1982;
McMullen etal., 1997; Steffenson, 1998; Windels, 2000) that have resulted in billions of dollars in crop
losses (McMullenetal., 1997; Wood, 2002). The disease is a constant threat to the economic stability of
small grain growers in production areas with rain, humidity or heavy dews during critical fungal infection
periods (McMullen, 1997).

Successful infection of FHB pathogens is largely dependent on weather conditions. Cultural disease man-
agement strategies (i.e.: crop rotation, tillage and field sanitation) have offered producers partial control.
Likewise, moderate disease control has been achieved with fungicide application. Ongoing research of new,
experimental fungicides is needed to further reduce small grain crop yield and quality losses from FHB.

MATERIALSAND METHODS

Wheat and barley experiments were planted in randomized complete block designs with four replicates at
the Northwest Research and Outreach Center in Crookston on 28 April 2003. Cultivars ‘Oxen’ hard red
spring wheat and ‘Robust’ spring barley were seeded at 1.25 mil. live seed/acre and 1.375 mil. live seed/
acre, respectively. Plots were inoculated with 250 g of Fusarium graminearum infested corn grain five
weeks after planting. Night-cycle mist irrigation was initiated the day after inoculation and continued until
plants began to senesce. Misting was discontinued temporarily during the growing season when weather
events caused standing water at the testing site. Weeds were controlled as needed.

Treatments were applied to wheat nine weeks after planting [Feekes 10.51 growth stage (early flowering)]
and to barley eight weeks after planting [Feekes 10.4 (early heading)]. Foliar applications were made with
a CO, backpack type sprayer adjusted to 40 psi at 18-20 gpa with forward and backward facing nozzles.
Disease severity responses were noted 22 and 25 days after treatment application from wheat and barley,
respectively. Tests were harvested 15 weeks after planting.

Fusarium head blight severity was estimated based on the visual scale from Stack and McMullen (1995),
while percent visually scabby kernels (VSK) was estimated using a set of standards provided by R. Jones
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based on his recent publication (Jones and Mirocha, 1999). Percent leaf disease was estimated using
James (1971). Grain sample deoxynivalenol (DON) levels were determined by the University of Minnesota
Toxicology Lab in St. Paul utilizing the gas chromatography/mass spectrometry (GC/MS) method.
ANOVAs were performed with SAS using PROC GLM. Fisher’s protected least significant difference
(LSD) mean comparisons were used to identify statistically different treatments.

RESULTS AND DISCUSSION

Hard Red Spring Wheat: Weather conditions during anthesis were conducive for F. graminearum
infection and disease progression. As expected, the nontreated control had the most severe disease re-
sponse for all categories tested (Table 1). In seven of the nine categories noted, the JAU6476 + Folicur
treatment significantly reduced FHB and leaf disease. Compared with other treatments, V-10116 6 fl. oz.
had most reduced VSK and DON levels and most increased 1000-kernel weights. Those treatments
controlling disease to a lesser extent were VV-10116 8 fl. 0z., JAU6476 5.0 fl. 0z., and JAU6476 5.7 fl. oz.
The least effective fungicide treatment at controlling FHB was Folicur 4 fl. oz.

Spring Barley: Severe weather conditions during Feekes growth stage 10 (booting) caused plants in all
replicates to lodge. Plant lodging occurred approximately five days before treatments were applied. There-
fore, data must be ‘weighed’ against the ‘percent plot lodged’ rating (Table 1) before assessing treatment
effectiveness. Control plots had the least plants lodged (58.8%) which resulted in reduced disease severity
compared with Folicur 4 fl. oz. treated plots (81% lodged). In four of nine parameters noted, the three
JAUG476-containing treatments (JAU6476 5.0 fl. 0z.; JAU6476 5.7 fl. oz.; and JAU6476 + Folicur)
significantly reduced FHB and leaf disease. Compared with other treatments, V-10116 8 fl. oz. controlled
FHB head severity, FHB field severity, and DON levels to the greatest extent in spite of its 80% lodging
score.
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Table 1. FHB and leaf spot disease responses from *‘Oxen’ hard red spring wheat in Crookston,
MN.

Fusarium Head Blight

. HS? I FS VSK DON LDS® Yield  Test Wt.
Treatment %) (%) () (%) (ppm) (%) _ (bu/A) _ (Ib/bu)
Nontreated control .............. 59 98.5 35.7 175 15.0 3.4 52.0 53.8
Folicur 3.6FE 4 floz .............. 4.3 91.5 18.9 8.0 11.2 2.1 65.9 55.4
JAU6476 480SC 5.7 floz... 3.6 73.0 13.9 10.0 12.9 2.4 64.4 55.5
JAU6476 480SC5.0floz... 3.6 85.0 11.9 5.0 11.3 2.0 72.0 57.3
JAUG476 480SC 3.6 fl oz +
Folicur 3.6F4floz .............. 3.1 73.5 8.7 5.0 9.1 1.7 73.9 57.3
V-10116 1.67SC6fl 0z ...... 35 84.0 11.8 45 6.7 2.2 73.1 56.9
V-10116 1.67SC 8fl oz ...... 3.8 83.0 14.0 5.0 7.4 1.8 74.0 56.5
LSDo,s 0.3 16.5 10.1 4.8 3.2 0.3 8.4 1.2

!Each fungicide treatment included 0.125% Induce. Treatment abbreviations are HS: head severity; I: incidence; FS:
field severity; VSK: visually scabby kernels; LDS: leaf disease severity.

