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OBJECTIVE

There has been interest in improving the targeting of
fungicide gpplications to ripening ears during the cru-
cid anthesis period to provide more effective control
of Fusarium head blight development and prevention
of mycatoxin contamination.

This study was conducted to examine different soray
application techniques for more effective coverage of
ripening ears.

INTRODUCTION

Fusarium infection is of concern because of impacts
on crop yield and qudity and the concomitant con-
tamination with trichothecene mycotoxins, particularly
deoxynivalenol (DON) which are produced under
conducive environmenta conditions during ripening of
ceredls. Suppresson of FHB is partially achieved by
the gpplication of fungicides. However, detailed ex-
amination of the mogt effective spray sysemsfor tar-
geting of gpplications on the ear have not been exam-
ined in detalled. Thus this study examined a range of
different spray systemsfor examining efficacy for bet-
ter control of FHB in ceredlsin the UK.

MATERIAL AND METHODS

A seriesof experimentswere done to examine depos-
its of fungicide and trace dyes on coverage of ears of
ripening wheat plants in awind tunnd. Conventiond
flat fan, 100 angled ar induction nozzle, two conven-
tiond flat fan nozzlesat 45°, oneforward and one back
(twin cap), wide angle hollow cone coarse spray, con-
ventiond flat fan nozzle 45° backword fine spray, con-

ventiond flat fan 45° medium spray, wide angle hol-
low conefinespray, pre-orificeflat fan and 10° angled
ar induction nozzle were examined. All were used a
150 I/haexcept thefind treatment whichwasat 1001/
ha.

A fidd tria had been conducted for two years with 4
spray treetments (Conventiond flat fan, 10° angled air
induction nozzle, pre-orifice flat fan nozzle and afine
hollow cone nozzle. Three fungicideswere used: 0.3
Amigart + 0.3 I/hafalicur; 1.2 I/ha UK187; 0.6 I/ha
UK 187. There were al applied at the beginning of
anthess. A full factorid experiment was carried out
and the treatment plots were sprayed with a spore
suspengon of F. culmorum three days prior to fungi-
cidegpplication. 100 earsper plot were collected two
weeks after soraying and immediately prior to harvest
for andysisof DON and nivaenal (NIV). Thesewere
andysed usng the method described by Ramirez et
a. (2004).

RESULTS

Thefind grainyidd wasbest inthe full UK 187 gppli-
cation. Therewas agradation of effect with thistregt-
ment being the best. There was a trend for the three
test- gpplication systemsto be better than the conven-
tiond flat fan nozzle. There was a marked effect of
fungicide treatment on FHB assessed two weeks &f-
ter fungicide gpplication. However, the effect was not
directly related to type of spray system used. Analysis
of DON and NIV using HPLC showed that most
treatments had < 750 ng/g. In 2003 there was a Sg-
nificant naturd contamination with F. poae and thus
NIV levels were dightly higher than for DON con-
centrations found in the ear samples.
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In 2004 the experiment showed that there was less
FHB immediatdly after anthesis than in 2003. Thus
FHB symptomsand DON/NIV levelswerevery low,
with a high isolation of F. graminearum than F.
culmorum. The efficacy of goray trestments are il
being andysed.

DISCUSSION

This study is dill in progress and the results obtained
S0 far does not indicate that the four different types of
goray systems employed have a sSgnificant effect on
FHB or on mycotoxin levels. However, the droplet

Sze impacting on the ears and the coverage may be
critica parameters which will influence the levd of
control of FHB achieved.
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OBJECTIVES

To invedtigate the role of wheat aphids in Fusarium
Head Blight development and their integrated man-
agement in durum whest.

INTRODUCTION

Fusarium Head Blight (FHB) in wheat
(F.graminearum, F. nivale) has become adisease of
serious concern, sncethe unusud epidemicsin Punjab,
North West India, in the early 1990s which had ap-
parently resulted from the higher frequency of rains
during flowering and the susceptible cultivars grown.
Sincethediseaseisof limited importancein India, re-
Sstance breeding is presently not conducted against
FHB in the region. It has been observed thet alarge
proportion of wheat heads affected by FHB werea so
heavily infested with gphids which suggests that the
whest gphids may have arolein FHB development.
Whest is affected by severd speciesof gphidsworld-
wide. In addition to direct feeding damage, many of
the wheat aphids serve asvectors of seriousvirusdis-
eases auch as Baley Ydlow Dwarf Virus (BYDV)
(Wiese, 1977). Mites, thrips and aphids are reported
as suspected vectors for Fusarium poae infection in
Swedish ceredls (Peterson and Ovlang,1997). Diehl
and Fehrmann (1989) reported that mechanica injury
or gphid attack led to asignificant increasein the num-
ber of lesf lesons caused by Gerlachia nivalis in
wheat. Our objective in this study was to find out the
role of wheat gphids in FHB development, both in-
vitro and fidd trids, and their integrated management
through fungicides and insecticides.

MATERIALSAND METHODS

Reaction of wheat cultivarsto aphids and FHB
in thefield - Reactions of seven commercid cultivars
of wheat, four bread wheats (PBW 343, PBW 154,
WH 542, HD 2687) and three durum wheats (PDW
274, PDW 233, PBW 34) to gphid infestation and
FHB were studied under naturd field infection. Four
replicated plots (4.0* 1.25 sq.m) of each cv. weresown
in the field. The incidence of whest gphids and FHB
was aufficiently high to differentiate the reaction of dif-
ferent whest cultivars. Observations on mean number
of aphids/leaf and head and number of FHB infected
heads /plot and number of infected spikeets/spike
were recorded.

In-vitro interactions between wheat aphids and
Fusarium - Spikes of durum whesat cv. PDW 274
(highly susceptible to FHB) were chosen at the boot
sage, surface sterilized with sodium hypochlorite so-
lution and placed on the surface of 0.5% water agar
containing 10 mg -1 benzimidazole as a senescence
retarder in Petri plates ( 2 spikes/plate and four repli-
cations). There were Six trestments viz; T1- Spikes
infested with gphid alone, T2- Spikesinoculated with
Fusarium sp. done, T3- Smultaneous inoculation/in-
fegtation of Fusarium sp. and gphids, T4- Aphidinfes-
tation followed 72 h later by Fusarium sp. inoculation,
T5- Inoculation of Fusarium sp. followed 72 h later
by aphidinfestation, T6-Control. Spikeswereinfested
inthe center with amixture of 10 gphid nymphs/spike
and a5 mm mycdlid disc of Fusarium sp. grown on
PDA andincubated at 25°C. Observationson % spike
area bleached and % FHB infected spikelets /spike
were recorded after 10-15 days.
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Effect of Monocrotophos on aphid control and
FHB- A fidd experiment was conducted with a du-
rum whest cv. PDW 274 (FHB susceptible), planted
into rice stubble. Four replicated plots (4* 1.25 sq.m)
per treatment were sprayed at heading with
Monocrotophos insecticide. There were two treat-
mentsviz; T1- Monocrotophos @ 0.1%- single spray,
T2 -Monocrotophos @ 0.1%-two sprays. Data on
gphid infestation /leaf and head and FHB were re-
corded at soft dough stage of grain devel opment.

Integrated control of Aphidsand FHB in thefield-
Feld experimentswere conducted with adurumwhest
cv. PDW 274 (highly susceptibleto FHB), under natu-
ral field infection in 2002-03. There were SX treat-
ments viz; T1- Propiconazole 0.1%, T2-
Monaocrotophos 0.1%, T3- Propiconazole 0.1% +
Monocrotophos 0.1%, T4- Propiconazole 0.1% fol-
lowed 72 h later by Monocrotophos 0.1%, T5-
Monocrotophos 0.1% followed 72 h later by
Propiconazole 0.1%, T6 — Control treatment. Four
replicated plots (4.0 1.25 sq. m) per treatment were
treated at Feekes growth stage 10.51(flowering). Both
the aphid infestation and FHB devel opment were suf-
ficiently highwhich facilitated eva uation of thesetreat-
ments. Data.on mean number of aphids/leaf and heed,
number of FHB infected heads/plot and % infected
Fikdetsspike, grainyidd (kg/plot) and thousand grain
weight (TGW) were recorded. Data obtained in all
the experimentswere andyzed satisticaly and coeffi-
cient of correlation (r) between gphidsand FHB were
determined.

RESULTSAND DISCUSSI ON

Cultivar reaction- Both the bread whesats and the
durum wheats were affected by gphids but aphid in-
festation wasfound to be more on headsthan on leaves
( Table 1). Among the bread whests, the FHB sus-
ceptible cv. PBW 154 which had the highest gphid
infestation on heads, dso had the highest FHB infec-
tion where asthe FHB moderately resstant cvs. PBW
343, WH 542 and HD 2687 had much lower aphid
infestation and FHB infection. However in durum
whests, there was no apparent relationship between
gphid infestation and FHB infection. Significant pos-

tive corrdlations ( r = 0.97) were found between the
mean number of gphidshead and the number of in-
fected spikdets/'spike in whest cultivars.

In the Laboratory- In-vitro interactions between
whest aphids and FHB, conducted on water agar in
Petri disheg(Table 2), showed that Fusarium sp. and
gphids when inoculated /infested smultaneoudy, or
when aphid infestation followed 72 h later by
Fusarium speciesresulted in higher % infected spike-
lets/'spike (11.0% and 6.2 %, respectively) and % spike
areableached, in comparison with Fusariumspp. in-
oculated done (5.5%) or when Fusarium spp. in-
oculation followed 72 h later by aphids (4.0 %).

Effect of Monocrotophos on aphid control and
FHB- Application of asinglespray of Monocrotophos
@ 0.1% a heading (Table 3) Sgnificantly reduced the
mean number of gphids’head and smultaneoudy re-
duced the mean number of FHB infected spikes/plot
(25.2%) and number of infected spikelets/spike
(25.2%), resulting in Sgnificant increese in grain yidd
(20.0%) and thousand grain weight, in comparison with
the control treatment, in a susceptible durum wheet
cv. PDW 274. Significant poditive correlation between
gphids and number of infected spikes/plot (r = 0.99)
and grainyield (r = 1.0) were found in thistrid.

Integrated management- In another fidd tria on
integrated management of wheat aphids and FHB
(Table 4), application of Propiconazole and
Monocrotophos aone @ 0.1% each, significantly re-
duced the mean number of infected spikes/plot by 60
% and 42 %, respectively whereas their combined
goplication further reduced the number of infected
pikes/plot by 66.7%, improved grain yield by 37 %
and thousand grain weight. However, the treatment in
which gpplication of Propiconazole was followed 72
hlater by Monocrotophos, wasthemost effectivetreat-
ment and sgnificantly reduced the number of infected
spikes /plot by 76.9% and the number of infected
Sikdetssoike, resultingin sgnificant increaseingrain
yield (32%) and thousand grain weight. Significant
positive correlations were found between the number
of gphids and % infected spikes/plot.
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The results suggest that wheet gphids areimportant in
FHB development and that controlling aphids in the
fidd with Monocrotophos, can significantly reduce
FHB disease and increase grain yields. Whest culti-
varsthat are poor hostsfor gphidsoffer themost prom-
isein reducing FHB.
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Table 1. Reaction of wheat cultivars to Aphid infestation and Fusarium Head Blight under natural field

infection, 2002-03.

Cultivar Heading | FHB Number of Aphids | FLB Fusarium Head Blight

Date Reaction | Leaf Head (%) | No.infected No.infected
spikes/plot  spikelets/spike

Bread wheat | 4/3 MR 0.85 3.27 15 5.2 1.97

PBW 343

PBW 154 25/2 S 1.50 8.75 25 51.0 3.23

WH 542 6/3 MR 2.12 5.12 05 9.5 2.40

HD 2687 6/3 MR 1.37 2.87 15 14.2 1.67

Durumwheat | 10/3 S 1.25 1.95 10 86.7 4.42

PDW 274

PDW 233 13/3 MR 1.57 2.90 05 17.2 3.54

PBW 34 10/3 S 1.22 4.57 05 36.2 3.50

CD at 5% NS 1.99 178 6.41 0.88

Correlation coefficient (r)

between number of aphids and FHB -0.03 0.97**

Table 2. In-vitro interactions between Aphids and Fusarium spp.

on water agar in Petri dishes.

Treatments % Spikearea | % FHB infected
bleached spikelets/spike

T1- Aphid alone 27.50 -

T2- Fusarium sp. aone 39.27 5.5

T3- Aphid +Fusarium sp. 60.71 11.0

T4- Aphid followed 72h 35.00 6.2

later by Fusarium sp.

T5- Fusarium sp.followed 25.00 4.0

72h |later by Aphid.

T6- Control 0.0 0.0

CD 5% 22.0 1.93
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Table 3. Effect of Monocrotophos on Aphids and FHB in durum wheat cv. PDW 274 under
natural field infection, 2002-03.

Treatments No.of Aphids Fusarium Head Blight Grain TGW

(%) L eaf Head | No.infected No.infected Yield (9)
spikes/plot  spikelets/spike | ( Kg/plot)

T1- 0.30 0.60 | 95.75(25%) 4.12(25%) 3.55(20%) | 45.93

Monocrotophos,0.1

Single spray

T2- 0.07 0.02 |96.50 4.15 3.78 46.10

Monocrotophos,0.1

Two Sprays

Control 1.7 3.17 | 128.25 5.55 2.95 40.14

CD 5% 0.81 099 NS NS 0.28 4.2

Correlation coefficient (r) 0.99** -0.275 1.0*

between Aphid and FHB

Table 4. Integrated management of Aphids and FHB in durum wheat cv. PDW 274, under natural field
infection, 2002-03.

Treatment No. of Aphids Fusarium Head Blight Gran TGW

(%) Leaf Head | No.Infected % Infected No.Infected Yield (9)
Spikes/plot  Spikes Spikelets/spike | (Kg/plot)

T1- 577 430 |455 1.98 3.64 3.350 45.47

Propiconazole,0.1 (60.0%)

T2- 002 012 |66.7 291 4.57 4.087 48.76

Monocrotophos,0.1 (42.0%)

T3- Propiconazole | 0.07 0.10 | 38.2 1.66 3.76 4.300 51.12

+ (66.7%)

M onocrotophos

T4- Propiconazole | 0.07 0.52 | 26.5 1.15 2.77 4,137 50.92

followed 72h later (76.9%)

by Monocrotophos

T5 0.20 0.15 | 34.7 151 2.65 4.037 51.16

Monocrotophos (69.8%)

followed 72h later
by Propiconazole

T6- Control 8.0 11.6 | 115.0 5.02 5.73 3.125 40.79
CD 5% 3.33 368 225 164 1.49 0.25

Coefficient of correlation (r)

between Aphids and FHB 0.68** 0.38 -0.09
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ABSTRACT

Since culturd measures, fungicides, and resstant cered genotypeshave provided only partid control of Fusarium
head blight to date, biologica contral is being explored as an additiond tool in the integrated management of
thisdisease. Microbid antagonigts or their metabolites are potentidly useful inthe disruption of spikeinfection,
fungd spread within the spike, seedling blight devel opment, sgprophytic surviva of thefungusin crop residues,
and funga sporulation on crop resdues. Initid efforts have been focused on bioprospecting for microbia
antagonigts of Gibberella zeae. Bioprotectants have been sdected primarily based on ther antibioss and
competition abilities, though mycoparagitism, induced resistance, and metabalic inhibition of mycatoxin syn-
thesis are dso ussful mechaniams of biologica control. Numerous isolates of yeast, spore-forming bacteria,
and other bacteria have been identified that reduced FHB and/or mycotoxin contamination in laboratory,
greenhouse, or small-scae fidd tests, sometimes with a magnitude of control equivaent to fungicide gpplica-
tions. But alack of consstency in FHB control, especidly in varigble fidd environments, has hampered the
trangtion from the laboratory to meaningful field-testing of biologica control agents. Almost nothing isknown
about the ecology, surviva, and antimicrobid activity of biologica control agents following their gpplication to
plant surfaces in field environments — a fundamenta knowledge gap. Some research is underway and much
more is needed to define controlled culture systems for producing biologica control products of consstently
high quality that could then be tested in uniform regiond field tests againg FHB. Product formulation and
gpplication technologies are as or more critical to biocontrol efficacy asthey areto fungicide efficacy, yet little
research has been conducted in the context of biologica control agents. Bioprotectants, especidly isolates of
gpore-forming bacteria, may be combined with foliar fungicidesto further reduce FHB mycotoxin contamina-
tionin cered cultivarswith partid resstanceto FHB. Antifunga metabolites of biologica control agents should
a0 be consgdered as direct tools in the integrated management of FHB. These substances might be applied
as foliar sprays or the genes encoding their synthesis might be genetically engineered into cered crops dong
with appropriate tissue-specific promoters. While there are dgnificant chalenges to overcome, biologica
control sirategies hold considerable promise for contributing to the long-term management of FHB.
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ABSTRACT

Sdlected drains of bacteria in the genus Bacillus can antagonize Fusarium graminearum in laboratory,
greenhouse, and fidd-plot studies. In some fidld plot studies where Bacillus spp. have been sprayed on to
whegt or barley, symptoms of FHB have been reduced, and/or DON levels in grain have declined. The
mechanism of the antagonism is not understood, but may depend in part on bacterid antibiotics, such ascyclic
lipopeptidesin theiturin family. We have cultured Bacillus p. strain 1BA inavariety of defined (synthetic) and
semi-defined broth mediathat |ack glucose (which can suppressiturin production). Thethree broth mediathat
were sudied were: (1) abasa defined medium (BDM) containing mannitol, glutamic acid and inorganic sAts,
(2) adefined medium (DM) smilar to BDM but containing increased amounts of mannitol and glutamic acid,
and (3) a defined medium with the same composition as (2) but with increased concentrations of calcium and
manganese, two dements which are known to be important in regulating different aspects of Bacillus metabo-
lism. Broth cultures of Bacillus strain 1BA were grown for different time periods in these three media. At
selected timeintervas culture sampleswere asepticaly removed for measurement of optical density at 600 nm,
and for iturin anayssusng HPLC, to seeif different phases of bacteria growth resulted in differencesin iturin
production. Standard curves of iturin A (Sigma) were linear in arange from 50 ug/ml up to 250 ug/ml, with
absorption maxima for iturin occurring a 214 nm and 275 nm for each iturin pesk. In the BDM broth,
maximum OD,,, of 1.7 was reached after 5 to 6 days of growth, and maximum iturin production occurred a
this time (about 720 ug/ml). After thistime, iturin levels declined grestly. In the DM broth having increased
levels of mannitol and glutamic acid, maximum OD, , of 2.5 was not reached until 14 daysincubation. How-
ever, maximum iturin production was reached around 5 days of growth (OD,, of 1.3; iturin production of 400
ug/ml). After 5to 6 daysof growth, iturin production sharply declined inthis DM broth. In broth medium (3)
containing the same components as (2) but with increased levels of Caand Mn, maximum OD, , of 3.6 was
reeched after 8 days of growth, giving the highest cell yidd of any broth medium. Iturin production in this
medium had amuch different pattern than the other two, with greatest iturin levels found within the first 24-48
hours of growth (132 ug/ml)., and then declining sharply. Production of iturin in medium (3) was greatest
during exponentia growth, not stationary phase, and increased levels of Ca and Mn dlowed iturin to be
produced sooner, during early log to mid log phase of growth. Different growth mediawill result in different
amounts of iturin; and the time of incubation will aso affect iturin levels. Thishasimplicationsfor growing these
bacteriafor fild gpplication, in determining medium composition and incubation time.
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FOR PROTECTION AGAINST FUSARIUM HEAD
BLIGHT OF WHEAT
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ABSTRACT

Combinations of tacticsfor disease management offer
amodern meansfor plant protection and may provide
remarkable advantages over each method isolately,
resulting in a series of bendfits, including control effi-
cacy, condstence, expansion of modes of action, and
reduction of pesticide gpplications. The objetctive of
thiswork was to determine the effect of the combina-
tion of bioprotectants with fungicide to control
Fusarium Head Blight (FHB) of whest, induced by
Fusarium graminearum, under field conditions.
Treatments and dosages of activeingredient per hect-
are were: Tebuconazole (Folicur 200 CE) (150 g);
Pantoea agglomerans (Embr. 1494) (60 g); P.
agglomerans (Embr. 1494) (60 g) + Tebuconazole
(150 g); Bacillus megaterium (Embr. 9790) (60 g);
B. megaterium (Embr. 9790) (60 g) + Tebuconazole
(150 g); Curtobacterium pusillum(Embr. 9769) (60
g); C. pusillum (Embr. 9769) (60 g) + Tebuconazole
(150 g); Bacillus subtilis (Trigocor 114) (60 g) and
B. subtilis(Trigocor 114) (60 g) + Tebuconazole (150
0). A nontreated check was mantained ascontrol. The
experimental design wasarandomized block withfour
replications. None of the biological or chemical treat-
ments sgnificantly controlled the disease intensity nor
increased grain yield in 2002 and 2003. However the
combinationsof the biologicaswith the chemica tregt-
ment sgnificantly reduced the intensty of FHB and
provided sgnificant increase in grain yied over the
nontreated contral in both years of sudy. Combina-
tions may have an important impact on disease man-
agement.

OBJECTIVE

To determine the effect of the interactions of
bioprotectants with fungicide to control FHB under
fidd conditionsin Braxzil.

INTRODUCTION

Fusarium heed blight (FHB), induced by Fusarium
graminearum is an economicaly sgnificant disease
in the south of Brazil. It has been controlled by fungi-
cide trestement applied at the stage of complete an-
thess. Biologica control has been studied using sev-
era bioprotectants (Perondi et a., 1996; Luz 2000;
Luz et d., 2003). This study included both biologica
and chemicd productsadone or in combination to con-
trol FHB.

MATERIAL AND METHODS

Treatments and dosages of activeingredient per hect-
are were: Tebuconazole (Folicur 200 CE) (150 g);
Pantoea agglomerans (Embr. 1494) (60 g); P.
agglomerans (Embr. 1494) (60 g) + Tebuconazole
(150 g); Bacillus megaterium (Embr. 9790) (60 g);
B. megaterium (Embr. 9790) (60 g) + Tebuconazole
(150 g); Curtobacterium pusillum (Embr. 9769) (60
g); C. pusillum (Embr. 9769) (60 g) + Tebuconazole
(150 g); Bacillus subtilis (Trigocor 114) (60 g) and
B. subtilis(Trigocor 114) (60 g) + Tebuconazole (150

9)-

The experiment, were carried out in the fidld in Passo
Fundo, RS, Brazil in a randomized complete block
design with four replications. The sowing date was
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22nd of june, 2002 and on 20th at june 2003, respec-
tively. Each plot conssted of 12 rows of 3m, spaced
by 20cm gpart. Treatments were gpplied at early an-
thes's. Each plot was rated for disease incidence and
severity 21 days after applications scoring by the per-
cent of heads showing disease symptoms. Maturegrains
were harvested and yield was recorded.

RESULTS

None of the biological or chemica trestments sgnifi-
cantly controlled the diseaseintendgty nor increased grain
yield in 2002 and 2003 (Table 1). However the com-
binations of the biologicaswith the chemicd treatment
ggnificantly reduced theintensity of FHB and provided
ggnificant increase in grain yied over the nontrested
control in both years of sudy. Combining fungicideand
biologica agents may have animportant impact ondis-
ease management for whest in Brazil.

Table 1. Microbiological and Chemical Protection of
Fundo, Brazil. 2002 and 2003.

REFERENCES

Luz, W. C. da. 2000. Biocontrol of Fusarium Head Blight in
Brazil. Pages 77-81. Proceedings of the 2000. National
Fusarium Head Blight Forum. Michigan State University Print-
ing, East Lansing, M.

Perondi, N. L., Luz, W. C. da. And Thomaz, R. 1996. Controle
microbiol6gico da giberela do trigo. Fitopatologia Brasileira
21: 243-249.

Luz, W. C. da,, Stockwell, C. A., and Bergstrom,
G. C. 2003. Biologicd control of Fusarium
graminearum. In: Leonard, K. J. & Bushnell, W.
R. Fusarium Head Blight of wheat and Barley. P.
381-394. APS Press. 512pp.

FHB of wheat in thefield. Passo

Treatment Disease I ntensity Yield/Kg/ha

2002 2003 2002 2003
Testemunha 22b* 23b* 2788b* 3012b*
Tebuconazole 11b 19b 2969 b 3141Db
Pantoea agglomerans (Embr. 1494) 17b 18b 2883 b 3191 b
P. agglomerans + Tebuconazole 6a 13a 3199 a 3463 a
Bacillus megaterium (Embr. 9790) 15b 17b 2858 b 3179b
B. megaterium+ Tebuconazole 4a 10a 319%a 3577a
Curtobacterium pusillum (Embr. 9769) 18b 19b 2889 b 3112 b
C. pusillum + Tebuconazole 5a 12a 3188 a 3559 a
Bacillus subtilis(Trigocor 114) 16b 19b 2871 b 3113 b
B. subtilis+ Tebuconazole 3a 1l4a 3189 a 3380 a
CV % 145 15.1 9.7 14.7

* Treatment means followed by different letters differ significantly at P= 0.05 according to

Fisher’s least significant difference (LSD) test.
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CULTURAL CONTROL OPTIONS FOR THE MANAGEMENT OF
FUSARIUM HEAD BLIGHT IN WHEAT AND BARLEY
R. Dill-Macky

University of Minnesota, Department of Plant Pathology, St. Paul, MN 55108.
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ABSTRACT

Fusarium head blight (FHB or scab) is a serious disease of whesat (Triticum aestivum L.) and barley (Hor-
deumvulgare L.). Fusarium head blight reemerged in the Upper Midwest of the U.S. in 1993 and has caused
numerous, widespread and severe epidemics throughout much of the U.S. smdl grains production area in
subsequent years. Breeding for disease resstance is along term solution that will reduce the risk of FHB in
both wheet and barley. However, the lack of immunity to FHB in wheat and barley germplasm means that
even cultivars with improved FHB resstance are likdly to see some disease development, and incur yield
losses and qudity reductions, when inoculum pressure is high and environmenta conditionsfavorable for FHB
development. Chemical and biological control options may be able to reduce the development of the disease
but may not reduce the pathogen population or lower the inoculum pressure. Fusarium head blight is caused
by Fusarium graminearum (Shcwabe) [teleomorph: Gibberella zeae Schw. (Petch)], the principa pathogen
in the U.S,, and severd other species in the genus Fusarium.  The residues of host crops, such as whest,
barley and corn, are consdered the principa reservoir of these fungi, providing the inoculum that generate
FHB epidemics. Given theincomplete nature of available disease control options, it seemsmogt likely that the
successful long term management of FHB, especidly in “at risk’ production aress, will rely on an integrated
gpproach to disease management. Disease management employing cultura control options would be a key
component in such amanagement strategy. Culturad control optionsfor FHB management principaly focuson
crop residues. Crop rotations to avoid planting wheat and barley on Fusarium-infested residues has been
suggested in the management of FHB since researchers firgt recognized residues as the principa source of
inoculum. Planting whest directly after whesat or corn should be avoided and where resdue decomposition is
dow rotations could be extended to alow greater res due decomposition between host crops. The inoculum
in resdues can be neutraized if buried, which both prevents peritheciaformation and the release of sporesinto
the air. Tillage practices can be used to bury resdues and/or promote resdue decomposition. Similarly
fertilizer gpplicationsor green manures may increase res due decompodition or reducethe population of Fusarium
by increasing microbia competition. Theremovd of resduesfrom fidd (e.g. baing straw), theinfield destruc-
tion of resdues a the soil surface (e.g. burning) may aso ad in reducing inoculum. Cultura control practices
are likely to be mogt effectively used when integrated with disease forecasting modedls S0 that the benefit to a
future crop can be weighed againg the cost of implementing a control option. The success of cultura control
practices will ultimately depend on the understanding of the biology of the pathogen, the development of
effective practices and the adoption of these practices by whesat and barley producers.
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2004 UNIFORM FUNGICIDE PERFORMANCE TRIALSFOR
THE SUPPRESSION OF FUSARIUM HEAD
BLIGHT IN SOUTH DAKOTA
M.A. Draper®’, K.R. Ruden?!, K.D. Glovert, SM. Schilling?,
D.S. Wittmeer! and G. Lanmers

Pant Science Department, South Dakota State University, Brookings, SD 57007, USA
“Corresponding Author: PH: (605) 688-5157; E-Mail: draper.martin@ces.sdstate.edu

ABSTRACT

Fusarium head blight (FHB — scab) has been a serious concern for wheat and barley producers in South
Dakotafor ten years. The objective of this study wasto continue to eva uate the efficacy of various fungicides
and fungicide combinations for the suppression of Fusarium head blight and other wheet diseases. Two hard
red spring wheat cultivars, Oxen and Ingot, were planted at three South Dakotal ocations (Brookings, Groton,
and South Shore/Watertown) and Robust barley was planted at Brookings. Data were collected from the
barley trial and two of three sporing wheet study sites, South Shore/Watertown and Brookings, SD. Little FHB
developed a thethird Steand DON levelsweresimilarly low. A winter wheet study Ste South Shore/\Watertown,
was lost due to poor stand associated with dry conditions at seeding. Trid treatments were from the Uniform
Fungicide Trid treetmentslist for the suppresson of FHB and included an untreated check, Folicur (tebuconazole)
gpplied a 4.0fl oz/A, Tilt (propiconazole) applied at 4.0 fl 0z/A, JAUBG476 (prothioconazole) applied at 5.0 fl
oz/A, apremix of JAU6G476 (2.85fl 0z/A) + Folicur (3.17 fl 0z/A), and V-10116 applied at 4 or 6 fl oz/A. All
treatments included Induce, a non-ionic surfactant, applied at 0.125% v/v. Trids were planted in a factorid
randomized complete block design with six replications. Trid trestments were gpplied a anthess. Plotswere
inoculated by spreading Fusarium graminearum(Fg4) inoculated corn (Zea mays) grain throughout thefield
and providing overhead midt irrigation on a 16 hr/8 hr on/off schedule (overnight mist) throughout anthesis at
Brookings. Other stes had natural inoculum from corn stalk resdue and natura moisture conditions. Twenty-
one days following treatment, plots were evauated for leaf diseases, FHB incidence, FHB head severity, and
FHB fidd severity. Samples were collected for Fusarium damaged kernds (FDK), deoxynivaenol (DON),
grainyidd, and test weight. Under dryland conditions at South Shore/Watertown FHB was not severe, with
only 4.3% tota disease on the untreated. Only Folicur and the VV-10116 (6 fl 0z) reduced FHB incidence. The
sametrestments aswell as JAU 6476 + Folicur and the low rate of V-10116 significantly reduced total FHB.
All trestments but the low rate of V-10116 significantly increased yield while only Tilt increased test weight.
Either rate of V-10116 or the JAU 6476 + Folicur mix significantly decreased FDK. All products significantly
reduced DON, but none were decreased to levels acceptable to the market. At the mist irrigated Site at
Brookings, FHB plot severity was greater than 30% on the untreated. All products except Tilt significantly
reduced head severity of FHB while plot severity was reduced by JAU 6476, JAU 6476 + Folicur, or either
rate of V-10116. While numeric reductions in disease and DON were observed on ‘Robust’ barley, neither
disease nor DON was sgnificantly reduced under migt irrigation conditions.
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ABSTRACT

Fusarium head blight (FHB — scab) has been a serious concern for wheat and barley producers in South
Dakotafor ten years. The objective of this study wasto continue to eva uate the efficacy of various fungicides
and fungicide combinations for the suppression of Fusarium head blight and other whest diseases. Ingot hard
red spring wheat and Robust barley were planted at Brookings, South Dakota. Triad trestments included an
untreated check; Folicur (tebuconazole) applied at 4.0 fl 0z/A; TrigoCor 1448 (Bacillus sp.) from Cornell
Universty, Ithaca, NY; AS 54.6 (gram positive bacterium) from USDA-ARS, Peoria, IL; C3R5 (Lysobacter
enzymogenes) from University of Nebraska, Lincoln, NE, and; 1BC (Bacillus subtilus) from South Dakota
State University, Brookings, SD. Treatments were grown on Ste according to specifications from their origi-
nating labs. Tria treatments were applied at anthesis. Plots were inoculated by spreading Fusarium
graminearum(Fg4) inoculated corn (Zea mays) grain throughout the field at least ten days prior to flowering
(wheat) or head emergence (barley) and providing overhead migt irrigation on a 16 hr/8 hr on/off schedule
(overnight mist) throughout anthesis a Brookings. Twenty-one days following treetment, plots were eva uated
for FHB incidence, FHB head severity, and FHB fidd severity. Sampleswere collected for Fusarium damaged
kernds (FDK) and deoxynivaenol (DON). Yields were not measured in the barley trid due to significant
depredation by birds. Under the mist augmented environment of 2004, FHB was severe a thislocation. FHB
incidence was as high as 60% on wheat and 100% on barley. FHB plot severity ranged from about 14-21%
in pring wheet and 15 to 24% in barley. No sgnificant improvements on the untrested were observed among
the biologica treatments. Also, the Folicur treatment did not provide the level of disease and DON suppres-
son expected from past experiences. Beyond the uniform trid treatments, 1BA (Bacillussp., SDSU, Brookings,
SD) wasdsoincluded inthetrid aswell asacombined application of 1BC + C3R5. The combined treatment
gave no greater response that each component separately. 1BC and 1BA were dso grown in a defined
medium supplemented with casamino acids. These two isolates responded differently to the casamino acids.
1BA peformed numericaly better that the same isolate in a standard undefined culture medium, while 1BC
performed numericaly worse than when grown in a sandard medium. Strikingly, the only significant differ-
encesrecorded in the trid were between 1BA and 1BC grown in the casamino acid culture. 1BA was Sgnifi-
cantly superior to 1BC from that medium as measured by FDK reduction.
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THE SPREAD OF FUSARIUM GRAMINEARUM THROUGH
INFECTED SPRING WHEAT SEED
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ABSTRACT

The potentia spread of Fusarium head blight (FHB) to western regions of the Canadian Prairiesis of mgor
concern to whesat and barley growers. Planting Fusarium-infected seed may introduceF. graminearuminto
aress that for the most part are il free of FHB. It is therefore of interest to determine the effectiveness of
seed trestmentsin preventing the soread of this pathogen which could result from planting an infected seed | ot.
In 2003 and 2004, F. graminearum-infected seed of common and durum wheat trested with fungicides
currently registered in Canada, or untrested, were planted in replicated trias at two locations in eastern
Saskatchewan. At stem dongation, 50-75 plants from one row in each plot were removed, and subcrown
internodes collected and rated for incidence and severity of discoloration. Pieces of discolored tissue were
then surface-disinfested and plated on nutrient agar for funga identification. In some cases, therewas alower
severity of subcrown internode discoloration in the seed-treated than in the untreated control; however, these
differences were not cons stent and no seed trestment resulted in alower level of subcrown internode discol-
oration a both locations and years. Fusarium graminearum was recovered from discolored subcrown
internodesin all treatments. In addition, percent isolation of F. graminearum, and other Fusarium spp., from
discoloured subcrown internodes in seed-treated plots was in genera not significantly different from the un-
treated control. Based on the observation that none of the products tested appeared to prevent or conss-
tently reduce the growth of F. graminearum from infected seed into underground plant tissue, we conclude
that treating infected seed with currently registered fungicideswill not likely prevent the soread of this pathogen
to aressthat are il rlatively free of this pathogen.
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ABSTRACT

Studies are underway investigating biologica control of Fusarium graminearum Schwabe (teleomorph =
Gibberella zeae (Schwein.) Petch). Severd potentid fungal and bacterid biocontrol agents are being as-
sessed in vitro and under field conditions. The long term objective of dl three projects will be to identify the
active compounds and mechanisms of control. The first study is examining the biocontrol potential of
Cochliobolus sativus (Ito & Kuribayashi) Drechs. ex Dastur. Fusarium graminearumand C. sativuswere
gpplied to spikes of CWRS wheat cv. ‘McKenzie, during anthesis. FHB severity (FHB Index), levels of
Fusarium spp. on harvested seed, and plot yields were determined. Substantia reduction of FHB severity
and an increase in yidd was observed on spikes treated first with C. sativus at mid-anthesis followed by F.
graminearum 2-3 days later. Percent FDK, TKW, Hectoliter weights and DON will be determined for al
treatments. The role of antifunga compounds produced by C. sativus in the suppresson of FHB will be
investigated. In a second study, bacteria antagonists, Pseudomonas chlororaphis (PA23), P. chlororaphis
(63), P. chlororaphis (314), Bacillus amyloliquefaciens (BS6) and B. subtilis (H-08-02) were evaluatedin
vitro for their antagonitic action againgt F. graminearum. All antagonists except isolate 314 inhibited patho-
gen growth. Isolate H-08-02 inhibited mycdlia growth of F. graminearum by 50.59%. | solates PA23, BS6
and 63 inhibited the mycdlia growth of F. graminearumup to 47.36, 43.71 and 36.43% respectively. Culture
filtrate of antagonistsH-08-02, PA23, BS6 and 63 reduced the germination of macroconidiacof F. graminearum.
Antifungal compounds produced by the antagonists might be responsible for the suppression of pathogen in
vitro. Evauation of the efficacy of theseisolates to manage FHB under controlled conditionsisin progress. A
third project isinvestigating the biocontrol potentid of Trichoderma harzianum(Rifa). ElevenT. harzianum
isolates were evauated by confrontation plate assays. Trichoderma harzianum isolates were paired with F.
graminearum in Petri plates containing PDA. All but one isolate showed some ability to overgrow F.
graminearum. Isolates T83, T51, T30, and T183 overgrew F. graminearum by 20 mm or more. To deter-
minethe effect of T. harzianum on the production of perithecia and ascospores of G. zeae on whest residue,
gpore suspensions, or cdl-freefiltrates of T. harzianum isolates, were applied to whesat resdues either 24 h
before, co-inoculated, or 24 h &fter, inoculation with G. zeae. Plates containing the treated residues were
placed under UV light in arandomized complete block design with 4 replicates per trestment. On residuesthat
were inoculated with ether spore suspensions or cdll-free filtrates of T. harzianum, 24 h before G. zeae,
perithecia and ascospore devel opment were substantially reduced. Residues that were co-inocul ated showed
moderate reduction. No control was achieved when the res dues were inocul ated first with G. zeae. The effect
of gpore concentration and mechanisms of control are currently being investigated.
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FOLICUR EFFICACY FOR FUSARIUM HEAD BLIGHT (FHB)
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OBJECTIVES

To evduate the aerid application technology param-
etersdrop Szeand travel direction to improve efficacy
of fungicidefor control of Fusarium heed blight through
improved hard red spring wheat spike coverage.

INTRODUCTION

The purpose of spray application technology research
isto enhancefungicide efficacy for control of Fusarium
head blight (FHB). Research efforts to control FHB
have been accelerated with the initiation of the United
States Wheat and Barley Scab Initiative funding pro-
gram and the severe epidemics that devastated the
northern Great Plains region of the United States and
Canadain the early 90s. Much of the early trials with
fungicide application technology to date have focused
on ground gpplication equipment. Thereasonsfor this
focusareaerid application technology researchiscom-
plicated by the cost of the equipment, the necessary
skillsto operate the equipment, the large area needed
to conduct the research, and the limited practical range
of adjustment parametersavailableto aircraft currently
being utilized for soray gpplications. However, aerid
Spray units currently spray gpproximately 50% of the
acreage treated with fungicides for FHB control in
North Dakota. Research toidentify efficient aerid spray
gpplication technology to enhance fungicide needs to
be addressed.

MATERIAL AND METHODS

Tridswere conducted with randomized complete block
design arranged asa 2 x 2 (drop sSizes x spray direc-
tions) factoria with four replicates a Hunter and five
replicates at St. Thomasin 2003. Hunter islocated in
east centrd North Dakota and St. Thomas in north-

east North Dakota. An untreated plot wasincluded in
trid but not included in gatistica andyss. Prior totria
initiation the spray planes were pattern tested with the
use of the WRK pattern test system to determine the
appropriate orifices and speed needed to obtain the
required spray volumes. The pattern test system de-
terminesthe uniformity of the spray pattern acrossthe
swath width which was adjusted to produce the opti-
mum spray pattern for the spray width. The pattern
test is useful to identify uneven pattern deposition. A
preferred spray pattern should dope out on the edges
with the center of the pattern as horizontal or uniform
as possible. Adjustments to the pattern can be made
by adding or moving nozzles and identifying equip-
ment leaks and taking corrective action. The pattern
is adjusted by moving the nozzles and orifices dong
the boom. Additional orifices can be added or closed
to increase or decrease Soray volume. The planesused
CP nozzles. The drop Sizes are adjusted by changing
the angle of deflection relative to the travel direction
and speed. A draight back ddivery has larger drops
than ddiveriesat angles oriented downward. Increased
speed decreases drop size. Drop diameters were
measured using the WRK DropletScan system. The
DropletScan system uses water sensitive paper to
determinethe drop Szes produced by the Joray nozzles.
This paper has caculated spread factors which are
used to determine drop sizes. The measured vaues
areshownin Table 3.

Both locations were sdlected for ther fidd uniformity,
the skill of the associated cooperator, and the proxim-
ity to the aerid gpplicatorsthat participated in this ef-
fort. Collaborators for the trias were farmers Mark
Richtsmeier and Pete Carson from Hunter and St.
Thomas, respectively and aeria applicators Tim
M cPherson and Don Hutson from Page, and Grafton,
respectively. Two oray planeswereused inthisstudy.
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The spray planesand application parametersare listed
inTable 1.

Water sengitive cards were placed on three stakes at
grain head height in the sprayed strips. On each stake,
four cards were mounted vertical back to back, two
cardsoriented parald with flying direction and 2 cards
placed perpendicular to flying direction. An additiond
card was placed horizontal face up. The results are
shown in Teble 3. The column titled “ared’ is an eti-
mate of the area of the paper covered with spray drops.
The number isarddtive vaue to compare the verticd
front againgt the vertica back sde and the horizontal
card. The column titied “VMD” isthe volume median
diameter of the spray drops deposited on the cards.
The column titled “GPA” is the estimated galons per
acre applied as determined from the spray drops de-
posited on thewater senstive cards. Thevaueisonly
relative as the GPA agpplied to the fidd is determined
by the spray applicator and the calibration of the

Jrayer.

Spike coverage was determined by placing afood
grade fluorescent dye (Day Glo) in the arplane
goray tank with the fungicide and adjuvant. The dye
was added to atank mix of Folicur fungicide (4 oz/
acre) + Induce adjuvant (0.125% v/iv) at 1.75% viv
a St. Thomas and 3% v/v a Hunter. The St
Thomeas rate was reduced after consultation with the
system devel oper, Suranjan Panigrahi, North
Dakota State Universty. After the plots were
gprayed, grain head samples, 5 per plot, were
collected. The samples were placed under an
incandescent light followed by an ultraviolet light and
photographed. The ultraviolet light ddineates the
area covered by the fluorescent dye. By subtracting
the total area of the spike, determined by the
photograph under incandescent light, from the area
determined by the fluorescent dye photograph, spike
coverage can be computed. Coverage was
measured on both sides of the spike to compute
mean percent spray coverage of the spike.

A dgrip, representing one arplane boom width was
sprayed for each treatment area. An untreated area
between each plot was not treated to minimize drift to

the adjacent trestment areas. Treatment areas were
120 ft. on center at Hunter and 90 ft on center a St
Thomaswhich dlowed for fivetrestmentsand the sub-
sequent replicates at each location. The field head-
lands were excluded from dl data collection. Large
colored flagswere placed centraly in each plot at each
end of the plot to designate data collection areas after
the crop had emerged and al non fungicide pesticide
applications had been completed. Generd hard red
spring whest crop production practices recommended
by NDSU Extension werefollowed by the respective
cooperators.

The treatments at both locations included spray solu-
tion gpplications at 2.5 and 5 GPA obtained by mak-
ing either one or two spray passes. Spray applications
were made from east to west for one gpplication tregt-
ment and both directions for two gpplication treat-
ments. Twenty grain spikeswere evauated determine
incidence and fidd severity of Fusarium head blight
and |eaf disease from each of two transectsacrossthe
treatment areas, one near each end of the respective
grip. A grain sub sample from each replicate was re-
tained after combining from the weigh wagon to de-
termine deoxynivaenol concentration, percent protein,
and test weight. Data was andyzed with the generd
lineer modd (GLM) in SAS. Least Sgnificant differ-
ences were used to compare means at the 5% prob-
ability levd.

The Hunter location was previoudy cropped soybean.
The trid was located on the east half of the quarter
directly south of afield previoudy cropped corn. Winds
in North Dakota blow predominately from the NW
enhancing the potentia for Fusarium head blight. The
cultivar ‘Waworth’ hard red spring wheat, suscep-
tibleto Fusarium head blight, was planted in early May.
Treated plots were 1000 feet long lying in an east-
west direction. Fungicide applications were made on
8 July from at 10:00 to 11:00 am. about three days
after Feekes growth stage 10.51, the optimum time
for fungicide gpplication. Fusarium head blight ind-
dence and field severity countswere taken on 21 July.
The plots
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were harvested on 13 August by threshing the center
30 feet of the spray area with a John Deere model
9600 combine and measuring the sample in a weigh
wagon provided by Pioneer and operated by David
Strand.

The St. Thomas location was previously cropped
sugarbeet. The cultivar ‘Oxen’ hard red spring whest,
aso susceptible to Fusarium head blight, was planted
onMay 7. Treated plotswere 850 feet long lying in an
east-west direction. Fungicide gpplicationswere made
on 7 duly from at 9:00to 11:00 am. at Feekes growth
stage 10.51 Fusarium head blight incidence and field
Severity counts were taken on 26 July. The plotswere
harvested on 18 August by threshing the center 25 feet
of the spray areawith an AGCO Gleaner moddl R65
combine and measuring the samplesin awe gh wagon.

RESULTSAND DISCUSSION

Levels of FHB disease were smdl at both locations.
No ggnificant differences in FHB incidence or fied
severity, foliar disease, yidd, test weight, and protein
were measured a the . Thomas site. Deoxynivaenol
(DON) was not present. No differencesin spike cov-

erage were determined between trestmentsat St. Tho-

meas. Average FHB incidence waslesswhen largedrop
treatmentswere compared to small drop treatmentsat
Hunter, 21.3% to 16.9% respectively Table 2. Two
spray gpplicationswith smdl drops had smdler yieds
than two applications with large drops and one appli-

cation with small drops. The yield data did not corre-

late with the spike coverage data. The coverage data
indicated sgnificantly less backsde coverage on the
two greeter yieding trestmentsand sgnificantly greeter
front coverage on the one pass large drop treatment
compared tothegreater yie ding treetments. Thisseems
to infer that the yield increase was not a result of in-

creased fungicide coverage. The data from the water

sengtive cards (Table 3) showed dmost no coverage
on the backside of the paperswith one spray applica:
tion and a5 to 10 fold increase in backside coverage
with asecond spray application from the opposite di-
rection. Thisincreasewaslikdy not aggnificant amount
of area covered and enough spray volume deposition
compared to front Side or to the horizonta card cov-
erage to affect yield. The volume median diameter
(VMD) depogtion datadid contrast drop Sze between
the front and backside of the cards, smal drop range
235-299 VMD and large drop range of 340-439
VMD on front sde and small drop range 162-182
VMD and large drop range 109-165 VMD on back-
sde. The cards dso showed that only relatively smal
drops deposit on the backside regardless of travel di-
rection indicating the wind likely was a contributing
factor to deposition Sde. The volume medium diam-
eter range, 235-439, dso indicates a comparatively
large drop selection range can be achieved by aerid
Spray units with minor adjustments.
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Table 1. Aerial application equipment type and spray application technology parameters by
location, 2003.

Equipment or Parameter Treatment St. Thomas Hunter
Description Parameter
Aircraft Type Airtractor 502Agtr uck
Nozzle Type & Orifice Size Small Drops CP0.078 CP0.078
Large Drops CP0.125 CP0.125
Nozzle Deflection Angle from Small Drops 90 30
Horizontal in Degrees Large Drops 0 0
Nozzle Number 34 44
Operating Pressure 30 35
Spray Volume (gpa) One Pass 5 5
Two Passes 25 25
Swath Width (ft.) 50 64
Flying Speed (mph) 118 125
Flying Height (ft. above canopy) 8 8
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OBJECTIVES

The study had two principle objectives: 1) Determine
if increasing spray volume can improve fungicide per-
formance for control of Fusarium head blight (FHB).
2) Determine the effects of drop size on fungicide ef-
ficacy for control of FHB.