2Square root transformation.

3Log transformation. Foliar diseases consisted of Stagonospora blotch (Stagonospora nodorum) and Tan spot
(Pyrenophora tritici-repentis)

Table 2. FHB and leaf spot disease responses from ‘Robust’ spring barley in Crookston, MN.
Fusarium Head Blight

) % Plots Hs® I FS DON LDS* Plump Yield Test Wt
Treatment Lodged® (%) (%) %)  (Ppm) (%)  Kernels  (pyjac)  (Ib/bu)
Nontreated control .................... 58.8 4.8 100 24.7 36.2 2.7 73.2 88.4 41.6
Folicur 3.6F 4 fl 0z ................... 81.3 5.6 100 35.4 37.8 2.9 71.9 90.4 41.2
JAU6476 480SC 5.7 fl 0z ........ 86.3 4.6 100 24.1 25.5 2.7 76.6 96.1 42.6
JAU6476 480SC 5.0 fl 0z ........ 775 4.1 100 19.1 28.2 2.7 78.1 104.1 425
JAU6476 480SC 3.6 fl 0z +
Folicur 3.6F 4 fl 0z .................. 86.3 43 100 21.7 23.1 2.5 76.2 95.4 42.1
V-10116 1.67SC 6 fl 0z ........... 63.8 4.6 100 23.7 28.0 2.7 76.8 93.5 41.8
V-10116 1.67SC 8fl 0z ........... 80.0 4.0 100 171 225 2.6 75.9 99.8 42.3
LSDg05 0.4 NS NS 8.0 0.4 NS NS NS

Each fungicide treatment included 0.125% Induce. Treatment abbreviations are as follows: HS: head severity; I:
incidence; FS: field severity; VSK: visually scabby kernels; LDS: leaf disease severity.

“Severe weather caused plants to lodge between 21-24 June, 2003; approximately five days before treatments were
applied. Plot lodging assessments were taken six weeks after plants went down.

$Square root transformation.

“Log transformation. Foliar diseases consisted of Septoria speckled leaf blotch (Septoria passerinii and
Stagonospora avenae f. sp. triticea), net blotch (Pyrenophora teres) and spot blotch (Cochliobolus sativus).
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DIFFERENTIAL RESPONSE OF BARLEY, HARD RED SPRING WHEAT,
AND DURUM WHEAT TO MULTIPLE FHB INFECTIONS
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*Corresponding Author: PH: (701) 231-7627; E-mail: mmcmulle@ndsuext.nodak.edu

ABSTRACT

Wheat is most vulnerable to infection by Fusarium graminearum during anthesis, while spring barley
becomes vulnerable to infection at early head emergence. If prolonged periods of favorable weather for
infection occur after these growth stages, multiple infections may occur, resulting in lower yield and quality
and higher deoxynivalenol (DON) than a single infection at optimum infection timing. Greenhouse studies in
Fargo in 2001-2002 showed that with multiple infections, split applications of reduced rates of Folicur
(tebuconazole) across multiple growth stages in spring wheat and durum did not significantly improve
disease control over a single treatment of the full label rate applied at anthesis; ie. one optimum timing of
fungicide may be sufficient in these two crops. However, in these trials, FHB field severities were only
moderate for spring and durum wheat (untreated 13.3%, 34.1%, respectively), and very low in barley
(untreated 2.8%). Additional tests were needed to determine response under more severe disease pres-
sure.

In 2003, hard red spring and durum wheat, and spring barley were exposed to single or multiple (2 to 3)
inoculations and fungicide applications in the greenhouse: prior to flowering (Feekes 10.3); early flowering
(Feekes 10.51); or kernel watery ripe (Feekes 10.54). F. graminearum (10,000 spores/ml) was atomized
onto grain heads at the test growth stage. For fungicide treatments, Folicur or AMS21619
(prothioconazole, Bayer experimental) was applied approximately four hours before inoculation, either at full
rate or half rate, using a track sprayer equipped with XR8001 flat fan nozzles oriented forward/backward at
60° from the vertical. After inoculation and fungicide applications, plants were placed in a mist chamber for
48 hours and then returned to the greenhouse. Disease severity was evaluated at the soft dough stage.

FHB field severity in 2003 was greater (untreated up to 77%) than in the 2001-2002 tests. The higher level
of disease provided greater separation of treatment effects. For hard red spring and durum wheat, a single
full rate application of either fungicide at anthesis, in combination with three separate inoculations, provided
similar FHB control to the two half rate applications of either fungicide in combination with two inoculations
(58% vs 61% reduction). However, in barley, if three inoculations were applied, a single fungicide applica-
tion applied at early full head emergence could not control the disease; disease levels were 26-38% higher
than the untreated check exposed to two inoculations. Thus, multiple infection events in barley may have to
be controlled with split applications of fungicide at multiple timings, whereas in spring wheat and durum, a
single application of the full rate of fungicide may be adequate for FHB reduction.
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OBJECTIVE

Assess promising aerial application practices and methods that could increase spray deposits on wheat
heads.