INTRODUCTION

Fungicide applications to smdl grains for control of
FHB have often give results that are inconsistent.
Studies have been completed that define application
timing parameters that improve on previous results.
Studies on gpplication volume and pressurein green-
house and fidd environments have show improved
coverage of spikes with increasing gpplication vol-
ume but il having incondstent fungicide efficacy.
Droplet sze is different with changes in volume and
this interaction. Possible effects on fungicide efficacy
have not been thoroughly examined. Thisreport isa
summary of 2004 field application studies completed
at Langdon.

MATERIALSAND METHODS

A series of gudies using ground application equip-
ment were initiated in 2004 to determine if Soray so-
lution volume and drop size can improve the perfor-
mance of fungicide for the control of Fusarium head
blight (FHB). An interdisciplinary team involving ag-
riculture engineering and plant pathology researchers
was used to address the gpplication problems. Four
trials were established at the Langdon Research Ex-
tenson Center in goring 2004. Barley, durumand hard

red spring wheat (HRSW) were planted to evauate
Soray solution volume for improved efficacy of fungi-
cidefor FHB control. A fourth sudy was established
on HRSW to measure differences among drop Sizes
in the category fine, fine, and medium.

The durum and barley spray volume studieswere es-
tablished on an area previoudy cropped with smdll
grains. The HRSW spray volume and spray drop sSize
studies were established on an area previously
cropped soybean. The trids were designed as ran-
domized complete blocks with five replicates on the
barley and durumtridsand Sx replicatesonthe HRSW
trias. The soil typewasaBarnes-Sveacomplex. Ap-
proximately three weeks prior to heading dl tridsre-
caived aninoculum of 330 gramsof barley grainscolo-
nized by F. graminearum. The inoculum was hand
broadcast on individua plots to increase chances of
FHB infection. The durum study also received aspray
goplication of F. graminearum macroconidia. The
macroconidia, 250,000 spores/ml, were applied by
CO, backpack sprayer in 18.4 GPA water. Five 0z/
acre of the Bayer experimental fungicide
(prothioconazole), JAU 6476 with 0.125% v/iv In-
duce surfactant, was applied to the barley a growth
stage Feekes 10.3, and wheat at Feekes 10.51. The
spray volumes, 5, 10 or 20 gpalacre, were applied by
CO, pressurized tractor sprayer through Spraying
Systems XR8001 nozzles on either one or two pard-
lel boom configurations depending on desired volume
for the three spray volume studies. The nozzles were
mounted on a double swivel and angled 30 degrees
downward from horizonta and oriented to spray for-
ward and backward or forward to maximize spike
coverage. The spray boom was configured with 5 sets
of nozzles on 20-inch nozzle spacing. For the drop
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Sze study Spraying Systems XR8001, XR8002, and
XR8003 nozzleswere used to atain thefine, fine, and
medium drop Sizes and gpplied at 10 gdlons water/
acre. The pressure was 40 pd for dl the treatments
except for the XR8003 nozzleswhichwas 20 ps. The
tractor traveled a 6 mph for the studies. North Da-
kota State University Extension recommended crop
production practicesfor Northeast North Dakotawere
followed.

Differences between treatments were measured by
using water sendtive cards and spike photography.
Water sengitive cards were placed back to back on
stands and oriented verticdly both in the direction of
travel and perpendicular to the direction of travel and
horizontally. The WRK DropletScan sysemwas used
to determine the drop size from deposits on the water
sensitive paper. Day-Glo orange dye, mixed with wa
ter at 1.75% v/v and Induce adjuvant at 0.125%v/v,
was sprayed on additiona plotsto characterize spike
coverage. Grain headswereremoved and imaged with
alow light CCD camera under incandescent lighting
and under ultraviolet lighting to determine totd spike
area and spray coverage on both the front and back
Sides of the spike. Twenty-one spikes were photo-
graphed from each trestment. Additiondly, from the
barley spray volume study and the HRSW spray vol-
ume and drop size studies, gpproximatey 200 grams
of heads were sampled from each of four plots and
combined to form two replicates of treetments. The
sampleswereimmediatdy frozen and shipped to Bayer
Crop Science to determine fungicide and metabolite
resdue (Data not reported in this paper). A visud
disease estimati on was made from 20 samples per plot
20 to 30 days after fungicide gpplication to estimate
the FHB incidence (number of spikes infected) and
FHB fidd severity (number of FHB infected kernds
per head divided by totd kerndsper individua spike)
of each plot. Each plot was harvested with a Hege
plot combine and the grain sample cleaned and pro-
cessed for yied, protein, and test weight determina
tion and plump on barley. A sub sample was ground
and analyzed for the toxin deoxynivaenol (DON) by
North Dakota State University. Data was andyzed
with the generd linear model (GLM) in SAS. Least
ggnificant differences (LSD) were used to compare
means a the 5% probability level.

RESULTSAND DISCUSSION

The Langdon area mean summer temperatures were
colder than the previous low by over 1.5 degrees
making this the coldest summer in over 100 years.
Theamount of disease development in the studieswas
amal and was areflection of the summer growing en-

vironment. Additiondly, the fungicides were required
to provide protection for much longer periods of time
than the norma 20-30 days it takes for the plants to
meaturein thisregion. Disease development on the bar-

ley study was minima so only the untreated plotswere
rated for disease levels. The fungicide trestmentswith
nozzles oriented forward and backward and the five
gdlon treatment increased the % plump sgnificantly
over the untreated (Datanot included). No differences
were measured in yidd or test weight. In the HRSW
spray volume study the 5 gpatreatment had the same
yield asthe untreated (Data not included). The 10 gpa
nozzles forward had less yield than the ether the un-

treated or the 5 gpatreatment as did the 10 gpa F+B
and the 20 gpatreatments. No differences were mea:

sured in test weight or percent protein. The durum
spray volume study’ s disease level was influenced by
thecrop’ ssusceptibility to FHB, the planting date, and
thegpplication of additiona inoculum and had the great-
est FHB of the studies. Although therewere no differ-
encesinyied and test weights, al the fungicide treet-
ments reduced FHB incidence and field severity and
deoxynivaenal levds ggnificantly (Table 1).

In the drop size study dl the fungicide trestments de-
creased FHB incidence and field severity over the
untreated (Table2). No differencesinyidd, test weight,
and protein were determined. Spray coverage (Table
3) generdly was linear by spray volume increasing as
gpaincreased. The backside of the spike had up to 1/
5 less coverage than the front Side. Forward orienta:
tions had |ess coverage than forward and back orien-
tations. Straight down orientation front on barley were
lessat 10 gpathan F + B and not different at 5 and 20
gpa. Forward orientation was not different from F +
B orientation on barley a 5 or 10 gpa but much less
on HRSW at 10 gpa. The durum data was excluded
because the fluorescing flowers on tip of the kernds
cannot be removed physicdly or by means of filtering
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without affecting the actua spray droplets. Because
theseflowers occupied rddivey larger areasthan soray
droplets, we can not make conclusions on spray cov-
erage for durum in this case.

From the data on the water sensitive cards severa
conclusions can be drawn (Table 4). At spray vol-

umes greater than 5 gpa, drop sizes are the same due
to sequentia deposition on areas previoudy receiving
Soray deposits. Smalest drop Szesare associated with
cardswith very few total deposits. Most of thesewere
on the card side opposite the direction of the prevail-

ing wind gust during gpplication. The cards with the
most coverage reflected the direction of the prevailing
wind or wind gusts. Fewer spray depositswerefound
on cardsin barley compared to theless dense HRSW
canopy. Mean coverage was greater on forward ori-

ented nozzles a 5 gpa than Sraight down oriented
nozzles. F + B nozzle orientation at 20 gpahad grester

coverage than al other soray volumes and most ori-
entations. Any benefits of smadl drop size diminished
with spray volumes greater than 5 gpa. Therewereno
differences in coverage by nozzle type.
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Table 1. FHB incidence, field severity, yield, test weight, and DON in durum by spray

volume, Langdon 2004.
Boom number

Fusarium head blight

Spray and nozzle Incidence Field severity  Yield Test DON!
volume orientation weight
(gallong/acre) (%) (%) (bu/ac) (Ib/bu) (ppm)
untreated 46 4.6 727 60.7 35
5 1F 19 11 79.0 60.2 0.8
10 2F 15 0.9 70.7 60.3 0.7
10 1F+B 16 0.7 80.8 60.5 0.7
20 2F+B 17 1.3 80.8 60.0 09
LSD? 19 1.6 NS NS 11
% C.V. 61 68 12 2 59

' Deoxynivalenol

2 Significant at 0.05 probability level for mean comparison
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Table 2. FHB incidence, field severity, yield, test weight, and protein in HRSW by spray drop size,
Langdon 2004.

Fusarium Head Blight

Nozzle Drop size Incidence Fied severity Yield Test Protein
category weight

(gallong/acr€) (%) (%) (bu/ac) (Ib/bu) (%)
Untreated 60.8 31 54.0 56.9 12.7
XR8001 Fine 26.7 0.9 52.0 56.3 12.8
XR8002 Fine 33.3 1.4 54.0 57.0 12.6
XR8003 Medium 25.8 0.9 57.9 56.7 12.6
LSD* 18.5 1.3 NS NS NS
% C.V. 41 65 20 2 3

*Significant at 0.05 probability level for mean comparison.

Table 3. Spike spray coverage by crop, spray volume and nozzle orientation,
Langdon 2004.

Crop or spray Nozzle Area of spray deposition
volume orientation Back Front Mean
(%) (%) (%)
Barley
Untreated 0.06 0.04 0.06
5 Straight Down 0.48 2.36 1.42
5 Forward 0.47 1.20 0.83
10 Straight Down 0.15 0.87 0.51
10 Forward 1.66 3.16 2.41
10 F+B! 1.31 5.00 3.15
20 Straight Down 1.22 6.83 4.02
20 F+B 1.83 9.50 5.66
LSD 0.8 3.01 1.87
% C.V. 51 48 47
HRSW
5 Forward 1.1 2.6 1.8
10 Forward 6.1 104 8.2
10 F+B 9.2 23.1 16.2
20 F+B 14.9 26.2 20.6
LSD? 4.7 8.7 5.5
% C.V. 30 28 23

* Nozzle orientation forward and backward
2 Significant at 0.05 probability level for mean comparison
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WHEAT AND DURUM
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!Dept. of Plant Pathology; and 2Dept. of Plant Sci., North Dakota State University, Fargo, ND 58105, USA
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OBJECTIVES

To determine whether glyphosate drift onto growing
goring wheat and durum plants a a sublethd dosage
affects their subsequent susceptibility to FHB.

INTRODUCTION

The 2004 Monsanto decision to withdraw develop-

ment of “Roundup Ready” whest for the foreseegble
future has somewhat lessened urgency of concern over
effects of glyphosate on FHB. Despite that, there
have been recent reports that wheat grown on land
where glyphosate had been used on a previous crop
might have a greater risk of FHB (Fernandez et d.,
2004); and reports of tests showing that low levels of
glyphosate stimulated growth of Fusarium in culture
(Hanson and Fernandez, 2003).  In whesat country,

the use of herbicideresstant cultivarsin cropssuch as
soybean and canolahas grown dramatically in the past
decade. In North Dakota, for example, 74% of the
1.4 million ha.of soybean grown wereherbicideress-

tant cultivars as were about 80% of the 0.5 million ha
of canola Together that acreageisequivaent to about
one-third of the area planted to spring wheat and du-

rum, making it very likdy that afidd with a herbicide
resistant row crop may be adjacent to awhesat field or
in arotation with awhest crop.

MATERIALSAND METHODS

In North Dakota, the spring wheet and durum breed-
ing programs maintain nurseries on a university farm
a Prosper, ND, some 40 km northwest of Fargo.
One of those nurseries is the FHB testing nursery,
equipped with overhead migt irrigation and inocul ated
with Fusarium graminearum-infested corn kernels

spread on the ground thoughout the nursery. Thetri-

dsinthisnursery use hill plots planted at a spacing of
30 x 45 cm; each hill isone genotype.  In replicated
trials the hill plots are grouped into blocks based on
configuration of the planter but each replicate isin a
different block.

In 2003 a plot of “Roundup-Ready” soybeans was
located immediatdly adjacent to the wheat and durum
breeding nurseries. The spring wheet and durum FHB
nursery was located aong the border with the soy-
bean plot. The soybean plot was sprayed with
glyphosate during a period when the wind was blow-
ing directly from the soybean plot toward the whest
nursery. The wheet was in the late tillering Sage a
thistime. The wheat border strips (ca. 3 m wide)
were killed outright or severely stunted and never re-
covered. Withinthe FHB nursery severd tridlswere
planted in arandomized complete block design. Four
of these replicated trials were located in such away
that some blockswere on the side of the nursery clos-
est to the misapplication and others were on the Sde
farthest awvay. The closest plots were gpprox. 3 to
10 m downwind from the directly sprayed areg; pre-
sumably they were subject to highest exposure and
showed vishble height reduction a time of flowering.
Fantsin plots on the Sde of the nursery farthest away
(approx. 40 m) from the spray drift area showed no
visud symptomsand grain harvested from these plants
appeared normal.  Within the exposad plots some
individua genotypes appeared to be more affected
than others by the drift but al showed some symp-
toms. The distance from the spray drift source and
the most distant blocks was beyond the range consid-
ered gppropriatefor buffer zonesfor protection of very
sengtive vegetation from glyphosate drift (Yateset d.,
1978).
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FHB scores were taken visudly at 3.5 weeks post
anthess. Atleast 20individua spikesfrom each geno-
type and replicate were scored for FHB symptoms
(Stack and McMullen, 1995). Hillswere marked in-
dividudly at anthesis so that FHB scoring wasdone at
the same number of days post anthes's, regardiess of
the flowering date for the genotype. FHB severity
scores were taken on plantsin all replicate plots.

In durum, replicate blocks of the Uniform Regiond
Durum Nursery (URDN) and the Elite Durum Nurs-
ery (EDA) were digtributed throughout the nursery
dgte.  While each trid had different sets of lines, we
were able to identify ten genotypes that were present
in every replicate block of both of these trids. Two
replicate blocks containing those ten lines were adja
cent to the glyphosate drift, two most distant, and two
were in between.

In spring wheet there were four replicated trids avall-
able; thesewerethe Uniform Regiona Nursery (URN),
the Variety and Advanced Lines Trid (VAL), the Ad-
vanced Yidd Trid lines (AYT) and the Uniform Re-
giona Scab Nursery (URSN). Because each trid
had replicates distributed across the postions in the
nursery, we did not attempt to identify a common set
of linesbut report the meansfor the entire sets of geno-
typesin each trid: URN 39 entries, VAL 41 entries,
AYT 71 entries; URSN 39 entries.

RESULTSAND DISCUSSI ON

The FHB severity was significantly lower in the
glyphosate affected plantsin both spring wheat and in
durum. There was no observed relationship between
the amount each genotype was visualy affected by
the glyphosate exposure and its FHB susceptibility.

In durum (Table 1.) the mean FHB severity of the 10
sdlected linesintheplots closest to the glyphosate drift
was 62%, Sgnificantly lower than thet inthe plotsmid-
way or mogt distant from the drift which did not differ
from each other (74.9%, 73.7%, respectively).

In spring whest (Table 2) entire replicates of 39to 71
genotypes were present in positions adjacent to or
digant from the glyphosate source.  In each of the

four trids represented, the FHB scores of thelinesin
the blocks closest to the glyphosate were lower than
those in the more distant blocks. Differencesin loca-
tion were gatidticaly sgnificant in each of thefour tri-
as present.

Given the number of genotypesand number of hill plots
involved and the large number of individualy scored
spikes (over 7,000 in spring whest, 1,200 in durum),
it seems unlikdy that the observed systemdtic differ-
encesaresmply dueto random variation among plots.

Some reports have implied that glyphosate may in-
crease FHB inwhesat. Such reports have been seized
upon by anti-GMO activists who have interpreted far
more into them than the authorsthemselves. There-
ports published so far, however, have been based on
crops growing on land treated the previous season
(Fernandez et d., 2004), or on culture studies with
the fungi (Hanson and Fernandez, 2003) - - both are
indirect evidence at best. Theresultswe present here
are based on crops exposed to glyphosate during the
growing season as any possible “Roundup-Ready”
wheet would have been. Thisisquite adifferent Situ-
ation than that reported by Fernandez et d.

The opportunity for this sudy wasfortuitous; the mis-
gpplication and subsequent spray drift was not planned.
The layout of the nurseries with replicate blocks on
opposite Sdes of the nursery was d so fortuitous; had
the drift come from east or west instead of south to
north, it would not have been possible to match up
exposed and non-exposed groups of the same geno-

types.

The dosage of glyphosate to these plants was not de-
termined but was likely very low since whest is very
sengtive and most plants survived.  In a dosage re-
sponse study of smulated glyphosate drift on whest, a
height reduction of the order seen here was associ-
ated with exposure levelsin the range of about 3% to
10% of the normal field application rate (Deeds et d.,
2005).

Correlations do not prove causation. We examined
possible factors which might have resulted in such a
pattern of disease.  Mafunction of the migt irrigation
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or improper didribution of inoculum in this nursery
were not found. The soil on which the nursery was
located was uniform and had a uniform cropping his-
tory over the previous severa years.

To guide FHB scoring, every hill ineach replicate block
was individualy marked at flowering time o that each
could be scored at the same number of days post an-
thesis. If the crop wereretarded or advanced by the
glyphosateexposure, that effect would have been com-
pensated for by the marking procedure and any dif-
ferences in flowering time in the glyphosate exposed
plots were, therefore, unlikely to account for the ob-
served FHB difference. Other factorsnot investigated
might be found to account for these observations a-
though every effort was made to examine such.

The results of Fernandez et a. (2004) are dso only
correlaions, athough over severad yearsand locations.
In controlled field and greenhouse studies in North
Dakota where low doses of glyphosate were applied
to whest, no consistent effect of those trestments to
either increase or decrease FHB was found (G.

Bresnahan and S. Neate, 2004, Personad communi-
caion). Controlled studies under different environ-
mental conditionsusing proper experimentd designare
needed to sort out these effects or the lack thereof.
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Table 1. Comparison of FHB severity in ten durum wheat lines present in plots adjacent
to or distant from a sublethal glyphosate spray drift occurring at late tillering stage.

FHB Severity (%) *

Location §
Linet Distant from drift Midway Adjacent to drift
D901155 50 65 41
D91103 55 61 43
RUGBY 58 62 52
BELZER 56 67 I6)
PIERCE 88 77 52
LEBSOCK 91 77 55
RENVILLE 82 70 76
D87450 80 93 73
MAIER 88 86 76
D88541 89 91 72
Average 73.7a 749a 62.0 b

* FHB severity scored on minimum of 20 spikes per replicate.

8 Location: Distant plots were 25 - 40 m from spray application; Adjacent
plots were 3 - 10 m from sprayed area.

T Lines are listed in order of overall mean FHB severity. D901155 and
D91103 are MR checks, D87450 and D88541 are susceptible checks.

a. b: Meansfollowed by different letters are significantly different at
p=0.05.

Table 2. Comparison of FHB severity in spring wheat in plots adjacent to or distant from
asublethal glyphosate spray drift occurring at late tillering stage.

% FHB Severity *
Trial 8 (Number of lines)

URN VAR  AYT URSN
Position of plotst  (39) (41) (71) (39)

Distant from drift 470b 498D 39.7b 455D

Adjacent to drift. 27.8a 182a 179a 19.6a

* FHB Severity value is mean of all entries. (Twenty spikes of each
genotype in each block were individually scored for FHB).

§ Trials (all had 4 replicate blocks): URN = Uniform Regiona
Nursery for Spring Wheat; VAR = Varieties and Elite Lines Test;
AYT = Advanced Yield Trial lines; URSN = Uniform Regional
Scab Nursery for Spring Wheat.

T Location: Distant plots were 25 - 40 m from spray application,;
Adjacent plotswere 3 - 10 m from sprayed area.

a, b: comparisons within columns only; values followed by
different letters are significantly different at p=0.05.
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Republic; 2 Indtitute of Chemical Technology Prague, Department of Chemistry and Food Analysis, Technicka
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Havlickova 2787, CZ-76701 Kromeriz, Czech Republic
“Corresponding Author: PH: 420 545214110/37; E-mail: havlova@brno.beerresearch.cz

ABSTRACT

The qudity of barley and consequently of malt is of basc importance for ataining the good beer qudlity.
Gushing of beer isavery negative phenomenon so far not completely investigated.

The term gushing is common bath in the English and in German literature and it usudly indicates spontaneous
over-foaming of beer from abottle or tin. It expressesitsdf manly in beer but it can occur in non-acoholic
beveragesaswell. Basically, immediate release of carbon dioxide (CO,) upon bottle opening, isregarded here
[1].

Causesfor gushing creation can be various. So called “ primary gushing” is probably associated with formation
of compounds produced in barley after it is attacked by Fusarium spp. The above mentioned fungd disease
occurs most often in wheat and barley and it is caled “Fusarium head blight* (FHB) atogether

The presence of FHB in a barley caryopss and mdt is dso connected with other Sde effects influencing the
beer qudity such as off-flavor or premature floccul ation of yeasts|eading to precocious termination of fermen-
tation [2].

Occurrence of so cdled primary gushing is connected with a barley caryopsis atack by microscopic fibrous
fungi not only by Fusarium spp. but also by e.g. Aspergillus, Rhizopus, Penicillium, and Nigrospora. The
actual compounds that cause gushing are unknown. These compounds are probably a product of a plant -
pathogen interaction, result of a preceding stress of an organism.

We followed the occurrence of Fusarium spp. and amount of over-foamed beer — gushing in the sdlected
gpring barley varieties that were grown after different forecrops, i.e. sugar beet, maize, rape and ceredl.

REFERENCES

Pellaud J.: “ Gushing: State of the Art”, Cerevisia 27 (4), 2002, 189-205.

Axcell B., Van Nierop S, VundlaW.: Malt Induced Premature Y east Flocculation, Tech. Q. Master Brew. Assoc. Am. 37,2000,
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ABSTRACT

Fusarium head blight (FHB) isamgor diseasein dl European whest producing regions. The principle patho-
gen asociated with FHB in Europe is Fusarium graminearum and itsteleomorph Gibberella zeae, but also
other species occur. Monitoring results in Europe indicate that FHB epidemics occur preferably in maize-
whest rotations. These results were confirmed by a 10-year monitoring of natural FHB incidence in Bavaria
with annualy 400-700 samples. Maize as a pre-crop is especialy worse in combination with conservation
tillage systems, which are favoured for economic reasons and by governmenta support over the last years
(Beck & Lepschy, 2000). Important factors determining infection of FHB are: quantity, inoculum potentia,
incorporation and decomposition of pre-crop residues interacting with climate conditions and whest cultivar
resstance. The present study was conducted in order to evauate the influence of maize resdues differing in
Gibberdla gtak rot infection and residue management practices on FHB incidence of winter wheet. In a 2-y
(2003, 2004) factorid field trid at two locations (Ihinger Hof 480 m a. s. 1., 8°C, 690 mm; Oberer Lindenhof
700 ma s. 1., 7°C, 930 mm) maize residues collected of cv. Arsend (stak rot infested) and cv. Hdlix (non-

infested) were spread onto winter wheet plots (cv. Darwin — susceptible to FHB, cv. Petrus— rather resstant
to FHB) to smulate no-till winter whesat after maize. In another experiment different tillage practices were
smulated by dispersa of maize resdues on winter wheet plots (cv. Darwin). Experimental factors were: (a)
amulated mulch tillage (maize residues incorporated with rotary tiller), (b) smulated no-till (gpplication of
mai ze residues after sowing without incorporation), (¢) chopped maize residues (5-10 mm length, application
after sowing), (d) application of compensating fertilization (30 kg N ha*) on maize residues after sowing. To
avoid plot-to-plot dispersal of ascospores, test plots were spaced 14 m gpart with winter wheat crops in
between. FHB incidence was substantialy affected by the interaction of year and stak rot infection of maize
resdues. Significant effects of different maize resdues were observed in the susceptible winter whest cv.

Darwin in 2004, when wet wegther conditions favoured FHB infection. Stalk rot infested maize residues (cv.

Arsend) caused on average ahigher diseaseincidencein following wheet (cv. Darwin) than non-infested maize
residues (cv. Helix). FHB incidence was mainly affected by winter whest cultivar, whereas FHB incidence of
the rather resstant cv. Petrus was 96% less than that of the susceptible cv. Darwin. Incorporation and partia
buria of maizeresduesdid not Sgnificantly affect FHB disease incidence. When maize res dueswere chopped
fine, FHB incidence was lower than in corresponding plots with residues cut to pieces of 250-300 mm. In
contrast, gpplication of nitrogen to enhance decomposition of maize resdues did not affect FHB incidence.
Theresultsindicated that smal amounts of infested residue can provide sufficient inoculum for FHB epidemics
in susceptible whest varieties under favourable conditions for infection. Cultura practices in conjunction with
Gibberella stk rot resstance of the previous crop maize can help to reduce inoculum potentid and subse-
quent FHB infectionin epidemic years. Additiondly, high resstance of whest varietiesto FHB isaprecondition
to meet exidting guiddines on mycotoxin levels a high risk for FHB infection.
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OBJECTIVES

To evauate a common st of foliar fungicide treat-
ments, across a range of environments and whest
classes, for effectivenessin managing Fusarium head
blight (FHB) symptoms and deoxynivaenol (DON)
accumulation in wheet.

INTRODUCTION

FHB isapotentidly devastating disease that can re-
sult in serious economic losses for whegat producers,
millers, and end-users of whesat products. Grain con-
taminated with DON, a mycotoxin usudly associ-
ated with FHB, can cause hedth problems in both
humansand livestock. Asaresult, grain exceeding 2
ppm DON is often discounted at sale and grain with
higher DON accumulation may be reected by the
buyer. Thus, identifying fungicides that sgnificantly
reduce FHB symptomsin thefield, and DON accu-
mulation in harvested grain, would have widespread
benefits to growers and end-users of al market
classes of whesat. The Uniform FHB Fungicide Tri-
aswere established in 1998 as ameans of evauat-
ing promising, manufacturer-supported, fungicides
that may be useful in FHB management programs
nationwide.

MATERIALSAND METHODS

Uniform Test - Scientistsfrom 12 states conducted
27 trids across a range of environments and whest
classes in 2004 (Table 1). Six fungicide trestments
and a non-treated check where evaluated in each
trial. Disease pressure was enhanced in about one-
half of the trials by inoculating with Fusarium
graminearum and mig-irrigeting. Twelve of 27 tri-

aswere conducted in fieldswith 20% or grester sur-
faceresdue (barley, corn, or wheet). Fungicideswere
applied at early flowering (Feeke sstage 10.51) using
a CO?-pressurized sprayer, equipped with Twinjet
XR8001 nozzles mounted at a 60° angle backward
and forward. The experimenta design wasarandom-
ized complete block. Plot size, crop husbandry, spray
volume and pressure, sprayer type, and number of
trestment replications varied by location. Consult in-
dividua datetrid reportsfor details. For dl trids, per-
cent FHB incidence, severity, index (i.e., plot sever-
ity), and Fusarium-damaged kernels (FDK) were
measured as previoudy described (McMullen, et dl.,
1999). DON accumulation was measured at one of
the two USWBSI-funded DON Testing Laborato-
ries.

Summarization of Results - In severd instances,
more than one whest class or variety was grown at
the same location. These were treated as separate
experiments for the purposes of this summary. Data
were grouped and gatigticaly andyzed according to
whether they involved spring or winter wheat. The
experimental design wasarandomized complete block
using locations as blocks. Data were subjected to
anaydsof variance (ANOVA). Percentage datawere
arcsne-trangormed prior to being datidticaly andyzed.
When ANOVA resultsindicated asignificant (P= 0.05)
treatment effect, means were subjected to a means
separation test (Student-Newman-Keuls, P=0.05).
Percent control by each treatment (an industry stan-
dard measure of fungicide efficacy) was caculated to
givethereader an additiona means of comparing treat-
ment efficacy. Tests with very low diseese incidence
or severity (<10%) and low DON (<2ppm) were not
included in gatigtical andyses.
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RESULTSAND DISCUSSION

Winter Wheat - Data from winter whegt trids are
summarized in Table 2. FHB pressure was heavy in
mogt trids. All trestments except Folicur and Tilt Sg-
nificantly reduced FHB incidence compared to the
check. FHB severity, index, and FDK were sgnifi-
cantly reduced by al trestments. Both trestments in-
volving JAU6476 and the high rate of V-10116 Sg-
nificantly reduced DON compared to the check. Trest-
ments involving Falicur, Tilt, and the low rate of V-
10116 (4 fl 0z/A) had DON levels comparable to the
check. FHB and DON suppression associated with
treatments were within the ranges previoudy reported
for fungicides in the United States (Hershman and
Milus, 20033, 2003b). No treatment provided better
than average control of FHB or DON. Generdly, the
high rate of JAU6476 (5 fl 0z/A) was the best per-
forming treatment, followed by JAU6G476 (2.85 fl oz/
A) + Folicur (3.17 fl 0z/A) and both rates of V-10116
(4 or 61l oz/A).

Spring Wheat - Data from spring whest trids are
summarizedin Table 3. FHB pressurewashighly vari-
able across locations. All trestments except Tilt Sg-
nificantly reduced FHB incidence, whiled| treatments
sgnificantly lowered FHB severity and index compared
to the check. FDK and DON were sgnificantly re-
duced by dl trestments except Folicur and Tilt. Asin
the winter whest trials, no trestment provided better

than average control of FHB or DON. In contrast to
winter whest trids, therewaslittle difference between
treatments involving JAU6476 or V-10116.

Spring and Winter Wheat Comparison- When data
were averaged across fungicide trestments, fungicide
efficacy (expressed as percent control) was datiti-

cdly smilar for winter and spring wheset (Table 4).

Thisisin contrast to 2003 Trids where spring wheet
had an overd| greater responseto fungicidesthan win-

ter wheat (Hershman and Milus, 2003b)
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Table 1. 2004 Uniform Wheat Fungicide Trials.

20% or more

State and Test and Wheat Water barley, corn, or
Principal investigator location class Test ID Inoculated applied”wheat residue?
AR/ Milus Fayetteville  SRWW AR Yes Yes No
IN / Shaner West Lafayette SRWW IN1 No Yes Yes
North Vernon SRWW IN2 No No Yes
IL / Malvick Urbana SRWW IL1 No No Yes
/ Adee Monmouth SRWW IL2 No No Yes
/ Adee Carbondale  SRWW IL3 No No Yes
LA / Padgett Baton Rouge SRWW LAl Yes Yes No
Winnsboro SRWW LA2 Yes Yes No
MD / Grybauskas Queenstown  SRWW MD1 Yes Yes No
MI / Hart East Lansingl SRWW MI1l Yes Yes No
East Lansing2 SRWW MI2 Yes Yes No
MO / Sweets Columbial  SRWW MOl No No No
Columbia2  SRWW MO2 No No No
MN / Hollingsworth  Crookston HRSW MN No No Yes
ND / McMullen Carrington HRSW ND1 No Yes No
Fargo HRSW ND2 Yes Yes Yes
Langdon 1 Duram ND3 Yes Yes No
Langdon 2 HRSW ND4 Yes Yes No
Minot HRSW ND5 No No No
OH / Lipps Wooster SRWW OH Yes Yes No
SD / Draper Brookingsl HRSW SD1 Yes Yes Yes
Brookings2 HRSW SD2 Yes Yes Yes
Watertownl HRSW SD3 No No Yes
Watertown2 HRSW SD4 No No Yes
Groton 1 HRSW SD5 No No No
Groton 2 HRSW SD6 No No No
VA / Stromberg Warsaw SRWW VA No No Yes
12 States 27 Tests 15 SRRW 12yes 14yes 12yes
11 HRWW 15no 13no 15n0
1 Durum
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ABSTRACT

We are sudying resstance to Fusarium head blight (FHB) in winter wheet plants pre-trested with chemica
defense activators. Severd potentia defense-inducing compounds including chitosans, acibenzolar-S-methyl,
DL-3-aminobutyric acid, Milsana, Trehdose, Resstim have been pre-screened for their defense inducing
capacity by using a detached leaves test (Browne and Cooke 2004). Promising candidates were further
tested for their FHB-resistance inducing cgpacity on mature winter wheet plants in a controlled environment
and in afied experiment during the summer of 2004.

Symptom development in heads of winter whest after Fusarium cul morum inocul ation was reduced in plants
pre-treated with Res stim one week prior to inoculation. The reduced disease devel opment in Resistim treated
compared to water-treated winter whegat plants, was found after both point inoculation and spray inoculation
of theheadswith F. culmorumin greenhouse and field studies, respectively. Further sudies on the percentage
infected kernels and mycotoxin content will be performed on grains from the different treetments in the fidd
experiment.
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OBJECTIVE

Evauate and compare the fusarium head blight (FHB)
control efficacy of experimentd chemicd products
when gpplied to hard red spring whest in Minnesota
Cooperdively, the multi-gate uniform fungicide trid
effort will indicatewhich fungicide compoundsaremost
effective in reducing disease severity on whesat across
diverse environments and under various disease pres-
sures.

INTRODUCTION

Fusarium head blight was origindly described more
than a century ago (Stack, 2000). Sincethat timethe
disease has caused severe and repeated epidemicson
smdl grain crops (Sutton, 1982; McMullen et d.,
1997; Steffenson, 1998; Windds, 2000) resulting in
billionsof dollarsin croplosses(McMullenet d., 1997,
Wood, 2002). Morespecifically, Nganjeet a. (2004)
estimated the recent 1993-2001 FHB epidemics
caused economic losses of grester than $5.2 billionin
Minnesota and North Dakotaaone. The diseasere-
mains a condant threet to the economic stability of
smadl grain growersin production areas with rain, hu-
midity, or heavy dews during critica fungd infection
periods (McMullen, 1997).

Successful infection of Fusaria pathogens is largdy
dependent on environmenta conditions prior to, and
during the period when the crop is in a susceptible
growth stage. Culturd disease management strategies
(i.e. crop rotetion, tillage, and fied sanitation) have
offered producerspartid suppression. Likewise, mod-
erate disease suppression has also been achieved from
gpplication of sdlect fungicide productsat Feekes 10.51
(early flowering stage). Ongoing research on disease
control efficacy of experimentd fungicides is needed

to preserve smdl grain yidd and qudity lossesin re-
gionsmost at risk for catastrophic crop losses.

MATERIALSAND METHODS

Hard red spring whesat cultivar * Oxen’ was planted 4
May 2004 into wheat stubbleat 1.25 million live seed/
acrein arandomized complete block design with four
replicates. Each plot wasinoculated with 112 kg ha't
of Fusarium graminearum infested corn grain five
weeks after planting. Night-cycle migt irrigation was
initiated after inoculation and continued until 3 August;
growth stage Feekes 11.2 (soft dough stage). Misting
was discontinued temporarily during the growing see-
son when wegather events caused standing water a
thetesting ste. Puma, Harmony GT, MCPA, and Tilt
wereapplied to thetest siteon 8 Juneto control weeds
and early season leef disease. Afterward, weedswere
managed by hand as needed.

Tenweekséfter planting (14 July), fungicide treatments
were gpplied to wheet in the Feekes 10.51 growth
sage (early flowering). Trestment gpplications were
made with aCO, backpack-type sprayer adjusted to
40 ps at 18-20 gpawith forward and backward po-
stioned ‘' XR' Teget flat fan 8001 VSnozzles. On 26
July, leaf spotting disease severities were recorded.
The same day spikes were collected and frozen until
FHB symptoms could be rated. The test was har-
vested 17 weeks after planting on 31 August.

Fusarium heed blight severitieswere estimated accord-
ingtothevisua scdepublished by Stack and McMullen
(1995), while percent visudly scabby kernds (VSK)
was estimated using a set of grain standards provided
by R. Jones and based on Jonesand Mirocha (1999).
Percent leaf disease was estimated using James
(1971). Grain sample deoxynivaenol (DON) levels
were determined by the Univerdty of Minnesota Toxi-
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cology Lab in St. Paul utilizing the gas chromatogra-
phy/mass spectrometry (GC/MS) method. ANOV As
were performed with SAS using PROC GLM.
Fisher's protected least sgnificant difference (LSD)
mean comparisons were used to identify satisticdly
different trestments.

RESULTSAND DISCUSSION

The nontreated control had sgnificantly more severe
disease than the fungicide trestment with the best dis-
ease control (Table 1). The mixed-product treatment
(‘JAUB476" + ‘Folicur’) dgnificantly reduced FHB
and lesf disease symptoms, preserving crop yied and
grain quaity across al categoriestested. The‘JAU-
6476 (5 fl oz) treatment significantly controlled
fusarium head blight incidence and visudly scabby
kernds, while increasing yidd. DON leves, as well
asfusarium head blight and |eaf disease severitieswere
controlled with the‘V-10116 (6l 0z.) treetment while
test weights were improved over the nontreated con-
trol. Application of ‘Tilt' resulted in the least disease
control of al products with resultsin five of eight cat-
egories not sgnificantly different from the nontreated
control (e.g.: FHB incidence, visudly scabby kernels,
DON, leaf disease severity, and kernd test weight).
‘Folicur’ offered the greatest leve of disease control
of those productscommercidly avallableto smdl gran
producers. Compared with the nontreated contral, it
produced significantly better resultsin six of eight cat-
egories. While not sgnificantly different from the
nontreated control, ‘Quadris caused an increase in
gran DON levelsover the control. This phenomenon
has been noted in the past resulting from head appli-
cations of strobilurin-based fungicides.

ACKNOWLEDGEMENTS

The authors would like to thank the U.S. Wheat and
Barley Scab Initiative and the Northwest Research

and Outreach Center for supporting this research,
BASF Corp., Bayer CropScience, Syngenta Crop
Protection, and Vadent U.SA. for supplying fungicide
materias, and the Universty of MinnesotaMycotoxin
lab for providing DON reaults.

REFERENCES

James, C. 1971. A manual of assessment keys for plant dis-
eases. Can. Dept. Agric. Publ. 1458. American Phytopatho-
logical Society. St. Paul, MN.

Jones, R.K. and C.J. Mirocha. 1999. Quality parameters in
small grainsfrom Minnesotaaffected by Fusarium head blight.
Plant Disease 83:506-511.

McMullen, M., R. Jones and D. Gallenberg. 1997. Scab of
wheat and barley: A re-emerging disease of devastating im-
pact. Pl. Dis. 81:1340-1348.

Nganje, W.E., S.Kaitibie, W.W. Wilson, F.L. Leistritz,and D.A.
Bangsund. 2004. Economic impacts of fusarium head blight
inwheat and barley: 1993-2001. NDSU AES Report No. 538.

Stack, R.W. 2000. Return of an old problem: Fusarium head
blight of small grains. Pl. Health ProgressOnline. 0622-01-RV .

Stack R.W. and M.P. McMullen. 1995. A visual scaleto esti-
mate severity of Fusarium head blight in wheat. NDSU Ext.
Bulletin 1095. Fargo, North Dakota.

Steffenson, B.J. 1998. Fusarium head blight of barley: Epi-
demics, impact, and breeding for resistance. Technical Quar-
terly 35: 177-184.

Sutton, J.C. 1982. Epidemiology of wheat head blight and
maize ear rot caused by Fusarium graminearum Can. J. Pl.
Path. 4:195-209.

Windels, C.E. 2000. Economic and social impactsof Fusarium
head blight: Changing farms and rural communities in the
Northern Great Plains. Phytopathology 90: 17-21.

Wood, M. 2002. Gene jockeys fight Fusarium head blight.
August issue. United States Dept. of Agriculture, Agricul-
tural Research Service, Beltsville, MD.

325



Chemical, Cultural and Biological Control

Table 1. Fusarium head blight and leaf spot disease responses from ‘Oxen’ hard red spring

wheat in Crookston, Minnesota during 2004.

Fusarium Head Blight

L HS | FS VXK DON LD? Test WA Yield
Treatment (%) (%) (%) (%)  (ppm) (%) (Iblbu)  (buA)
1. Nontreated contral........... 41.9a 98.5a 41.2a 27.5a 15.2a 7.2a 51.8a 33.3a
2. Folicur 432SC 4fl oz ...... 32.7bc  86.0bcd 28.1bc 22.5ab 12.9a 42bc  53.9bc 42.7b
3. Tilt 3.6EC 4fl oz ............ 34.8b 92.5ab 32.2b 27.5a 12.2ab 6.9a 52.4ab 41.3b
4, JAUG476480SC5fl oz.. 26.3de  78.5d 20.6¢d 10.3d 7.4bc 48bc 57.2d 55.6d
5. JAU6476 480SC 2.85 fl
oz + Folicur 317l oz ... 22.9e 81.5d 18.7d 9.8d 4.9c 41bc 57.2d 56.6d
6. V-10116 1.81FL 6 fl oz .. 24.1e 84.0cd 20.3cd 12.8cd 5.0c 34c 56.5d 50.9cd
7.V-10116 1.81FL 4fl oz .. 31.1bc  90.7bc 28.2bc 14.5bcd 7.5bc 42bc 53.7bc 51.5cd
8. Quadris2.08F 9fl oz ...... 29.7cd 86.0bcd 25.6bcd 20.8abc  16.0a 5.6ab 52.6ab 39.6b
9. Headline2.09EC9floz.. 32.2bc 93.0ab 29.9b 20.0abc 11.9ab 3.2c 54.7c 48.9c
LDg05 3.90 7.81 8.81 9.26 5.19 2.09 1.82 5.94
CcVv 60.0 6.1 22.2 345 34.4 98.2 2.3 8.7

Each fungicide treatment included 0.125% Induce. Treatment abbreviations are HS, head severity; |, incidence; FS,
field severity (field index); VSK, visually scabby kernels; LDS, leaf disease severity.

“Fungal foliar diseases consisted of Septoria/Stagonospora blotch complex (Septoria tritici and Sagonospora

nodorum) and tan spot (Pyrenophora tritici-repentis).
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OBJECTIVE

Evauae and compare fusarium head blight (FHB)
suppression resulting from application of fungicide
products on spring barley in northwest Minnesota.
Cooperdively, the multi-gtate uniform fungicide trid
effort will indicatewhich fungicide compoundsaremost
effectivein reducing disease severity on barley across
diverse environments and under various disease pres-
sures.

INTRODUCTION

Fusarium head blight was origindly described more
than a century ago (Stack, 2000). Sincethat timethe
disease has caused severe and repeated epidemicson
smdl grain crops (Sutton, 1982; McMullen et a.,
1997; Steffenson, 1998; Windds, 2000) resulting in
billions of dollars in crop losses (McMullen et d.,
1997; Wood, 2002). More specificaly, Nganjeet al.
(2004) estimated the recent 1993-2001 FHB epidem-
ics on smdl grains resulting in economic losses of
greater than $5.2 billion in Minnesota and North Da
kotaaone. The disease remains a constant threat to
the economic stability of small grain producersin ar-
eas with rain, humidity, or heavy dews during criticd
fungd infection periods (McMullen, 1997).

Successful infection of Fusaria pathogens is largely
dependent on environmental conditions prior to, and
during periods when crops are susceptible. Cultura
disease management drategies(i.e.: croprotation, till-
age, and fidd sanitation) have offered barley produc-
ers partia suppression, and barley varieties with re-
gstance to FHB are not yet available. Disease sup-
pression has been achieved from agpplication of sdect
fungicide products a Feekes 10.50 (early-heading
stage). Ongoing research on disease control efficacy
of experimenta fungicidesisneeded to preserve mat-

ing qudity barley grain in areas where the crop has
been grown historicaly.

MATERIALSAND METHODS

Spring barley cultivar ' Robust was planted 4 May 2004
into wheat stubble at 1.375 million live seed/acrein a
randomized complete block design with four repli-
cates. Each plot was inoculated with 112 kg ha* of
Fusarium graminearum infested corn grain five
weeks after planting. Night-cycle migt irrigation was
initiated after inoculation and continued until 3 August;
growth stage Feekes 11.2 (soft dough stage). Misting
was discontinued temporarily during the growing see-
son when wegather events caused standing water a
the testing Ste. Puma, Harmony GT, MCPA and Tilt
wereapplied to thetest siteon 8 Juneto control weeds
and early season leef disease. Afterward, weedswere
managed by hand as needed.

Nineweeksafter planting (7 July), fungicide trestments
were gpplied to barley in the Feekes 10.5 growth stage
(early-heading). Treatment gpplications were made
with a CO, backpack-type sprayer adjusted to 40
ps a 18-20 gpa with forward and backward posi-
tioned ‘XR' Teget flat fan 8001 VS nozzles. On 26
July, leaf spotting disease severities were recorded.
On 28 duly, spikeswere collected and frozen until FHB
symptoms could berated. Thetest washarvested 15
weeks after planting on 17 August.

Fusarium head blight severities were determined by
counting the number of symptomatic glumes on each
head and dividing diseased glumes by thetotal glumes
per head. Percent leaf disease was estimated using
James (1971). Grain sample deoxynivaenol (DON)
levels were determined by the University of Minne-
sota Toxicology Lab in S. Paul utilizing the gas chro-
matography/mass spectrometry (GC/MS) method.
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ANOVAs were paformed with SAS using PROC
GLM. Fisher's protected least Sgnificant difference
(LSD) mean comparisons were used to identify sta
tigicdly different treetments.

RESULTSAND DISCUSSION

The cool growing season provided an optimum envi-
ronment for barley productioninthe Red River Valey
while frequent rainfal increased disease pressures.
Four of eight disease response categories (FHB inci-
dence, FHB fidd severity, DON, and yield) did not
have dgnificantly different results (Table 1). Of the
categories with significantly different results, the
nontreated control had thelargest ratingsfor FHB head
Severity, visudly scabby kernels, and leaf disease se
verity, but was not different from ‘Folicur’ (4 fl 0z/A)
for most reduced 1000-kernd weights. ‘Headling
resulted in sgnificant control of FHB head and lesf
disease severities and fewer visualy scabby kernds
were noted. Two treatments (' JAU6476 5l oz and
‘JAUB476" + ‘Folicur’) resulted in increased 1000-
kernd weights.
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Table 1. Fusarium head blight and leaf spot disease responses from ‘Robust’ spring barley in
Crookston, Minnesota during 2004.