INTRODUCTION

Fusarium head blight (FHB) has emerged as a major disease of wheat and barley in several major small
grain production regions in the U.S. Cultural practices, resistant cultivars, and fungicides have made only
limited impact on managing the disease (Parry et al. 1995). General observations from the literature show
limited effectiveness and erratic results from fungicide applications to control FHB (Milus and Parsons

1994, Wilcoxson 1996, Shaner and Buechley 1999, and Gilbert and Tekauz 2000). This suggests that
there are a number of factors that influence effectiveness of fungicidal applications that must be more thor-
oughly understood and coordinated before producers can rely on chemical control as an effective tool in
FHB management. More detailed studies of these factors are needed to provide producers with options for
effectively managing this disease of wheat and barley.

In the absence of robust disease control measures such as resistant cultivars and effective cultural or biologi-
cal control practices, it is likely that some of the more conventional approaches could be optimized to help
provide producers with technologies for FHB management or control. Spraying and dusting pest and
disease control agents have been practiced in many crops for many years. Aerial application is an economi-
cal and effective means of applying materials to large acreages in a timely manner. Access and crop damage
from other distribution means can also necessitate aerial application. Timeliness of application of chemical
control materials is often a factor in effectiveness of the measures undertaken. Aerial application methods
have been optimized and used more extensively in insect and weed control practices than in disease man-
agement. Itis reasonable to expect that aerial application methods can be optimized for application of
fungicides to wheat and barley heads for control of FHB. Numerous studies have been reported on optimi-
zation of aerial application practices for pest control in cotton, corn, and weeds and brush (Bouse et al.
1992, Carlton et al. 1995, Hoffmann et al. 1998, and Kirk et al. 1988, 1992, 1998 and 2001). Similar
approaches were proposed to optimize aerial application technologies for improved deposition of disease
control materials on wheat heads.

MATERIALSAND METHODS

Based on experience with aerial application and consultation with FHB researchers, aerial application
methodologies were selected to assess technologies that could offer improved spray deposits on wheat
heads. These methodologies were implemented in three field studies in 2003. The aerial treatments were
applied with an Air Tractor AT-402B (Figure 1) in 3-replication randomized blocks, with individual treat-
ment plots of 3 to 5 acres. Aircraft hardware and spray performance variables were documented based on
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ASAE Standards (2003), S327.2 FEBO3 and S572 AUG99. These standards define Volume Median
Diameter, (D, ), Droplet Spectra Classification (DSC), and other pertinent spray parameters. \Weather
parameters were monitored and recorded during all spray applications with a Gill 27005 UVW Anemom-
eter, Young 43372V C Relative Humidity and Temperature Probe, and a Campbell 21-X data logger.
Water-based spray mixes contained equal per-acre rates of the fluorescent tracer, Caracid Brilliant Flavine
FFN, and a surfactant, Triton X-100, to monitor spray deposits and simulate a reasonable spray mix. Five
ten-head wheat samples were taken at two locations in each treatment replication. Mylar plate samplers,
soda straw samplers, and Water-Sensitive-Paper (WSP) samplers in two orientations were each placed in
five positions across the center swath at two locations in each treatment replication (Figure 2). Spray mix
samples, mylar plate samplers, and wheat head samples were analyzed spectrofluorometrically for tracer
content and deposition. WSP samples were analyzed by computerized image analysis to characterize spray
deposits. Deposit data were analyzed statistically to determine treatment effects.

Spray rate and droplet size with conventional aerial hydraulic nozzles to optimize deposits on
wheat heads — A range-finding study was conducted to determine the influence of spray rates of 2, 5, and
10 gpa and spray droplet sizes of 250 and 400 um volume median diameter (D, , ) on spray deposits on
wheat heads. These parameters describe the general range of normal aerial application practice. The 250
pm droplet sizes were applied with CP-03 nozzles, DSC = F; and the 400 um droplet sizes were applied
with disc orifice straight stream nozzles, DSC = M. Study protocols similar to those of Bouse et al. 1992
and Kirk et al. 1992 were used in the study.

Spray rates with aerial rotary atomizers to optimize deposits on wheat heads — Previous research
has shown that small droplets deposit more effectively on small targets and large droplets deposit more
effectively on large targets (Kirk etal. 1992). Astudy with Curtis Dyna-Fog ASC rotary atomizers that
produce a relatively narrow range of small droplets was conducted to exploit the small droplet —small target
phenomenon. The rotary atomizers were operated at blade setting 6 for maximum no-load rpm of 9000 at
130 mph. The three treatments for the study were 20, 40, and 60 psi (flow-control orifice removed) for
spray rates of approximately 3, 5, and 7 gpa, respectively, and DSC’s of VF, F, and F, respectively. A
study protocol similar to that used by Kirk et al. 1993 was used for the studly.

Multi-direction flight paths to increase deposits on both sides of wheat heads — Several FHB
resear