Fusarium Head Blight
HS [ FS DON LD? 1000 Yield

Treatment! %) @ o) Y om (%) Kkend  (buac)
1. Nontreated contral........... 37.9a 98.5 374 73.8a 18.6 0.93a 34.1a 88.2
2. Folicur 432SC4fl oz ...... 29.4bcd 995 294  425bc 138  050bcd 34.1a 93.0
3. Tilt36EC4floz.......... 318 993 316 563ab 150  073ab  358bc 991
4.JAUGAT6480SC5fl0z..  242¢f 945 229  263c 116 025d  36.8¢c 9.6
5. JAU6476 480SC 2.85 fl

302bc 970 293  438bc 111 033cd  36.7c 92,9

oz + Folicur 3.17fl oz .........
6.V-10116 1.81FL 6fl0z ..  758d4ef 990 255  43.8hc 99  060bc  360bc  99.2
7.V-10116 1.81FL 4fl 0z . 277def 990 274  550ab 116  055bc  34.9ab 994

8. Quadris 2.08F 9fl oz ...... 324b 995 322  313bc 148  033cd  364bc  104.3
9. Headline2.09EC9floz.. o35 970 228  200c 158  023d  358bc 944
L.SDo.05 3.94 NS NS 278 NS 0.30 1.56 NS
cv 67.0 330 241 436 305 418 3.0 9.8

*Each fungicide treatment included 0.125% Induce. Treatment abbreviations are as follows: HS, fusarium head
severity; |, FHB incidence; FS, field severity (field index); VSK, visually scabby kernels; LD, leaf disease severity.
*Foliar diseases consisted of Speckled leaf blotch (Septoria passerinii and Sagonospora avenae f. sp. triticea), net
blotch (Pyrenophora teres) and spot blotch (Cochliobolus sativus).
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ABSTRACT

Uniform coverage of Folicur® (tebuconazole) on wheat heads s critica for overdl protection from Fusarium
head blight. Spray coverage on wheet heads using a conventiond sprayer with single-spaced nozzles on a
boom has not been satisfactory. Wheat producers and custom chemica applicators need more options to
achievethe highest possible effectiveness of the fungicide (total and uniform coverage), smple and inexpensive
spray-boom configurations, and the ability to spray at high travel speeds. This has led to an investigation of
various spray ddivery sysems and nozzle configurations for overall coverage — and uniformity of coverage
— of spray solution on whest heads. 1n 2001, UV dyein various sprayers showed coverage on whesat heads
from various spray configurations. In 2002, 2003, and 2004, water senditive papers (Spraying Systems Co.,

Wheston, IL) were used to evauate spray coverage, which were transformed into cylinders to mimic whegt
heads before spraying. After each pray treatment, the papers were unfolded, scanned, and analyzed for
coverage on eech “sde’ of the “heads’ usng SigmaScan Pro Verson 5.0 software. In addition to the spray
coverage data, copper was used in the spray solution in dl years, except 2001, to assess the amount of
chemica gpplied on each “sde’ of the paper cylinders. The ground Sprayer nozzle configurationsincluded the
use of Turbo TeeJ&® nozzlesin aforward-back configuration, TwinJet® nozzles, air induction nozzles, Turbo
FloodJet® (single nozzles dternating forward and backward aong the boom), Full Jet nozzles, and the use of
Twin Caps, dl nozzle configurations on ground sprayers were compared at forward speeds of 10 and 19 kph
(6 and 12 mph) and sprayed at the same water volumes. Ground sprayer configurations were compared with
the airplane and hdlicopter in 2002. The backward-forward nozzle configuration and the FloodJet configura:

tion produced the highest coverage and apparent distribution of chemica on the smulated wheat heads when
compared to al other spray applicators. In thesetwo sprayer configurations, aforward speed of 19 kph was
equal intotal coverage and uniformity of coverage compared to 10 kph at the same water volumes. All other
Spray nozzle configurations, however, had either lower total coverage, higher variability, or both, when spray-

ing a 19 kph compared to 10 kph. TwinJet nozzles a 9 kph produced haf the coverage of the backward-

forward nozzles, but coverage was relaively uniform compared to the Twin Cap and flat fan configurations.

Although the soray coverage from the airplane and hdlicopter wasrelatively low (<3%), the amount of chemi-

cd that reached the “heads’ was comparable to most of the other ground gpplicator systems, but lessthan the
backward-forward and FloodJet configurations. These datawill be presented, along with aranking of sprayer
systems for effective gpplication of fungicides for controlling Fusarium heed blight.
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THE EVALUATION OF TRICHODERMA HARZIANUM ASA
BIOLOGICAL CONTROL AGENT OF GIBBERELLA ZEAE
S. Inch*” and J. Gilbert*
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ABSTRACT

Fusarium head blight (FHB) is currently the most important disease of wheet and other smdl grainsin Canada.
In Manitoba, the principa pathogen associated with FHB isGibberella zeae (Schwein.) (anamorph =Fusarium
graminearum Schwabe). Perithecia and ascospores of G. zeae develop on residue in the spring and are the
primary source of inoculum. Presently, there are no registered resistant whest varieties, and no rdliable chemi-
casor biologica agentsto control FHB. The objectives of this study were to investigate the biocontrol poten-
tid of Trichoderma harzianum (Rifa) and to determine the mechanisms in which control of the diseese is
achieved. Eleven T. harzianum isolates were evauated by confrontation plate assays for their antagonistic
action againg F. graminearum. Trichoderma harzianum isolates were paired with F. graminearum in Petri
plates containing potato dextrose agar (PDA). All but one isolate showed some ability to overgrow F.
graminearum. Isolates T83, T51, T30, and T183 overgrew F. graminearum by 20 mm or more. | solates of
T. harzianum, which reduced mycdlid growth of F. graminearum, were further tested to determine their
effects on the production of perithecia and ascospores of G. zeae on wheat residue. Spore suspensions, or
cdl-freefiltrates of T. harzianum isolates, were applied to wheat residues either 24 h before, co-inoculated,
or 24 h after, inoculation with G. zeae. Plates containing the treated residues were placed under UV lightina
randomized complete block design with 4 replicates per treatment. On residues that were inoculated with
ether spore suspensions or cdl-freefiltrates of T. harzanum, 24 h before G. zeae, perithecia and ascospore
devel opment were substantially reduced. Residues that were co-inoculated showed moderate reduction. No
control was achieved when the resdues were inoculated firgt with G. zeae. The effect of gpore concentration
and mechanisms of control are currently being investigated.
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ABSTRACT

In the UK, Fusarium head blight (FHB) is generdlly associated with a complex of five different pathogens:
Fusarium culmorum, F. avenaceum, F. poae, Microdochium nivale and more recently F. graminearum.
Theincreasein F. graminearum combined with the imminent introduction of EU legidation, setting limits for
mycotoxin contamination of grain, means that the effective control of FHB is becoming increasingly important
in the UK.

Thereare severd approachesto the control of FHB infection theseinclude use of resistant cultivars, fungicides,
biologicd control and culturd practices. Theuse of resstant cultivarsis potentially the most effective gpproach
to FHB control; however, in the absence of effective resstant cultivars, the main approach for FHB control is
likely to remain the use of fungicide. The effectiveness of fungicides againg FHB in the fidld has been ques-
tioned due to incondstent results, in many instances the inconsistency may be atributed to incorrect fungicide
gpplication, especidly through wrong product choice or miss-timing of application. However, even when
goplied optimally the best products currently available are ill likely to be only 60-70 % effective.

To achieve optimal control of FHB pathogens and their associated mycotoxins there are severd areas where
choices have to be made, these include the product used, application rate and gpplication timing. Inthe UK it
isnot uncommon to find severa FHB pathogensinfecting the ear at the sametime. Thiscan complicate disease
control, particularly as different products can be differentidly active againg the different pathogensinvolved in
the disease complex e.g. triazole fungicides such as tebuconazol e have cons stently shown good efficacy against
Fusarium species but not M. nival e, whereasthereverseistruefor strobilurin fungicides such asazoxystrobin.

It has dso been shown that depending on the species present on the ear, product choice can adversdly influ-

ence the levels of mycotoxin found in grain. The optimum time for FHB infection is during crop flowering.

Fungicides currently on the market are most effective when gpplied as fusarium spores arrive at the ear. The
efficacy of dl fungicides reduce as the timing between fungicide application and inoculum arriva increases, until

eventudly dl efficacy islogt. In generd, this occurs when the difference between spore arrival and fungicide
goplication is greater than five days. Theleve of control achieved by afungicide can dso be grestly affected
by the rate a which it is gpplied with, not surprisingly, a higher rate of gpplication giving gregter control. This
paper will focus on how timing and rate of fungicide gpplication affect the control of FHB pathogens and

associated mycotoxins.
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THE LONGEVITY OF FUNGICIDES CONTROLLING FHB IN WHEAT
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OBJECTIVES

Longevityor duration of fungicide activity is an
importantfeature of practica fungicidetechnology. Sev-
erd fungicidesweretested with artificia inoculation up
to 28 day inoculation following spraying at flowering

INTRODUCTION

The durability of the fungicidesis along issuein plant
protection. For the leaf diseases it is relaive easy to
do as oraying technology isgood or excellent and the
naturd infection is normally enough to secure infection
severity. The extinction of the fungicide effect can be
seen by the newly developing symptoms, sointhisre-
gpect it was never a hard to gain data. For FHB the
dtuaionismore problematic. In many yearsno or spo-
radic naturd infection is present, the spraying technol-
ogy is not good to cover heads and artificia inocula-
tion has aso the problem of not complete coverage of
heads. For this reason the information is less reliable.
Our microplot method (Mesterhézy et a. 2003) cor-
rects most of these setbacks of the methodology and
with the precise timing of the spraying and inoculation
the problem can be tested much better than by any
earlier methods.

MATERIALSAND METHODS

The tests were made in 1999, 2000 and 2001. Three
cultivars with differing resstance were used (Zugoly,
Samson, Bence), three plot replicates (5 m?) for acul-
tivar were usad for afungicide treatment. Within each
plot four isolates of Fusariumwere used inthreerep-
licates as head of groups consisting of 15-20 heads
(Mesterhazy et d. 2003). Spraying terming: full flow-
ering. Inoculation: 1, 5, 10 and 15 days after fungicide
treatments in 1999, 1, 7, 14, and 21 days in 2000,
and 1, 14, 21 and 28 days in 2002 by gradualy ex-
panding theduration test. Evaluation: FHB, FDK, yidd

loss and DON contamination. Fungicides. Kolfugo S
1.5 I/ha, 20 % carbendazime, Caramba 1.0 (2000)
and 1.2 L/ha (2001), metconazole 60 g/L, Facon
250 g spiroxamine, 167 g tebuconazole and 43 g
triadimenole in one liter. In 2001 AMS 21619 and
Prosaro (125 g prothioconazole and 125 g
tebuconazole/L.) were additiondly tested.

RESULTSAND DISCUSSION

Table1 showsthe FDK vauesfor 1999. The Fusarium
control data show that later inoculation leads to re-
duced infection severity. Two weeks after flowering
only 10 % infection severity remained as mean across
al cultivars and isolates. When data are expressed as
a % of the Fusarium check, we see that efficacy for
Falcon 0.6 L/haincreased from 79 % to 37 % in two
weeks. For Falcon 0.8 no change was observed,
Kolfugo and Caramba remained nearly unchanged.
The DON data (Fig. 1) show a somewhat different
picture. The Falcon 0.6 L/hahad decreasing efficacy,
the Falcon 0.8 had only dight worsening during the
two week... Kolfugo was stable for 10 days, therest-
ter rapid decrease of efficacy followed.

Of the 2000 tests only the DON data will be shown
(Fig. 2.).Up to two weeks the data correspond to the
resultsin 1999. Uptothe 21% day dl logt efficacy, but
Falcon 1.0 L/ha had the smallest decrease. Caramba
showed theleast gahility. Kolfugo performed well two
weeks, theregfter lost rapidly efficacy.

The 2001 results agreed so far with the previous re-
aults than up to 14 days an acceptable stability was
found. Thereafter Caramba and Kolfugo lost dl effi-
cacies, Falcon 0.8 proved better than the two fungi-
cidesmentioned. The best performance wasregistered
at AM S2619 and Prosaro having after one month only
20 % of the check value,
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CONCLUSIONS

The three years study showed that durability of the
fungicide protection differs strongly between fungicides
Earlier we tested a number a fungicides (Mesterhazy
2003, Megterhézy et d. 2003), in this tests only the
bests were tested, Kolfugo was kept only as less ef -
fective check. It seems that tebuconazole and
prothioconazole are the most durable products among
the tested fungicides. Metconazole was aso often
mentioned as powerful fungicide, but in these tests it
ranked only third after prothipoconazole and
tebuconazole.

The best fungicides have now about one month pro-
tective time. In warmer traditional whesat production
areasthis securesagood control up totheripening. In
the northern regions where vegetation period is 2-3
weeks|onger thanin Hungary or Fargo, another spray-
ing can be necessary to combat late infection.

We found that the susceptible phase of whest is not
only the flowering, but may take at least about 10-12
days. In 1992 we made a Smilar test, repested the

inoculation 10 days later and there was no difference
between the infection severity of the first and second
inoculation. The reason was that after the second in-
oculation we received 50 mm rain and this humidity
could enhance a ggnificant infection.
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Table 1. Fungicide durable effect on FHB in wheat, grain infection data (%), 1999.

Inoculation days

after fungicide Fungicides
applicaion
KolfugoS15 Facon0.6 Facon0.8 Carambal.0  Fus.contr.
1 42.78 49.72 28.69 33.42 62.17
5 17.11 19.64 8.19 12.67 29.67
10 14.83 16.83 1353 13.42 30.61
15 5.28 3.47 4.47 381 9.22
Mean 20.00 22.42 13.72 15.83 32.92
Data expressed as % of the Fusarium check
Fus.contr. Facon 0.6 KolfugoS15 Carambal.0 Facon0.8
1 100.00 79.98 68.81 53.75 46.15
5 100.00 66.19 57.67 42.69 27.62
10 100.00 55.54 48.94 44.26 44.63
15 100.00 37.66 57.24 41.28 48.51
Mean 100.00 590.84 58.17 45.50 41.73
Figure 1.
Fig. 1. Chemical control of FHB in wheat.
Per centage of DON to Fusarium check, 1999
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Figure 2.
Fig. 2. DON contamination of grain samplesfrom
fungicidetreated wheat stands (% of the Fusarium
check), 2000
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Fig. 3. Duration of fungicides against FHB in wheat, FDK data as %
of the Fusarium check, 2001
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EXPERIENCE WITH DMI FUNGICIDES FOR THE CONTROL OF
FHB - EFFICIENT USE OF EFFICIENT TOOLS
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Bayer CropScience AG, Alfred-Nobe-Str. 50, D-40789 Monheim, Germany
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OBJECTIVES

To describe experience with DMI (demethylation in-
hibitors)-fungicides for the control of Fusarium Head
Blight (FHB).

INTRODUCTION

DMI-fungicidesarethelargest and most important class
of fungicidesapplied in ceredsover thelast thirty years.
Thedifferent generations of azolefungicideshave con-
tributed to suppress more and more disease in wheat
and barley. Neverthdess Fusarium Head Blight re-
mained themain chdlenge, cered growershavetoface.
Tackling this disease is very difficult because of the
presence of severd pathogens with different epidemi-
ology. With the introduction of tebuconazole Bayer
CropScience offered atoal for the chemica control of
FHB. The development of prothioconazole amongst
al fungicides sets new standards of Fusarium con-
trol. It presents an unsurpassed performance against
FHB and dl major associated mycotoxins, thus con-
tributing to the production of high qudity yied. This
paper presentsan overview on factorsinfluencing FHB
infection and its impact on qudity whesat production.
The possibility of an effective use of tebuconazole and
prothioconazole againg FHB are extensvey dis
cussed.

MATERIAL AND METHODS

Field trial - Fidd triaswere carried out under natu-
ral infection conditions in different areas of Western-
Europe (Germany, France, UK, The Netherlands) in
compliance with approved guiddines from 1997 to
2002 to characterise the efficacy of products contain-
ing tebuconazole and prothioconazole in comparison

to commercia standards. Treatmentswere carried out
during the flowering growth stage, preferably & the
beginning of anthesis (EC 61) one or two days after
rain. Thelevd of infection was evauated on the bass
of “percentage of infected spikelets” at EC 85 (wax-
ripe stage). At growth stage EC 99, grains from each
experimental trestment were harvested for further in-
vedtigations.

Mycotoxin analysis- Grains sampled from fidd tri-
adswere ground and andysed a IFA Tulln (Augtria).
Detection was performed on GC with e ectron-cap-
ture detection (Weingartner, 1997). All sampleswere
andysed in the ng/kg range for contamination with
deoxynivalenol. Furthermore, samples were partly
analysed for other B-trichothecenes (3 Ac-
deoxynivalenol (3 Ac-DON), 15 Ac-deoxynivaenal
(15 Ac-DON) and nivalenol (NI1V)) and/or
zearadlenone (ZEA).

Cytological studies - Cytologica studies were per-
formed under controlled conditions by Buchenauer at
the University of Hohenheim. As described by Kang
& Buchenauer (1999, 2000), the wheat plants were
sprayed with prothioconazole 1 day beforeand 1 day
after inoculaion. Fusarium graminear umwasinocu
lated at mid anthesis (EC 65) with a conidia suspen-
sion. The conidia suspension was pipetted into the
cavity between the lemma and paea of a spikelet in
the middle of aspike. Oneor three days after inocula-
tion theinoculated and uninocul ated whesat pikeswere
andysed by eectron microscopy.

RESULTSAND DISCUSSION

Integrated approach to the reduction of
Fusarium Head Blight - Tackling Fusarium Heed
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Blight in whest is a complicated problem as the de-
gree of severity of infection isafunction of the occur-
rence of various factors favourable to the develop-
ment of the disease. In addition , epidemiologica stud-
ies have demonstrated the complex biology of
Fusarium species and the difficulty of forecasting the
disease (Suty & Mauler-Machnik, 1996). Plants are
particularly susceptible to Fusarium Head Blight &t the
flowering growth stage. Nevertheless, depending on
the climatic conditions, dominating species may differ
from year to year. Moreover, tillage operations or
choice of variety are definitely involved in disease se
verity. Asthe Fusarium fungus is spread by resdua
plant maiter, reduced tillage in form of direct sowing
or minimd tillage dramatically increases disease inci-
dence and consequently mycotoxin contamination. The
presence of higher inoculum dendity is encouraged by
monocotyledonous previouscrop like maize or whest.
Especidly maize as previous crop represents a high
risk for anincreased infection by Fusarium Heed Blight
and high mycotoxin content. At lagt, even if no ress-
tant varieties are available, differencesin sengtivity to
Fusarium Heed Blight may dso influencethe mycotoxin
contamination of harvested grains (Obst et d., 2000).

Chemical control - Generdly, al applications of
Fusarium active compounds at the different plant
growth stages contribute to maintain the crop hedlthy
and reduce therisk of ear infection (Mauler-Machnik
& Zahn, 1994).

Inthelast 10 years (Suty et d., 1996), tebuconazole
containing products applied at flowering proved to
clearly reduce the disease severity of Fusarium Head
Blight and consequently decrease mycotoxin contami-
nation and increasetechnologica qudlity of cered grains
(baking and cooking performance, seed quality). Smi-
lar resultswere obtained ather after inoculation or under
natura infection conditions as described by different
authors (Homdork et al., 2000, Matthies &
Buchenauer, 2000, Schaffsmaet al., 2001).

Depending on application timing and technique varia:
tionin efficacy leve of tebuconazole containing prod-
ucts have been observed. Studies have shown that
tebuconazole should be applied +/- 5 days around
infection date. The best results have been obtained

when tebuconazol e containing products were applied
at the beginning of anthesis one or two days after rain.
Also the qudity of fungicide gpplication plays an im-
portant role in efficacy level. Reaching the ear is due
toitsverticaAnessacritica issue. Field studies showed
that standard application techniques using normal
spraying machinery cover only oneface of theear. As
only apartid redigtribution of thefungicidal compound
takes place, particular attention should be paid on the
use of appropriate spraying nozzles. For example, the
use of double fan nozzles, one spraying forward and
the other one backward, improved the efficacy of
tebuconazolesgnificantly againg Fusarium Heed Blight
(Courbon, 1995).

Prothioconazole — a new standard to control
FHB

M ode of action

Prothioconazole, as a sterol biosynthesis inhibitor,
shows no effect on spore germination but inhibits de-
velopment of germ tubes a very low concentration.

Results of studies usng scanning e ectron microscopy
show that prothioconazole, applied in aprotectiveway
(1 day before inoculation [1-1d]), inhibits germ tube
extenson and causes severe morphol ogicd dterations
of the fungus. In comparison to untreated fungi the
germ tubes are swollen and show multiple buds one
day after inoculation. The hyphd tipisoften extremely
swollen and gppearsin spherica shape (Fig. 1). Con-

sequently, no hyphd network can be formed and no
penetration of hyphaein any tissuesof thewheet gikes
can take place.

Three days after inoculation, F. graminearum forms
a dense hyphd network in untreated control. After
curative gpplication of prothioconazole (1 day after
inoculation [1+1d]), one day dfter inoculation, newly
formed hyphae become irregularly swollen and dis-
torted (Fig. 2), whereas hyphae that have been devel-
oped before fungicide trestment, show no morpho-
logicd dteration. The whole hyphd development is
less dense compared to the hyphae observed in the
control. Furthermore, no hypha growth can be de-
tected in the rachis,
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Efficacy of prothioconazole againgt Fusarium spe-
cies and yield response

Results on fidd efficacy of prothioconazole againgt
Fusarium roseum (F. graminearum and F.
culmorum) and Microdochium nivale are presented
in table 1 in comparison to tebuconazole, the com-
mercid standard for Fusarium Head Blight control to
date.

The rdatively low amount of results available for M.
nival e isdueto thelow incidence of this pathogen the
last 5years Globdly, resultsshow that prothioconazole
has a high activity potential against both F.
graminearumand M. nivale. Efficacy level obtained
with this molecule is sgnificant higher than that of
tebuconazole. Increased efficacy of prothioconazole
is d0 corrdated with yield responsg, in fact yidd is
improved much morewhen prothioconazoleis gpplied
a anthesis.

Reduction of mycotoxins by application of
tebuconazole and prothioconazole

Incidence of prothioconazole on formation of thethree
main Fusarium mycotoxins, deoxynivaenol (DON),
nivadenol (NIV) and zeardenone (ZEAS) in wheat
grains, has been investigated in comparison to
tebuconazole (Fig. 3).

Results demondtrate that independent of the mycotoxin
conddered, prothioconazole reduces more significantly
the leve of mycotoxin in grain than dl other commer-
cial standards.
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untreated 12 hours after inoculation prothioconazole 1day after inoculation [1-1d)]

Figure1l: Electron microscopical study on the effect of prothioconazole on development of
Fusarium graminearum applied protectively one day before inoculation (pictures:
Buchenauer & Kang, University of Hohenheim).

prothioconazole 3 days after inoculation [1+1d]

untreated 3 days after inoculation

Figure2: Electron microscopical study on the effect of prothioconazole on development of
Fusarium graminearum applied curatively one day after inoculation (pictures:
Buchenauer & Kang, University of Hohenheim).




Chemical, Cultural and Biolgoical Control

Table 1. Efficacy of prothioconazole against Fusarium roseum and M. nivale on ear disease

severity.
Doserate €efficacy (% untreated) relativeyield

Fusarium . |M. nivale (%)
Treatment (gai./ha) P

n* =35 n=3 n=33
untreated - (31%) (19%) (73.3 dt/ha)
Tebuconazole 250 63 48 116
Prothioconazole 200 73 76 125

*n = number of trials

1007 *(...) : median of toxin accumulation (ppb) in untreated
90
807 (1770)* (304)* (621)*
— 70
S 58 60 58
55 097
c3d 504
= c —
S= 401"
- Q8 |
£8 307
> /_
£ 204 O tebuconazole M prothioconazole
104
0_
deoxynivalenol nivalenol zearalenone
n=55 n=9 n=>5

Figure 3. Effect of prothioconazole on reduction of mycotoxin level in wheat samples (n =
number of trials), Europe 1998-2002.
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D.A. Schider* and G.J. Samuel s

1State Research Center for Applied Microbiology, Obolensk, Moscow Region, Russia; 2Research Center
of Toxicology and Hygienic Regulation of Biological Products, Serpukhov, Russia; All-Russa
Research Ingtitute of Biological Plant Disease Control, Krasnodar, Russia; “NCAUR, USDA-ARS,
Peoria, lllinois, USA; and SUSDA-ARS, Systematic Botany and Mycology Lab., Beltsville, USA
"Corresponding Author: PH: 7 (0967) 70-56-30; E-mail: kolombet_| @rambler.ru

ABSTRACT

A unique biocontrol Strategy that combines seed pretreatment with a biofungicide “Mycol” (Trichoderma
asperelum drain GJS 03-35) with spraying whesat plants during flowering with the yeast Cryptococcus
nodaensis OH 182.9 (NRRL Y-30216) to reliably reduce FHB development have been devel oped. Tests of
the“Mycol” preparation and the yeast OH 182.9 (EOD) have been performed on the spring wheat “Ivolga’ in
greenhouse conditions (the Moscow region) and on the winter wheat “Kupava' in fidd trids in the North
Caucasanregion. Anisolate of F. graminearum was used to insure adequate levels of disease development
in greenhouse and field experiments. Fusarium head blight (FHB) severity and incidence, aswell asmycotoxin
accumulation in wheset grains, was sudied for sngle or combination treatments with the biologica prepara-
tions. Mycol (in concentrations0,1; 0,5; 1,0; 2,0 kg / 1 tone of seeds) was used for whesat seed pretreatment.
The yeast preparation EOD (2,0E+107 cfu/ml) was gpplied by spraying wheet plants during flowering. Chemi-
ca pedticides (Raxyl, TMTD) and abiologica preparation Agat-25K were used as dternative control seed
trestments. In greenhouse experiments, inoculations of heads with ether biologica preparation 4 h prior to
inoculation with conidiaof F. graminearum significantly reduced FHB severity. For treatments conssting of
Mycol and EOD, 1000 grain weights were equivaent or higher than for control plants (both infected, and not
infected). Wheat seeds obtained from the plants protected by these biologica preparations germinated rapidly
and possessed high germination rates compared to the FHB contral. In field trids, Mycol treestments clearly
reduced FHB symptoms, gpparently providing animmunizing effect against FHB. Mycol reduced FHB sever-
ity and enhanced yield of the whest varieties used. The effect of Mycol used a a minimum test-dose (0,1 kg /
1 tone) was not so pronounced. The greatest reduction of FHB development was observed at a dose of
Mycol of 1,0 kg per 1 tone of seeds used in combination with EOD spraying. Experimenta results support the
contention that the offered technology has good prospectsin controlling FHB. The work was executed within
the framework of partner ISTC project 12336p.
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EFFECTS OF TILLAGE PRACTICES ON DON CONTENT IN BARLEY
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ABSTRACT

Six tillage sysemsin barley (Hordeum vulgare L.) monoculture have been studied to compare chisd and no-

till with conventiond tillage. The experiment, conducted &t the Research Farm of Agriculture and Agri-Food
Canadaat Normandin (Quebec), wasinitiated in 1990. The trestmentswere: T1: Conventiona (fall molboard
plowing and spring harrowing — 2 passes with a cultivator); T2: Chisdl (fdl) and spring harrowing (2 passes
with a cultivator); T3: Chisd (fdl) and spring harrowing (1 pass with a cultivator); T4: No tillage (fal) and

spring harrowing (1 pass with a rotative harrow); T5: No tillage (fal) and spring harrowing (1 pass with a
cultivator); T6: No-till (no tillage the previous fal and no harrowing in spring). Treatments were laid out in a
complete randomized block design with four replications. Plot Szewas 10 m X 10 m. Barley seeding rate was
170 kg ha*. Because fusarium head blight (FHB) has become the most important ceredl diseasein Northern
Quebec, DON content was measured in 2003 to determine the effect of soil tillage on FHB incidencein barley.

According to trestments, mycotoxin content varied from 2.2 to 7.4 ppm. DON content was higher for no-till

treatment (T6) than for other treatments (T1, T2, T3, T4, and T5). Because the fungus that causes FHB
survives on resdueleft on soil, and according to the results of thistrid, tillage practicesthat bury cereal residue
could be used to reduce the amount of inoculum.
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THE FUSARIUM GRAMINEARUM PKS12 GENE IS RESPONSIBLE
FOR THE SYNTHESIS OF THE POLYKETIDE AUROFUSARIN
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Rosager!, AngdikaFek3, Klaus S. Albertsen!, Siegfried Salomor?,
Lisbeth Bohnt, Wilhem Schéfer® and Henriette Giese™

!Department of Ecology, The Royd Veterinary and Agricultural University, DK-1871 Frederiksberg C,
Copenhagen, Denmark; 2 Microbiologica Laboratory, Plant Directorate, Building F, Skovbrynet 20,
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ABSTRACT

Thered pigmentation of Fusariumgraminearum and related speciesis dueto the deposition of aurofusarinin
the cel walls. To identify the polyketide responsible for the biosynthesis of this pigment random mutagenesis of
F. pseudograminearum usng Agrobacterium mediated transformation was carried out. Severa mutants
were identified that had atered pigmentation and plasmid rescue was carried out to identify the insertiona
events. All mutants had integration of the T-DNA in aregion upstream from a putative transcription factor with
homology to the aflatoxin gene, aflR. This region of the F. graminearum genome contain genes typicd of
polyketide gene clusters and identifies ?pks12 as the gene responsible for the synthesis of aurofusarin. Com-
parative PCR analyses of the aurofusarin gene cluster in F. graminearum, F. culmorum, and F.
pseudograminearum show conserved organisation. The expresson of individud genes in the dugter were
andysed by RT-PCR, ?pks12 isslenced in al mutants and most of the adjacent genes show reduced level s of
transcripts. To confirm that ?pks12 encodes the precursor for aurofusarin, targeted mutagenesis was carried
out. All disruptants showed an abino phenotype. Physiologica studiesof the?pks12 mutantswere carried out
to access the function of the aurofusarin. The ?pks12 mutants have higher growth rate and a 10-fold increase
in conidia production compared to the wild type indicating that the pigment negatively affects growth rate.
Infection studies were carried out on barley rootsin agterile culture system and by inoculation of whest heads.
The aurofusarin deficient mutants were fully virulent and it is concluded that this compound is not important for
pathogenicity. HPLC analyses of aurofusarin deficient mutants confirmed the absence of aurofusarin in the
mutants. In addition, these analyses showed that thereisan increaseinthe level of the mycotoxin, zearaenone.
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ABSTRACT

Fusarium head blight (FHB) has become an important disease of ceredsin moist regions of western Canada
This disease has played an important role in contributing to lower grain yieds and substantid downgrading of
durumwheat (Triticumturgidum L. var. durum). The objective of thisstudy, conducted at threelocationson
the Canadian prairie, two in Saskatchewan and one in Manitoba, from 2001 to 2003, was to determine the
effect of seeding density, nitrogen supply, fungicide trestment, and durum whest cultivar on FHB devel opment,
grain qudity, grade protection and economic return. A four-way factorid design was used with two seed
densities (150 and 300 viable seeds m?), two nitrogen rates (75 and 100% of recommended rate), three
cultivars (AC Avonlea, AC Morse and AC Navigator), and four fungicide treatments (no application, Tilt at
flag leaf, Folicur a anthesis and Tilt at flag leaf followed by Folicur a anthess). Increasing the seed densty
decreased FHB at 4 out of the 7 dite year when FHB occurred, however increasing the seed density tended to
increese leaf disease severity. The application of Folicur did not affect fusarium levels. The gpplication of Tilt
and /or Folicur decreased leaf disease at 6 out of 9 Site years and affected yield at 5 out of 9 Steyears. There
was no congstent effect from nitrogen or cultivar.
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EFFICACY OF TRIAZOLE FUNGICIDES FOR FHB CONTROL WITH
VARIOUSADJUVANTSAND SPLIT TIMINGS OF APPLICATION
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OBJECTIVE

To improve the efficacy of triazole fungicides in con-
trol of FHB using adjuvants and gppropriate timings of
goplication.

INTRODUCTION

Currently, thetriazole fungicide Folicur (tebuconazole)
has specid exemptionsin some stateswithinthe United
States (US) for use on wheat and barley to suppress
Fusarium heed blight (FHB). Another triazole, JAU
6476 (prothioconazol€), an experimenta product from
Bayer CropScience, isbeing tested in the USfor sup-
presson of FHB. A standard adjuvant recommended
for use with tebuconazoleisInduce, apetroleum-based
non-ionic surfactant. Various private companiesinthe
US| non-ionic surfactantssimilar to Induce, or have
other adjuvants for sdlethat are sllicone-based or are
encapsulating products (Thomsan, L, 1998). With so
many products on the market, more information is
needed about their efficacy with thetriazoles. Primi-
nary tests indicated few differences among adjuvants
when combined with Folicur (Jordhal et d. 2001).

Timing of gpplication o is known to affect efficacy
of fungicide gpplications for FHB control. In North
Dakota, three spring cereals vulnerable to FHB are
hard red spring whest, durum whest, and spring bar-
ley. The question on whether multiple infections of
these crops by Fusarium graminearum can be con-
trolled with asingle, gppropriatdly timed application of
atriazolefungicide needsto be answered. Preiminary
resultsindicated thismay be possblein hard red soring
whest cultivars, but not in barley (Jordahl et . 2003).
Neate et a. (2003) reported that split applications of
fungicideto barley did not provide asgnificant advan-
tage over asingle application under low disease pres-

asure. Further studies with durum wheat and barley
were needed.

MATERIALSAND METHODS

Hard red spring wheat (‘Grandin’), durum wheat
(‘Monroe’) and spring barley (‘ Robust’) were grown
in the greenhouse, and then exposed to single or mul-
tiple inoculations of Fusarium graminearum and
sngleor multiplefungicide applicationsa various head-
ing stages. For the adjuvant studies, dl fungicide ap-
plicationsweregpplied once, at early flowering (Feekes
10.51) in spring wheet and durum whest, and at early
full heed emergence (Feekes 10.5) in barley (Table
1). Adjuvantswere mixed with 4 fl oz/acre of Folicur
(tebuconazole) or with 5.7 fl oz/acre of JAU 6476
(prothioconazole) (Table 1). Experimenta adjuvants
were provided by Agrilliance LLC.

For the timing of application studies, inoculaions and
or fungicide applications were gpplied at head haf
emerged (Feekes growth stage 10.3), early flowering
or full heading (Feekes 10.51 in wheat, Feekes 10.5
in barley), and a kernd watery ripe stage (Feekes
10.54) (Table 2). Folicur a 4 fl oz/acre or &t re-
duced/split rates was used in the timing studies. For
both the adjuvant and the gpplication timing studies,
fungicide applicationswere made using atrack sprayer
mounted with XR800L1 flat fan nozzles oriented for-
ward and backward at 60° angle from vertical, deliv-
ering 18.3 gpaat 40 ps. Plantswere inoculated with
amixture of threeF. graminearumisolates, delivered
a arate of 10,000 spores/ml, 20 ml/pot, per spray
event with a DeVilbiss aomizer, 4 hrs after the fungi-
cide was applied. Immediately following inocul&tion,
plants were migted for 48 hours using a closed migt
system at or near 100% RH at 23°C (+ or —5° C).
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FHB incidence, head severity and field severity (inci-
dencex head severity) were determined at kerndl soft
dough stage. Field severity vaues were andyzed us-
ing ANOVA a the 95% and 90% confidence inter-
vas.

RESULTS

Adjuvants Acrossgrain dlassesandthetwotriazoles
tested, no sgnificant differenceswere observed among
adjuvants tested, when anadyzed a the 95% confi-
dencelevd, but somedifferenceswere observed when
adjuvant trestments a one were compared at the 90%
confidence level (Table 1). The adjuvants Placement
and the experimental adjuvant #1 (supplied by
Agrilliance LLC) were consgtent in having high FHB
field severity vaues, while Preference and the combi-
nation of experimenta adjuvant #1 plus Preference
were conggently low in FHB fidd severity vaues
acrossdl grain classesand triazole treatments. Place-
ment isan encagpaulating adjuvant, Preferenceisacrop-
based non-ionic surfactant and the compostion of the
experimentd adjuvantsis proprietary a thistime. In
genera, adjuvants tested did not perform better than
Induce adjuvant, except in barley, where some adju-
vant combinationswere better than Induce, when ana-
lyzed a the 90% confidence levd.

Timing Sudies. For barley, multipleinoculationssg-
nificantly increased FHB fidd severities over sngle
applications, with three inoculations and no fungicide
trestment resulting in a68.3% fidd severity (Table 2).
With three inoculation events, a multiple, 3-way split
gpplication of Folicur (total product applied was 4 fl
oz/acre) reduced FHB fidd severity to 42%, as com-
pared to a 52% field severity with a sngle full rate
gpplication gpplied at full heed emergence. FHB fidd
Severity values were the lowest with asingle inocula
tion and when a full rate of Folicur was gpplied at
early head emergence or a kernd watery ripe stage.

In durum, FHB fidd severity vaues were as high as
81.9% with threeinoculations. With threeinoculation
events, asinglefull rate gpplication of Folicur at Feekes
10.51 reduced the disease levd sgnificantly, to 18.5%.
Three split rate multiple gpplications in combination
with the three inoculations resulted in Smilar disease

levels (20% fidd severity) asthe Sngle full rate gppli-
caion (Table 2).

CONCLUSIONS

Adjuvants Some registered and experimental adju-
vants will provide a dight enhanced control of FHB
over the standard non-ionic product, when combined
with Folicur or JAU 6476. Other adjuvants are not
as satidfactory as the standard non-ionic surfactants
commonly used.

Timing studies: Indurum, asingle, appropriatetiming
of afull rate of Folicur fungicide may sgnificantly re-
duce FHB fidd severity caused by multiple infection
events. Inbarley, multipleinfection eventsare difficult
to control with a sngle, full rate gpplication or with
multiple reduced rate fungicide gpplications. Multiple
applicationsof higher ratesmay be necessary for FHB
suppression in barley under severe disease pressure,
or products with grester efficacy than Folicur may be
needed.
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Table 1. Effect of adjuvants on efficacy of triazole fungicides for control of FHB for
each grain class, averaged across two triazole fungicides (Folicur = tebuconazole, applied
at 4 fl oz/acre, and JAU 6476 = prothioconazole applied 5.7 fl oz/acre; both Bayer
CropScience products).

Average FHB field severity

Adjuvant Treatments®  Rate/acre Spring wheat’  Durum wheat®  Barley’
Untreated 22.9 47.5 48.7
Induce 0.125%v/v 2.3 6.3 12.4
Exp. # 1 + Preference 2 fl oz + 0.25%v/v 1.9 5.3 6.7
Placement+ Preference 2 fl oz + 0.25%v/v 2.6 4.8 9.3
Exp. # 2 1.0% viv 2.7 6.4 14.0
Exp. #3 0.5% viv 2.1 8.0 8.5
Rivet 0.5% viv 2.4 3.2 12.0
Preference 0.25% viv 1.3 4.2 7.7
Placement 2floz 3.2 10.2 11.6
Exp. #1 2floz 2.9 11.8 11.3
LSD 0.05 4.6 16.6 10.6
LSD 0.10 (trts only) 1.1 6.6 4.1

# Induce adjuvant provided by Bayer CropScience; all other adjuvants provided by
Agrilliance LLC; all applied to either Folicur (4 fl oz/acre) or JAU 6476 (5.7 fl oz/acre)
® Average of four trials; two with Folicur and two with JAU 6476

¢ Average of four trials two with Folicur and one with JAU 6476

d Average of four trials; two with Folicur and two with JAU 6476
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Table 2. Effect of single and multiple inoculations and Folicur fungicide (4 fl oz/acre +
0.125% v/v Induce adjuvant) applications on FHB field severity in barley and durum

wheat, 2003-2004 greenhouse tests.

;s Barl Durum
Fungicide | culation timing FHE fidd FHB fidld
Tt Folicur application timing severity® severity?
# Ratelac Feekesgrwthstg®  Feekes grwth stg? % %
1 - - 10.5(10.51) 9.1 22.3
2 - -- 10.54 10 0.8
10.5(10.51)
3 -- -- 10.54 42.3 65.7
10.3
4 -- -- 10.5(10.51) 68.3 81.9
10.54
5 4Floz 10.5 (10.51) 10.5(10.51) 05 15
6 4Fl oz 10.54 10.54 0.1 0.2
7 2Fl oz 10.5(10.51) 10.5(10.51) 14.7 o5 7
2Fl oz 10.54 10.54
1Fl oz 10.3 10.3
8 2Floz 10.5 (10.51) 10.5 (10.51) a2 20
1F oz 10.54 10.54
10.5(10.51)
9 4Fl oz 10.5(10.51) 10.54 13.8 17.9
10.3
10 4Floz 10.5 (10.51) 10.5(10.51) 52 18.5
10.54
10.5(10.51)
11 4F oz 10.54 10.54 35.3 46.6
12 4F oz 10.54 105 (.10'51) 8 41.5
no inoc.

2 Feekes 10.3 = head half emerged; Feekes 10.5 = early full head emergence; Feekes

10.51 = early flowering in wheat; Feekes 10.54 = kernel watery ripe stage

® Field severity = Incidence x Head Severity
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ABSTRACT

A study of aerid gpplication methods for fungicida control of Fusarium head blight (FHB) was done in 2004
asan interdisciplinary effort between Pathology and Ag. Engineering researchers from North Dakota, Minne-

sota, and the USDA/ARS Aerid Application research team from College Station, Texas. Three commercia
hard red spring wheet fields were identified for study, onein east centra and one in northeast North Dakota,
onein northeast North Dakota, and one in northwest Minnesota. Fungicide trestments were applied with an
Air Tractor AT-402B using CP-03 nozzles during the week of July 5th, when crop growth stage was a early
flowering. Two spray parameters, droplet size (175 and 350 um) and water volume (3, 5 and 10 gpa), were
tested at each of the three locations, with tTreatments were arranged asa 2 3 x 3 x 3 (3®)farrangedactorid in
arandomized complete block design with threereplicates. Thetwo threefactorstested weredroplet Sze (175
and 350 pum), and spray volume (3, 5 and 10 gpa), and location (St. Thomas, Crookston, and Hunter).Data
wasanadyzed asa3x 3x 2factoria, usng SASand the GLM procedure. The College Station, Texas, USDA/
ARSAerid Application Research Unit, using food grade dye and various methods of deposition measurement,
studied spray deposition on the wheat heads. Results of the deposition studies are being submitted for publi-

cation inthe Crop Science journd. In generd, smdler spray rateswith larger droplet Sizestended to result in
greater deposition of active ingredient on the wheat heads. For determination of disease control, with the
gpplication methods, Folicur (tebuconazole) fungicide was gpplied at 4 fl 0z/A with an addition of 0.125% v/
v of Activator 90 non-ionic surfactant. Disease eva uations were made gpproximately three weeks following
fungicide application, at soft dough stage of kernel development. Grain was harvested by the farmer coopera-

tors uang commercid harvest equipment, and yields were determined using weigh wagons.  Sub-samples
were saved for test weight and DON determinations. FHB incidences across | ocations and trestments ranged
from 8.8 to 32.3%, field severitiesranged from 0.4 to 2.3%, and yields ranged from 56.3 to 76.4 bu. /Aacre.
FHB generdly was sgnificantly decreased and yidld increased with fungicide trestments, but few sgnificant
differencesamong trestmentswere observed. L ocation differenceswere significant (P=0.1) acrossdl param-

eters measured except test weight. Test weights were sgnificantly different by droplet size (58.6 Ib/bu with
175um compared to 58.9 Ib/bu with 350pum). Location x galon/acreinteractions were sgnificant for FHB
incidence, FHB field severity and test weight. A 3-way interaction between location x galon/acre x droplet
gzedsowassgnificant. Therefore, additiond fidd testing will be necessary to determine disease differences
among application methods across locations.
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RESULTS OF THE UNIFORM FUNGICIDE TRIAL
ON BARLEY, NORTH DAKOTA, 2004
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ABSTRACT

As part of the nationd uniform scab fungicide trid, sx fungicide treatments were compared for control of
Fusarium head blight (FHB) in ‘Robugt’ spring barley at the Fargo, ND Agriculture Experiment Station. The
barley was drilled into wheat stubble on April 28, 2004. Herbicide gpplications of Puma+ Harmony GT +
MCPA egter were made a the 5-leaf stage. Corn graininoculated with Fusarium graminearumwas spread
evenly among plots. Following head emergence, amisting system provided added water to the plotswhenthe
nighttime humidity dropped below 90%. Fungicides were gpplied on July 1, a early full head emergence
(Feekes 10.5). Applications were with abackpack-type sprayer equipped with two XR8001 flat fan nozzles
oriented toward the grain head at a 30 degree angle from the horizontal. The fungicides were gpplied a 18.5
gpawith 40 ps. Diseasenotesweretaken at soft dough stage of development and the crop was harvested on
August 17", Thefungicide trestmentsincluded Folicur (tebuconazole) at 4 fl 0z/A, Tilt (propiconazole) at 4 fl
0z/A, aBayer Co. experimenta compound JAU 6476 (prothioconazole) at 5fl 0z/A, JAU 6476 a 2.85fl oz/
A + Folicur & 3.17 fl oz/A, aVaent Co. experimental compound V-10116 (metconazole) at 6 fl oz/A, and V-
10116 at 4 fl 0oz/A. Resultsindicated that dl trestments significantly reduced FHB field severity and DON
(deoxynivdenal) and dl treatments sgnificantly increased yield over the untreated check. Fungicide treet-
ments did not differ sgnificantly from each other, but the experimenta products generdly provided dightly
better disease control than the Folicur or Tilt. FHB field severity reductions ranged from 72.5 to 85%, DON
reductions ranged from 48.9 to 69%, and yield increases ranged from 9.6 to 13.9%. Results of thistria will
be published in Fungicide and Nematicide Tests.
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OBJECTIVE

To evauate experimental fungicides for control of
Fusarium head blight (scab) and leaf diseasesin hard
red spring and durum whesat in North Dakota.

INTRODUCTION

Uniform fungicide trids have been established across
grain classes and environments as part of the U.S.
Wheat and Barley Scab Initiative (McMullen and
Milus2002). The purpose of thesetridsisto evauate
efficacy of fungicidesin reducing Fusarium head blight
severity (FHB), Fusarium damaged kernels (FDK),
and deoxynivalenol (DON) levels. North Dakota
continuesto participate in these trids and tests fungi-
cidesat severd locationsacrossgrain classesand cul-
tivars.

MATERIALSAND METHODS

A uniform st of sx fungicide treetments were evau-
ated on hard red spring and durum wheset in ND in
2004 (Table 1). Fungicides tested included Folicur
(tebuconazole), which had a Section 18 exemption
for use on wheat in ND in 2004, JAU 6476
(prothioconazole), an experimenta fungicide from
Bayer CropScience, and V-10116, an experimenta
product from Vdent. Artificid inoculum in the form
of inoculated grain was dispersed in plots & Fargo
and Langdon, wheat straw was distributed at
Carrington, and natura inoculum was the source of
infections a Minot. Naturd rainfal was augmented
by mig irrigation a Fargo and Langdon and by some
overheed irrigation a Carrington.

All treetmentswere gpplied at early flowering (Feekes
10.51) with a CO, backpack type sprayer, equipped

with XR8001 nozzles mounted at a60° angleforward
and backward toward the grain heads. Water volume
was 18-20 gpa applied at 40 ps. Disease ratings
were taken at soft dough kernel stage. Plots were
harvested with smal plot combines. DON levelswere
determined by theNDSU Veterinary Toxicology Lab.
Plots were in a Randomized Complete Block design
and data were datidicaly analyzed across locations
usng ANOVA.

The uniform trial was established at four locations:
Fargo in the southeast; Langdon in the northeest;
Carrington in the centrd part of the state; and at
Minot in the north centrd region. Each ste
represents different environment, soil type, and
cropping practices. Fungicides were evaluated over
two whest classes, ‘Reeder’ hard red spring wheat
and ‘Lebsock’ durum whest.

RESULTSAND DISCUSSION

FHB fidd severitiesvaried acrossStesand whest class
Field severity on untreated spring wheat averaged as
high as 12.5% at Fargo on spring whest, but wasless
than 1% on spring whest a Langdon and on durum
wheat a Minot. Because of the very low levels of
FHB on spring whest at L angdon and on durum whesat
a Minot, Table 1 contains data only from hard red
soring whesat & Fargo and Carrington and from du-
rum wheat a Langdon. All fungicide trestments Sg-
nificantly reduced FHB fidd severity over the untreated
check, and the combination trestment of JAU 6476 +
Folicur had the lowest FHB field severity among fun-
gicdetreatments(Table ). All treatmentssgnificantly
reduced FHB DON ppm, with thetwo V -10116 re-
aulting in the lowest DON leves. All trestments in-
creased yidd, from six to 12.7 bu, with the high rate
of V-10116 resulting in the highest yield improvement.
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Test waghtswere sgnificantly improved by most treat-
ments.  All fungicide treetments significantly reduced
the level of leaf disease from the untrested check but
did not differ from each other.
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Table 1. Effect of fungicides on fungal leaf disease and FHB field severity, DON, FDK, yield
and test wt., averaged across Carrington, Fargo and Langdon, ND locations and across spring

wheat and durum wheat grain classes, 2004.

Treatment and rate/acre’ il_é? DON? F5D4 dilgeeaf‘fse5 Yield - Testwt
: % ppm % % severity Bu/A Lbs/bu
Untreated check :10.6 a 9.5a 10.1a 35.2a 555¢ 55.2c
Folicur 3.6 EC 41l oz 4.5 bc 5.8bc 7.2a 115b 65.6ab 57.2ab
Tilt 3.6 EC 4floz : 55b 6.3b 6.7 a 140b  61.6bc 56.3bc
JAUG476 480SC 5fl oz 3.6bcd 5.3bcd 52a 9.3b 67.2ab 57.6ab
‘lAFLc’)ﬁ‘éZ? ﬁgc;sc §_‘f§’ ffl' gzz 22d  54bod  58a  80b  674a 577a
V-10116 1.81 FL 6 fl oz 2.7cd 4.7 cd 55a 105b 68.2 a 57.4 ab
V-10116 1.81 FL 4floz : 3.4cd 46d 57a 11.3b 659ab 57.7a

Numbers followed by different letters are significantly different at the 95% confidence level, using LSD analysis.

L All fungicide treatments had 0.125% I nduce added; JAU6476 (prothiocoanzole) is an experimental fungicide from
Bayer; V-10116 (metconazole) is an experimental fungicide from Valent;

> FHB FS = Fusarium head blight field severity; field severity = incidence x head severity;

¥ DON (deoxynivalenol = vomitoxin) levels were only available from Carrington and Fargo at time of this report;

* FDK = Fusarium damaged kernels; data from Fargo and Langdon sites available at time of this report; and

® |_eaf spot diseases primarily tan spot and Septoria leaf spot complex.
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OBJECTIVES

According to many field and other tests the
prothioconazole fungicides are superior against FHB
in wheet. Our data originated mostly from dry years;
and the difference between tebuconazole and
prothioconazole fungicideswere smal. 2004 wasmuch
more humid, therefore the chance was there to detect
differences between them.

INTRODUCTION

Most presentations of the Chemica Control Sessons
of the National Fusarium Head Blight Forums dedling
with AMS 21619 showed better performancethat the
tebuconazole fungicides did. However, the difference
was not always convincing and the efficacy was often
poor. We come to the conclusion that incomplete
Soraying technology explains much of the diverging
results. According to Bayer thefollowing coveringwas
found on the heads: 30-39 of the head was covered
on the front side, but only 1-2.1 % on the back side.
Asthetrand ocation between paeaand glumeor grain
is poor, and no trandocation occurs from leaves to
head, the fungicide concentration will be very uneven.
Some landing spores will be inhibited to infect, but
other not. Therefore sgnificant infection can be ob-
served on treated plots even they were sprayed with
the mogt effective fungicide. When the fungicides can-
not be placed uniformly on the whole surface of the
head, the fungicides are not responsble for the mod-
erate or low effect.

MATERIAL AND METHODS
The tests were made in 2003 and 2004. Three culti-

vars with differing resstance were used (Zugoly,
Samson, Bence), three plot replicates (5 nt) for a

cultivar were used for a fungicide trestment. Within

each plot four isolates of Fusariumwereusedinthree
replicates as head of groups congsting of 15-20 heads
(Mesterhazy et d. 2003). Spraying terming: full flow-

ering. Inoculation: one and three days after fungicide
treatment in 2113 and 2004, respectively. Evauation:

FHB, FDK, yidldlossand DON contamination. Fun-

gicides. Kolfugo S 1.5 I/ha, 20 % carbendazime,

Caramba 1.0 (2000) and 1.2 L/ha (2001),

metconazole 60 g/L, Falcon 460EC 250 ¢
piroxamine, 167 g tebuconazoleand 43 g triadimenole
inoneliter. In 2003 AMS 21619 and Prosaro (125 g
prothioconazoleand 125 g tebuconazole/L) wastested

in two concentrations. The Input, (125 g
prothioconazole and 500 g spiroxamine) was tested
first in 2004. For 2004The composition of the other
fungicidesis presented at Mesterhézy (2003).

RESULTSAND DISCUSSION

Table 1 shows the 2003 data. The prothioconazole
fungicide (Prosaro) showed somewhat better results
than Folicur Solo did acrossisolatesand cultivars, but
the difference according to different traits were not
adways sgnificant. When we see the heaviest epidem-

ics of the twelve, the Situation |ooks somewhat differ-
ent (Table 2). The Fusarium check for the two F.
culmorum isolates was very high, more than 70 %.
For isolate 12551 the difference between Falcon 460
EC and Prosaro 1 I/haissignificant, but the difference
for Folicur Solo is not. Compared to the other iso-
lates, here is atendency for an increasing difference.

Table 3 presentsthe DON data for Zugoly according
to isolates. The caseis Smilar we have seen a FDK
vaduesin Table 2.

355



Chemical, Cultural and Biological Control

In 2004, the Stuationisdifferent. Of thedatal present
only the FDK data. Table 4 presents the FDK data
on the three cultivars on the isolate Fg 12377. This
isolate produced the most severe symptoms. For this
reason the differences between fungicides can be seen
the best. Zugoaly is the susceptible cultivar; here only
the two prothioconazole fungicides performed well and
thisperformance differed sgnificantly from Folicur Solo
or Facon, the best fungicides until now. For the more
resstant Samson a so thetebuconazolefungicidesgave
identica results with Prosaro and Input, the rest had
sgnificantly higher indices. For the more resstant cul-

tivar Bence dl fungicides were good except Tango
Star. It is remarkable that FDK values in Bence are
about the vaue of Zugoly for Prosaro and Input. For
the other isolates the values were zero or lower than
one percent.

Themeanvauesacrossisolatesand cultivarsare shown
inTable5. Prosaro 1.0 L/hadiffered sgnificantly from
Solo at every trait, even the differences are smaller
than presented in Table 4. Efficacies are for Prosaro
95-96 %for FHB and FDK and at 70 % for yield
response.

The new prothioconazole fungicides are very
promising also for the susceptible variety group
wher e control was problematic in the last years
by tebuconazole fungicides. Even they were the
mog effective fungicides the mogt sengtive cultivars
could not be protected. The most sengitive cultivars
can be protected successfully only with the
prothioconazole fungicides, more resistant varieties
can be protected successfully also with other com-
pounds. Wilcoxson (1996) stated that afungicide con-

trol is acceptable when infection severity, in our case
FDK islower than five percent. The Hungarian rules
classfy scabby kernelsasdangerous part and the limit
is maximaly two percent. When efficacy is 50 %, dl
saplesabovefive % infection severity cannot be used.
When efficacy is90 %, 20 % naturd infection saverity
is the limit. When we congder DON limit vdue a 1
ppm, the Situation will not be better much better, see
Table 3. Of course, thisisvaid at full cover with fun-
gicides. Aspresent oraying technology cannot achieve
this, the most important task is to improve spraying
technology.
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Table 1. Fungicide control of FHB in wheat, general means across cultivars
and isolates, 2003.
cultivars and isolates, 2003

Fungicide Traits
FHB % FDK % Yieldloss% DON ppm

Prosaro 1.0 1.75 242 6.41 0.84
Prosaro 0.8 2.31 2.68 8.10 1.16
F. Solo 1.0 +Kolf. 1.5 2.49 5.13 12.15 1.04
Falcon 460EC 0.8 2.82 5.71 14.17 1.52
Folicur Solo 1.0 3.05 5.18 11.80 1.21
Caramba 1.2 329 1131 13.21 3.14
Juwel 1.0 492 10.50 14.31 271
Tango Star 1.2 4.93 7.00 13.43 1.47
Kolfugo 1.5 15.81 20.77 22.78 5.67
Fusarium check 20.72  26.52 32.52 17.24
Mean 6.21 9.72 14.89 3.60
LSD 5% 2.15 3.13 4.19 1.46

Table 2. Chemical control of FHB in wheat. FDK values on susceptible Zugoly
according to isolates, 2003.

Fungicides and rates Isolates Gen.
12377Fg 44Fg 12375Fc  12551Fc Mean
Prosaro 0.8 000 004 058 251 0.78
Prosaro 1.0 011 007 113 4.20 1.38
Folicur Solo 1.0 027 029 442 4.13 2.28
Tango Star 1.2 080 047 251 6.89 2.67
F. Solo 1.0 +Kolf. 1.5 056 022 3.02 9.78 3.39
Falcon 460EC 0.8 013 007 4.13 11.22 3.89
Juwel 1.0 091 036 524 21.16 6.92
Caramba 1.2 113 120 2113 18.65 10.53
Kolfugo S1.5 273 107 2698 54.73 21.38
Fus. check 498 13.73 7411 79.00 42.96
Mean 116 175 1433 21.23 8.01
LSD 5% 1212 12,12 12,12 12,12 5,42
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Table 3. Chemical control of FHB. DON contamination (ppm) for cv Zugoly, 2003.

Fungicides Isolates Mean
12377Fg 44Fg 12375Fc  12551Fc

Prosaro 1.0 0.00 0.00 0.07 1.50 0.39
F. Solo 1.0 +Kolf. 1.5 0.03 0.00 1.30 1.47 0.70
Prosaro 0.8 0.20 0.00 0.20 1.37 0.44
Folicur Solo 1.0 0.20 0.00 0.83 1.10 0.53
Tango Star 1.2 0.27 0.00 1.07 2.63 0.99
Falcon 460EC 0.8 0.13 0.03 1.83 5.57 1.89
Juwel 1.0 0.53 0.37 2.60 9.80 3.33
Caramba 1.5 0.23 0.53 15.50 13.73  7.50
Kolfugo 1.5 0.93 0.13 12.37 1980 831
Fusarium check 1.83 5.13 94.03 66.67 41.92
Mean 0.42 0.54 11.43 11.01 585
LSD 5% 5.09 5.09 5.09 5.09 2.55

Table 4. Fungicides against FHB in wheat, FDK datafor Zugoly, isolate Fg. 12377.

Treatments Cultivars Mean
Zugoly  Samson  Bence
Prosaro 1.0 5.00 2.33 544 4.26
Input 1.0 233 0.56 389 226
Falcon 0.8 28.89 3.56 733 1326
Folicur Solo 1.0 32.78 1.89 833 14.33
Kolfugo S1.5 52.22 47.78 6.00 35.33
Tango Star 1.0 66.67 4333 2944 4648
Fusarium check  70.00 7333  27.78 57.04
Mean 36.84 13,19 7,24 15,96
LSD 5% 9.64 9.64 964 557
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EFFICACY OF FUNGICIDESAND BIOCONTROL AGENTS
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OBJECTIVE

Toidentify fungicidesand biologica control agentsthat
are effective againg Fusarium heed blight (FHB).

INTRODUCTION

Identifying fungicides and biocontrol agents thet re-
duce incidence and severity of FHB and levels of my-
cotoxins in the grain could have widespread benefits
to growers and users of al market classes of whest in
the event of FHB epidemics. This test in Arkansas
was part of the Uniform Fungicide and Biocontrol Trid
that is coordinated by the Chemica and Biologica
Control Committee.

MATERIALSAND METHODS

The moderately susceptible soft red winter wheat cul-
tivar ‘Agripro Patton’ was planted at the University
Farm at Fayetteville on 9 October 2003. Seed was
treated with Dividend fungicide (1 fl oz/ cwt) for loose
smut, Stagonosproa blotch, and seedling diseasesand
Gaucho insecticide (3 fl oz / cwt) for gphids and bar-
ley yellow dwarf. Individud plotswere 7 rows by 13
ft. Plotswerefertilized with atotal of 200 1b nitrogen
as ammonium nitrate (75 Ib gpplied on 5 March and
25 |b applied on 5 April). Ryegrass and broadleaf
weedswere controlled with recommended herbicides.
Infested corn kernd inoculum of Fusarium graminearum
was applied to the plots on 31 March &t the rate of 6
kernds/ sq ft. Fungicides were gpplied in arandom-
ized complete block design with six replicationson 26
April when 50% of the main semshad begun to flower.
Treatmentswere gpplied at therate of 20 gal per acre.
Themist system operated on several days between 31
March and 26 April to promote sporulation on thein-
oculum and for eight 10-minute periods between mid-
night and 8:00 am on nine mornings (27 and 28 April,

and 4, 6, 8, 12, 15, 19, and 21 May) to promote
infection. On 20 May, plots were rated for the per-
centage of foliagewith striperust that devel oped natu-
raly latein the season. On 25 May, 50 heads per plot
were sampled randomly and evaluated for FHB inci-
dence and head severity, and plot severity was calcu-
lated. Plots were harvested with a plot combine on
14 June, and grain was passed once through a seed
cleaner before test weight and percentage of scabby
grain were measured.

RESULTSAND DISCUSSION

Reaiveto past years, little FHB developed intheplots
even though sporulation was evident on the inoculum
during flowering. None of the trestments had a Sg-
nificant effect on any of the FHB variables. All of the
fungicideswere highly effective againg striperug, and
TrigoCor 1448 sgnificantly increased dripe rust se-
verity. Tilt and V-10116 at 6 fl oz per acre increased
yield sgnificantly compared to nontrested check #2
(the check with the highest yield), but these yidd in-
creases appeared to be related to controlling stripe
rugt rather than FHB.
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ABSTRACT

Inthelast decade transgenic plants which contain genes encoding for insecticidd crysta proteinsfrom Bacillus
thuringiensis (Bt) have become increasingly popular. The biggest part was Bt maize, being cultivated on 9.1
billion hectares worldwide in 2003. Thisrgpid increase in the globd agriculturd area cultivated with Bt maize
could have an effect on microbialy mediated processes and functions. Of particular interest is the surviva of
pathogenic organisms like mycotoxigenic Fusarium and their antagonists on maize residues. Fusarium-colo-
nized maize resdues serve as inoculum source for the infection of subsequent crops. We investigated whether
the Bt-toxin in resdues of geneticdly modified maize has an impact on the growth of the DON producing
Fusarium graminearum strain GZ3639 and the potentid antagonist Trichoderma atroviride strain P1. We
devel oped two PCR assays to measure the growth of F. graminearumand T. atroviridein microcosmswith
residues of Bt maize. The PCR assays are based on a competitive PCR between microsatdllite alleles of two
grainsof ahaploid fungd species. Before DNA is extracted from asample, a defined amount of mycelium of
asecond gtrain of the same speciesisadded. The DNA of this second strain works asinterna standard during
DNA extraction and ascompetitor during the PCR amplification of agpecies-specific, polymarphic microsatellite.
Using fluorescence-labeled primers, the amplification products can be separated and quantified with a se-
quencer. In contrast to other PCR assays, this method is not biased by a decreasing amount of plant DNA in
the microcosm. The PCR assays have been used to measure the growth of F. graminearumand T. atroviride
on Hradiation-sterilized residues of two transgenic Bt maize varieties and their non transformed isogenic lines.
Residues were collected at maturity on afidd trid in 2002 and 2003. For one variety, we found a negative
effect of the Bt transformation onthe growth of T. atroviridefor both years Onthesamevariety, F. graminearum
grew less only on residues from 2003 but not from 2002. For the other variety, no significant effect was found
in any year for both fungi. Generdly the year had a greater impact on the growth of both fungi than variety or
Bt transformation. Our result suggest, that Bt toxin has no direct effect on the growth of the two fungi, but
isolines may carry further genetic differencesin addition to the inserted Bt gene.
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ABSTRACT

The provisond standard of 1.1 ppm for deoxynivaenol (DON) in wheat was determined by Japanese gov-
ernment in 2002. Therefore, re-eva uation of registered fungicides and screening new candidates for control of
mycotoxin contamination are consdered mandatory. We tested totdly 24 kinds of fungicides differing mode of
action. Three experiments were conducted for two years. In paddy field, we sprayed fungicides at two days
before flowering and 5 days after flowering. Inoculations were done at just flowering and 7 days after flower-
ing. We used DON producer in 2002 and mixture of DON and nivaenol (NIV) producer were sprayed in
2003. An automatic sprinkler system was used to promote disease development. In addition, experiment in
upland field was done in 2003. Corn grain inoculum of mixture of DON and NIV producer were used under
naturd rainfall condition. Asaresult in 2002, most of al fungicides controlled FHB disease severity, especidly
tebuconazol e and captan and oxin-copper were highly effective. Azoxystrobin was not so effective but efficacy
was about 40. As for DON in the same test, efficacy of DON was lower than that of disease severity.
Tebuconazole, captan and oxin-copper decreased significantly DON level than control plot. On the contrary,
azoxystrobin increased DON levd sgnificantly. In case of paddy field in 2003, most of dl fungicides except
trifulumizole were highly effective. The reason of failier in trifulumizole was unknown. Asfor mycotoxin in the
same test, control of DON+NIV was difficult than disease severity. In the condition of 2003, two times
gpplication was not enough to decrease mycotoxin leve. Thiophanate-methyl sol, cooper hydroxide, captan,
and two-kinds of phosphorous acid, tebuconazol e and metoconazol e decreased significantly DON+NIV level
than contral plat. Trifulumizole was not effective both disease and toxin control. Azoxystrobin and mixture of
azoxystrobin and propiconazole were effective for disease control but not for mycotoxins. Weinoculated corn
graininoculum of DON+NIV mixturein 2003 of upland field to smulate naturd infection. In this case, most of
al fungicides were highly effective. To control disease severity, two times goplication was enough in this case.
Asfor mycotoxin in the sametest, control of DON+NIV was difficult than that of FHB. Efficacy of mycotoxin
control was lower than that of paddy field, in which spore inoculation was done. It is possible that corn
inoculum supply conidiospore continudly during maturing period. Therefore, non visble infection might in-
crease mycotoxin level. Thiophanate-methyl sol decreased significantly DON+NIV leve than thiophanate-
methyl powder. Tebuconazole and metoconazole were confirmed to decrease sgnificantly DON+NIV leve
than control plot. On the other hand, azoxystrobin increased DON+NIV level, especidly NIV leve signifi-
cantly. In this case mixture of propiconazole and azoxystrobin did not increase mycotoxin level but did not
decresse. Interestingly, mode of action of kresoxim-methyl is Smilar to that of azoxysirobin, but effect on
mycotoxin level seemsto be different.
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ABSTRACT

In Northern Quebec, Canada (Saguenay-L ac-Saint-Jean area), barley production isvery important but fusarium
head blight (FHB) has become amgjor problem in thisregion. In 2001, about 10 % of the barley acreage (1
800 ha) had a DON content superior to 2 mg kg*. 1n 2002, the problem was more severe with 40 % of the
barley area infected with FHB. The economic losses associated with FHB in barley were estimated at 2
million Canadian dollars during those 2 yearsin the Saguenay-Lac-Saint-Jean region. In fal 2002 and spring
2003, severa management systems (siraw removal, use of disk harrow or cultivator) were gpplied in barley,

oat and whest fields to measure the effect of straw incorporation on DON content in grain harvested in 2003.
Direct seeding, chisding and moldboard plowing were aso evaluated. No inoculation was performed on
thosetrias. DON content in grain varied from 4.9 to 7.4 mg kg* in oat samples and from 5.9 to 8.9 mg kg*
in wheat samples. For both oat and whest, the trestments had no significant effect on DON content. DON
content varied from 10.3 to 40.3 mg kg? in barley and was sgnificantly higher in chisd and no-till trestiments
compared to moldboard. Straw management or spring harrowing had no effect on DON content in barley.

The results from 2003 indicate that moldboard plowing can reduce DON content in barley. However, tillage
system had no significant effect on mycotoxin content in wheet and oat.  Straw management had d<o little
effect on DON content in ceredls.
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ABSTRACT

Fusarium head blight epidemics originate largely from inoculum associated with host resdues, especidly those
of cornand small grain cereds. Research has shown that green manures (GMs) can have asignificant effect on
theintengty of arange of diseases on diverse range of crops, influencing pathogens directly through the bresk-
down of glucosinolates or by releasing fungitoxic compounds, or indirectly by influencing indigenous microbia
populations. Preliminary studies have demondtrated that green manures may increase the population of strep-
tomycetes and dso that these microorganisms may affect the activity of Fusariumgraminearum. Inthisway
drategiesthat enhance the frequency or intensity of Fusariuminhibitory streptomycetesin soil may contribute
toareductionin F. graminearum inoculum and thus disease development. The overal objective of thisstudy
was to quantify the effect of green manures on the frequency of soil-borne antagonists inhibitory to F.
graminearum and to determine the intengty of F. graminearum inhibition. Three experiments were con-
ducted in the greenhouse in 2004. Fusarium+infected wheat (Triticum aestivum) nodes, collected from
naturdly infected field Sites, were incorporated into soils collected from wheet production fieldsin Minnesota.
Threetreatments, two green manures (common buckwheet [ Fagopyr umescul entum] and sorghum-sudangrass
[Sorghum bicolor - S vulgare hybrid]), and afadlow (no green manure), were evaluated. The experiments
were established in 10-inch pots each experiment in a randomized complete block design with 16 replicates.
The F. graminearum populations on resdue, and the frequency and intengity of F. graminearum inhibitors
inhibitory activity in the soil were monitored over three months following the incorporation of the green ma-
nures grown for six weeks prior to incorporation. Tota bacteriain soil were determined by soil dilution plating
onto antibiotic amended oatmed agar medium.  Streptomycete densties were determined following dilution
plating onto water agar overlaid with starch-casein agar; an adaptation of the method developed by Herr in
1959 (Phytopathology 49:270-273). Fusariuntinhibitory activity was determined by overlaying a soil dilu-
tion on water agar with a second water agar layer, incubating for three days at 28°C and then overlaying with
asuspension of F. graminearum macroconidia in molten potato dextrose weater agar. These triple-layered
plates were incubated for an additiona three days prior to assessment. Fusarium+inhibition was determined
by measuring the zones surrounding streptomycetes colonieswhereF. graminearumfailed to grow. Thetotd
bacteria recovered from soil following the incorporation of buckwheat and sorghum-sudangrass tended to
increase, with gatigticaly sgnificant differences detected for buckwhest in dl experiments athough only for
sorghum-sudangrassin one of thethree experiments. Thedensity of streptomycetesrecovered was not signifi-
cantly influenced by the GMs, dthough a trend to increased numbers of streptomycetes was observed. The
dengty of F. graminearuntinhibitory streptomycetes in soil increased sgnificantly in both GM trestments in
comparison to the fdlow for at least one sampling time in each experiment. Both GMs were observed to
increase the efficacy of F. graminearum-inhibitory streptomycetes, determined using the number and inhibi-
tion zone sze in the triple-layer method, in comparison to the falow, athough the results were inconsstent.
Green manures did not significantly impact the rate of resdue decomposition or the population of F.
graminearum in wheset resdue. Thelow leve of initid colonization of the wheat nodes by F. graminearum
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may have reduced our power to detect differences among treatments. A field study has been established to
further examine the impact of green manures on antagonigts to F. graminearum. These results suggest that

GMs might affect the soil population and activity of Fusarium-antagonists and thus may provide a comple-
mentary tool to reduce Fusarium inoculum.
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ABSTRACT

Microdochium nivale, a hon-mycotoxigenic species involved in Fusarium head blight (FHB) complex and
sgprophytic microflorahave been suggested to have an effect on thefidd performance of fungicidesfor control
of FHB caused by Fusarium species. In arange of glasshouse experiments the effects of metconazole and
azoxystrobin on the interactions between Fusarium culmorum and M. nivale, Alternaria tenuissima or
Cladosporium her barumand the development of FHB and deoxynivaenol (DON) production were studied.
Fungicides metconazole and azoxystrobin were gpplied in al experiments a full ear emergence, wheet heads
were inoculated with F. culmorum a mid-flowering, while A. tenuissima, C. herbarum or M. nivale were
inoculated a ¥aear emergence or 24 hours after F. culmorum inoculation (mid-flowering). When A. tenuissma,
C. herbarum or M. nivale were introduced to whest ears a % ear emergence before inoculation with F.
culmorum a mid-flowering resulted in an increase of FHB severity, Tri5 DNA and DON concentration in
harvested grain, but in the case of A. tenuissima it was not significant. Inoculation with C. herbarum or M.
nivale at % ear emergence led to increased DON concentrations in grain compared to the control treatment
by 34 and 151% respectively. Application of metconazole resulted in reduction of FHB severity, Tri5 DNA
and DON concentration in grain in dl of thetrids. When azoxystrobin was gpplied after plants were inocu-
lated with M. nivale at % ear emergence, or before introduction of this fungus on ears after F. culmorum at
mid-flowering, there was an increasein DON concentration in grain by 56% and 30% respectively. However
this increase was not sgnificantly different from the control treatment. This work indicates that poor perfor-
mance of fungicides under fidd conditions and increased mycotoxin concentration in grain of wheet after
gpplication of particular fungicides, such as azoxystrobin, maybe due to the presence of non-target species
such as Alternaria spp. or Cladosporium spp. or the non-toxin producing FHB species, M. nivale.
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ABSTRACT

Two fidd trids initiated in 1999 have been conducted for comparing the effect of crop sequences and two
tillage systems on Fusarium head blight (FHB) in wheat and barley. At the Saint-Hyacinthe Ste, inthe Montred
area, cropswere maize (M), soybean (S) and wheat (W), and the two sequences were MSW and SMW. At
the Normandin site, located 300 km north of Quebec city, crops were barley (B), canola (C), and field pea
(P). Thefive4-y crop rotationswere BBBB, CPBB, PCBB, BCPB, and BPCB. Thetillage trestmentswere
conventiona (moldboard plough) and reduced tillage (chisd a Normandin, and no-till at Saint-Hyacinthe) in
fal. Experimentswere exposed to natura infection. DON content in grain sampleswas andysed from 2001 to
2003. At Saint-Hyacinthe in 2001 and 2002 and Normandin in 2001, the treatments had no significant effect
on DON content. However, in 2003 at Saint-Hyacinthe, DON content was sgnificantly lower for the MSW
x conventiona tillage combination (2.7 ppm) than for the three other combinations (3.3 to 3.6 ppm). In 2002
a Normandin, DON content was significantly higher in reduced tillage (0.60 ppm) than in conventiond tillage
(0.36 ppm). In 2003, DON content was dso sgnificantly higher in reduced tillage but only for the three
rotations in which barley was seeded the previous year (13.1, 14.1, and 16.4 ppm). There were no differ-
ences between the seven other combinations (4.8 t0 6.5 ppm). These results suggest that in Quebec, in barley
monoculture or when the previous year’s crop is barley, ploughing crop resdues may help to decrease the
FHB incidence. They dsoindicate that rotation with canolaand field peaduring the 2 years preceding abarley
crop may be effectivein reducing DON content in either conventiond or reduced tillage, and that only 1 year
of soybean between maize and wheat was not effective under reduced tillage. However, none of the rotation
X tillage combinations tested could, under a strong disease pressure, reduce the DON content under the
maximum level of 1.0 ppm accepted by the swine industry. Therefore, growers should use as many control
methods as they can to reduce the risk of infection by the pathogen, e.g. early seeding, resistant cultivars,
rotation, and fungicides.
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ABSTRACT

Fusarium head blight (FHB) epidemicsin localized areas of the US have caused sgnificant yield and qudity
losses of wheat and barley in recent years. Control of this disease has been difficult, because of the complex in
the host/pathogen interaction. Fungicide application has become an accepted method for FHB control. Pre-
vious studies have shown paired nozzles pointed forward and backward provide better coverage and better
FHB control than standard flat fan nozzles pointed downward. However, these studies did not address de-
talled parameters of spray deposition on varying wheat head structures and the relationship of this coverageto
FHB control. The objectiveof thistrid wasto takeinitia stepsin quantifying the parameters surrounding spray
deposition on whesat heads and to identify methods whereby optimized fungicide gpplication for efficacy can
occur. Spring wheat (cvs Oxen and Ingot) were planted at the South Dakota State University Agronomy Farm
and treated at anthesi's (Feekes growth stage 10.51) in a single direction into the wind with a tank mixture of
Folicur (tebuconazole) at arate of 4 fl oz/a (292.30 mi/ha) and Induce adjuvant (0.125% v/v) supplemented
with afluorescent orange water soluble dye (3% v/v). The mixturewas applied at 40 ps (275.79 kPa) at arate
of 18.6 gpa (173.97 I/ha). Nozzle configurations (treetments) included: 1) one flat fan nozzle pointing straight
down (XR Teelet 11002), 2) oneflat fan nozzle angled 45° forward (XR Teedet 10002), or 3) atwin-orifice
flat fan nozzle (Twinjet TJ11002). Varieties and treatments were randomized in a2 X 3 factorid design with
four replications with varieties and nozzle types as factors. Plots were inoculated by spreading Fusarium
graminearum (Fg4) inoculated corn (Zea mays) grain throughout the field and providing overhead mist
irrigation on a 16 hr/8 hr on/off schedule (overnight mist) throughout anthesis. Whesat heads were evduated for
gpray coverage and deposition paitern aswell asfor FHB incidence, head severity and total FHB damage and
location of diseased spikeletsrelativeto direction of sorayer travel. Further, plot yield, test weight, and Fusarium
damaged kerndls (FDK) was measured. Digita pictures of the incoming and outgoing sSide of the head were
taken under UV light and spray coverage of the imaged was andyzed digitdly. Light winds led to incomplete
coverage of the head with the incoming spray Sde of the head showing greater Spray depostion. All nozzle
configurations provided reasonable oray coverage on theincoming side, while the side away from the gppli-
cation generdly received little or no product, regardless of nozzle configuration. No nozzle tested in this tria
overcamethe problem of poor deposition on the back of the head, athough differenceswere observed. Awns
of the wheat plant collected a sgnificant portion of the gpplied fungicide mix. Initid data on FHB infection
gopears to show that there may be an effect of gpplied fungicide penetrating to the rachis of the head and
limiting FHB infection to single spikelets, thus reducing FHB spread within the head.
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OBJECTIVES

To assess the feasbility of pilot-plant-scale produc-
tion of a dried, formulated FHB biocontrol product
composed of biomass of the FHB antagonist C.
nodaensis OH 182.9 imbedded in avariety of diato-
maceous earth matrices. Additiondly, to assess the
survival and efficacy of the dried product in laboratory
and fidd tests, respectively.

INTRODUCTION

One of the most effective yeast strains discovered in
our collaborative research (U.S. patented strain Cryp-
tococcus nodaensis OH 182.9 (NRRL Y-30216),
Schider et d. 2003) was sdected for testing against
FHB in the 2001 Uniform Wheat Fungicide and
Biocontrol Tria (UWFBT). Biomass of OH 182.9
was produced in our pilot plant facility, concentrated,
frozen and used at 15 field trid Stesacrossthe United
States. Thishiocontrol preparation significantly reduced
FHB whenresultsfrom dl test Steswere pooled (Milus
et d., 2001) and compared favorably with the fungi-
cide Folicur 3.6F (tebuconazole).

The development of adried biocontrol product would
have potentid advantages of ease of handling, conve-
nience in trangportation, favorable economics and ac-
ceptance by consumers and commerciad developers.
In the development process, dehydration of antago-
nist biomass can adversdly affect antagonist viability
and efficacy (Wraight et al., 2001) as can
cryoprotectants if they can be metabolized by the

pathogen target (Schider etd., 2004a). Anair-dried
OH 182.9 product would be more economically fea-
sblefor indugtria production than afreeze-dried prod-
uct. Inwork described el sawhere in these proceed-
ing (Zhang et d., 2004), we discovered that cold tem-
perature shock during production of biomass of OH
182.9 enhanced thesurvivd of air-dried cdlsover time.
Diatomaceous earth (DE) is an effective filter aid that
can be used for embedding microbia biomassto pro-
duce afriable, moist product that can then be readily
ar-dried. Theimpact of arange of grades of DE on
biocontrol agent surviva and maintenance of efficacy
in genera and of OH 182.9 in particular has not been
previoudy reported.

MATERIAL AND METHODS

Production of a dried diatomaceous earth prod-
uct containing CryptococcusnodaensisOH 182.9

A semidefined complete liquid medium (SDCL;
Schider, 2004a) with carbon:nitrogen ratio of 11 and
tota carbon loading of 14 g/L. wasused indl ingtances
for production of biomassin liquid culture. For pro-
duction of biomass in a B Braun D-100 fermentor,
seed inoculum was produced in Fernbach flasks (1.5
L SDCL mediumin 3.0 L capacity flask) at 25°C and
250 rpm for 24 h. Starter inoculum was then added
tothe D-100 fermentor at approximately 5% (vol/vol)
which resulted in an initia absorbance (A,,,) of ap-
proximately 0.175. Reactor medium pH, tempera-
ture, dissolved O, antifoam, and agitation rate were
monitored and/or maintained to insure near identical
production runs. After 24h of incubetion a 25°C, the
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reactor temperature was reduced to 15°C to enhance
OH 182.9 cdll toleranceto drying stress(Zhang et d.,
2004). After completion of biomass production at
approximately 48h, cells in the broth were concen-
trated into apaste using a Sharples 12-V tubular bowl
centrifuge. Cell paste was incorporated into various
diatomaceous earth (DE) products (Table 1) at 150
ml paste to 1000 ml DE (vol/vol) usng a blender.
Friable DE products were then spread on trays, dried
at gpproximately 95% RH and 25°C for 24hto afind
moisture content of approximeately 5-7% (wet weight
bass). DE products were then vacuum packed in fail
pouches and stored for 21 weeks at 4°C while being
monitored periodicaly for cel surviva (Fig 1).

Field testing of a dried Cryptococcus nodaensis
OH 182.9 product

The soft red winter whest cultivars Elkhart (suscep-
tible) and Freedom (moderately res stant) weregrown
in both Peoria, IL and Wooster, OH. Cells of OH
182.9 dried in DE MN-51 and stored for 3-6 weeks
were used in dl fidd sudies Immediately prior to
use, the DE product was rehydrated at 8:1
(water:product; wt/wt), agitated for 10 minutes, and
decanted 5 minutes after agitation ceased (~1 x 10
CFU/ml). Additiond field treatments were fresh bio-
mass of OH 182.9 harvested from 48h Fernbach
shake flasks (~5 x 10" CFU/ml), Folicur applied a
the recommended rate, a water/tween 80 control and
an untreated control. All trestments were gpplied at
the beginning of wheat flowering at 80 gd/acre. Corn
kernels colonized by Gibberella zeae were scattered
through plots (~25 kernels/n?) two weeks prior to
wheat flowering and mist irrigation provided periodi-
cdly for approximately one week after trestment ap-
plication to promote FHB development. Headswere
scored for disease incidence (presence or absence of
disease symptoms) and severity usng a0-100% scae
goproximately three weeks after inoculation. Heads
were then alowed to dry and threshed. Datafor the
deoxynivaenol content of grainisbeing tabulated (on-
going). Randomized complete block designs were
used in both trids (n=6 in Peoria; n=4 in Woogter)
and dataandyzed usng M P software (ANOVA; SAS
Inc., NC).

RESULTSAND DISCUSSION

Regardless of the DE used to makeadried OH 182.9
product, the product CFU’ swere virtualy unchanged
over the course of 21 weeksof storageat 4 C (Fig 1).
Becausethe MN 51 product lost less CFU’ simmedi-
ately after drying than the others, this product was se-
lected for pilot scale production and field efficacy test-

ing.

Field performance of the dried DE product was vari-
able across dtes and whest cultivars. Although dis-
easeleve wasrdaivey low in Peorig, Freedom wheat
treated with rehydrated cellsof OH 182.9in DE (MN
51) had dgnificantly lower disease severity compared
to the untrested check (Table 2), tended lower in FHB
disease incidence and had statigtically identica sever-
ity compared to the Folicur treatment. No treatment
effects were found on Elkhart in Peoria. In Wooster
where the overdl disease levd was higher, the dried
product did not reduce disease symptoms on either
wheat cultivar whilefreshly produced cellsof OH 182.9
sgnificantly reduced severity on Freedom and Elkhart
by as much as 56% and performed statisticaly better
and worse than Folicur on Freedom and Elkhart, re-
spectively (data not shown).

These reaultsindicate that the devel opment of acom-
mercidly feasible dried FHB hiologica control prod-
uct containing OH 182.9 as an active ingredient is
possible, especidly in light of advancements made in
devel oping commercid-scae production of stresstol-
erant cellsof OH 182.9, UV protectants, and thedis-
covery of new biologica control strains that could be
effectively combined with strain OH 182.9 (Schider
2004b). Research devoted to optimizing biologica
control efficacy through the use of stickers, activators,
and combinations of biocontrol agents with diverse
modes of action, should position this biologica con-
trol as an important toal to utilize in combination with
reduced levels of fungicides, resgant varieties, im-
proved spray coverage technologiesand diseasefore-
cadting to minimize theimpact of Fusarium head blight.
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Table 1. Characteristics of various diatomaceous earth (DE) products used to formulate
FHB antagonist Cryptococcus nodaensis OH 182.9.

DE Product pH Permesbility ~ Mean Particle
(Darcys) Diameter

()

FW 6 9.0 0.48 18.0

Kenite 700 7.0 1.30 24.0

FP4 8.8 0.30 15.0

FP1SL 6.5 0.07 125

MN 23 7.0 ND? 5.0

MN 51 7.5 ND 15.0

'Eagle-Picher Minerals, Inc.
“Not determined

Table 2. 2004 Peoria, IL field trial of an air-dried diatomaceous earth (MN 51) product
containing FHB biocontrol agent Cryptococcus nodaensis OH 182.9 on winter wheat
cultivar “ Freedom” 2.

Treatment DS (%) DI (%) 100-kw (g)
Untreated control 20 ab 92 a 376 a
Tween 80 control (0.036%) 1.4 bcd 78 a 385 a
Folicur 3.6F° 1.0 cd 61 a 367 a
Fresh OH182.9 1.3 bcd 78 a 373 a
DE dried OH182.9 11 64 a 3.78 a

“Within a column, means without aletter in common are significantly different (P=0.05).
Mean comparisons were performed on arc-sine transformed data. Back-transformed values
are presented.

DS = disease severity, DI = Disease incidence, 100-kw = 100-kernel weight

3Applied at recommended label rates.
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ABSTRACT

Fumonisins are a group of quite recently found mycotoxins mainly produced by Fusarium moniliforme and
Fusarium proliferatum, which are very common contaminants of cered grains, especialy of maize. Among
these the fumonisins B, and B, are produced most abundantly in nature and quantitetively may be of greatest
toxicologica concern (Sydenham et al., 1992). Fumonisins have been shown to produce a wide range of
pathologicd effectsin animals, induding the economically important disease symptoms of leucoencephdomadacia
in horses and pulmonary oedemain swine. In addition, these compounds exhibit toxic effects to turkey poults
and brailer chicks and cause nephrotoxicity, hepatotoxicity and hepatocdlular carcinoma in rats. Although
definite evidence of carcinogenicity in humans is lacking, oesophagea cancer occurs at greater frequency in
world regions where corn is the dietary staple and levels of Fusarium and fumonisin contaminaions are high.

The economic implications of animal feeds contaminated with high levels of fumonisinsare significant (Shepard
et al., 1996), snce contamination of corn and corn-based products with these mycotoxins is reported fre-
quently and in many countries worldwide. This implies the need for gppropriate decontamination strategies,
and hereof biologicd detoxification - meaning the transformation of fumonisins viamicroorganisms or oecific
enzymes - seems to be promising. The microbia/enzymatic breskdown into compounds thet are no longer
toxic would provide avery gentle, effective and environmentdly friendly way of deactivating fumonisins. Such
amechanism was dready described for the yeast Exophiala spinifera as well as for an aerobic bacterium
(Duvick et al., 1998), in the course of complete metabolization of the toxin.

Based on these facts a project was initiated with the aim to find microorganisms with the capability to deacti-

vate fumonisins through enzymatic transformation. The respective organism isintended to be used as part of a
feed additive to ensure detoxification of fumonignsin the intestind tract of animas during feed digestion. A
screening for aerobic and anaerobic microorganisms with FB, -transforming potential wasredized by perform-

ing fumonisin-degradation experimentsin liquid culture media as well as in buffered sysems. Besides testing
promising bacteria and yeast strains of culture collections, saverd different habitets, e.g. rumen fluid or intes-
tind segments of pigs, were investigaeted with regard to the presence of toxin-reducing, microbia activity.

Different environmenta samples were dso under investigation, as for example soil. In one of these samples,
fumonisin-reducing activity could be detected leading to trias to isolate the respective microorganisms.
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ABSTRACT

Tebuconazole and Chlorothaonil reduced head blight incidence, visudly scabby kernels and Deoxynivaenol
concentration. Thegreatest reduction of FHB incidencewith Tebuconazole( 60 mi/1001). It was applied middle
of the anthesis with spore sugpension of Fusarium graminearum and Fusarium culmorum.

Fungicides treatment increased thousand kernd weight and yidld. Deoxynivaenol content was determined
from harvested seed samples during 2003. Samples were andyzed using high performance liquid chromatog-
raphy (HPLC). Deoxynivaenol was detected range 0 to 4.28 pg/g.

Additiona key words. whegt, deoxynivaenol, Fusarium graminear um, Fusarium.culmorum, Tebuconazole
,Chlorothalonil
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POSSIBILITIES OF FHB (FUSARIUM GRAMINEARUM
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ABSTRACT

The effect of whest trestment with fungicides and their mixtures on FHB (Fusarium head blight) was assessed
inafied experiment under conditionsof artificid inoculation with Fusarium graminearum. The FHB infection
levd as the percentage of spike tissue necrotized by the pathogen was assessed in the fidd during the grain
filling period. The number of scaby grainswas determined in alaboratory using a“paper roll test* —germination
test in fungicide medium containing active agent iprodione. Findy, mycotoxin DON content was evauated
immunologicaly by ELISA.

We assessed the efficacy of 24 different treatments with fungicides based on one as wdl as more agents and
the TM-mixtures of these products. The infection level was compared with the inoculated and non-trested
control.

The most effective reduction in DON content was found for triazoles tebuconazole, metconazole and mixture
of tebuconazolet+propiconazole at full rates. Mixtures of strobilurin product trifloxistrobin at therate of 75 g/ha
together with reduced rates of triazoles showed efficacy which was not Satisticaly different in comparison with
afull rate of tebuconazole in mixture with prochloraz.

The mixed fungicide Charisma (flusilazole+famoxadone) with declared efficacy againg FHB did not show
DON reduction aone but in mixture with haf rate of tebuconazole (125 g/ha) DON content was reduced to 1/
3 of the non-treated plot leve. Also, the mixtures of Charisma with flusilazole, metconazole and prochloraz
showed the increase in efficacy.

The use of reduced rates of stobilurin fungicide Amistar (azoxystrobin) —0.3 and 0.6 I/hain mixture with Artea
fungicide (propiconazolet+cyproconazole) reduced DON highly sgnificantly, too. There were no differences
between trestments based on this Arteafungicide (alone or in mixtures) in DON content but significantly more
scaby grains were found after Artea done as compared to both mixtures with Amigtar.

Highly significant correations were found between the following traits. FHB — DON and number of scaby
grans - DON (podtive levels), FHB - yidd and DON - yidd (negative levels). The sgnificant correlation
coefficient characterized the rdlationship yield — number of scaby grains (negative levd).
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ABSTRACT

The saven variables that sgnificantly influence fungicide efficacy are: gpplication timing, active ingredient (Al)
selection, “post gpplication” wesether, target plant type, goplication rate, deposition efficiency, and coverage
uniformity. Currently US growerstrying to control Fusarium head blight (FHB) on whest and barley have only
one fungicide available and it is available on EUP labd (“Emergency Use Permit”). Folicur is Bayer product
and its gpplication timing and maximum rate are specified by the EUP. A second experimental chemistry
numbered JAUG476 by Bayer isin the field testing stage. A label for ablended JAU 6476/ Folicur product is
anticipated in oneto two years. Growers can select the variety of wheet or barley they plant but they have no
control of the weather. Recent North Dakota field studies have shown a direct and significant relationship
between fungicide dose and efficacy but even two times the maximum rate does not guarantee 100% control
of FHB, therefore rate reductions are not recommended. Thus the gpplication technology researcher is left
with two variables to optimize: deposition efficiency and coverage uniformity.

Deposition efficiency and coverage uniformity are affected by spray volume, drop size, and the methodology
of droplet trangport. North Dakota research documented that replacing one verticaly mounted flat fan nozzle
with two flat fan nozzles delivering 50% less solution oriented forward and backward and angle 60° down-
ward from vertical improvesefficacy. 2004 fidd sudiesextensvey tested the effects of varying soray volumes
and drop sizesfor both aerid and ground application. Nearly dl thetreated plotswere sSgnificantly better than
the unsprayed checks, but due to low disease pressure resulting from below average summer temperature
none of the application variables produced different effects. 2004 ground gpplication deposition studies showed
that the depogtion on the grain heads increased as the nozzles are angled from zero to 60° from vertica for
both standard hydraulic nozzle and air assst gorayer sysems.  Two hydraulic nozzles angle forward and
backward were better than one or two nozzles angled forward. Preliminary 2004 results indicate that the
local systemic activity of both Folicur and JAU 6476 was enough to overcome any differences in coverage
uniformity between the severd different application technologiestested. A normal season with greater disease
pressure may produce different results.

The grower must be concerned about more than FHB control. Significant increases in yields and test weight
arefrequently caused by the fungicide' s control of leaf diseases. Improvement inyield and quality factorsasa
result of fungicide efficacy improvement is difficult to delineate between FHB and foliar disease. Often control
of FHB is quantified by the measurement of the toxin deoxynivaenol from the grain sample. Fungicide gppli-
cation that targets the grain head for only FHB control is often not feasible or practical from a grower’s
perspective. An economically sound spraying methodology must have both an Al and application equipment
that target the whole plant disease complex.
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ABSTRACT

Lysobacter enzymogenes C3 isabacterid srain with biologica control activity againgt Fusarium head blight
(FHB) of wheat caused by Fusarium graminearum. While it is unique in having the potentia to suppress
FHB through direct antagonism and induction of host resstance, it issimilar to other FHB biocontrol agentsin
that the achievement of consstent field control of FHB using C3 isachalenge. This poster summarizes green-

house and field research conducted during the last three yearsto identify application factors and strategiesthat
can influence the effectiveness of C3 in FHB biocontrol. C3 efficacy was found to be independent of cdll
concentration. Various dilutions of C3 broth cultures yielded similar levels of disease control in greenhouse
experiments, while C3 efficacy in fidd experiments varied despite rdatively uniform population levels of C3
being applied acrosstrids. Timing of C3 gpplication aso was not an important factor as pre-anthesis applica
tions of C3 in greenhouse and field experiments were as effective as C3 trestments made at the onset of
anthesis. Among factors that were important to efficacy was uniformity of depodtion. In the greenhouse,
protection by C3 was localized to wheet spikelets to which the bacterium was applied. In the field, FHB
control was achieved only in experimentsin which C3 was applied in relatively high volumesthat dlow uniform
coverage of wheat heads, whereas no efficacy was found in any experiment in which C3 was gpplied in low
volumesthat provide non-uniform trestment. Application strategies, including combining C3 with other biologi-

ca control agentsor with fungicides, will be examined asto their potentidsfor providing effective FHB control.

In addition, results obtain using C3 will be discussed in rdations to the use of biologica agentsin genera asa
tool for managing FHB.
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OBJECTIVE

To evduate, usng standardized methodology, a set of
biological control agentsfor effectivenessin managing
Fusarium heed blight (FHB) inwheet and barley across
arange of environmenta conditions.

INTRODUCTION

Biologicd control agents with the potentid for con-
trolling FHB in the fidd have been identified (da Luz
et a., 2003), the most extengvely studied in the US
being the yeast Cryptococcus nodaensis OH 182.9
(Khan et d., 2004), strains of Bacillus spp, induding
Trigocor 1448 (Stockwell et al., 2001) and 1BA
(Draper et d., 2001), and Lysobacter enzymogenes
grain C3 (Yuen and Jochum, 2002). These agents
were effective when eva uated separately infidd tests
(Stockwell et a., 2001; Khan et d., 2004; Y uen and
Jochum, 2002). To better gauge the potentials of
biocontrol agentsfor commercia development, how-
ever, direct comparison of agents over a wide range
of environmental conditions and crop genotypes is
necessary. The Uniform Fungicide and Biologica
Control Trids (UFBT) supported by the USWBS
provides an avenuefor wide-scde, sandardized field
testing (Milus et d., 2001), but for most biocontrol
agents, systems for large scale propagation and for-
mulation areunavailable, and thusit isdifficult toevau-
atebiologica agentsin the same sandardized tridlsas
chemical fungicides. Informa effortswere undertaken
in 2001 through 2003 to compare a set of biocontrol

agents across severd states, with procedures varying
amongthelocations(Yuenetd., 2003). Noonedrain,
however, was superior or consstently effectivein these
dudies. But out of this collective effort came amutud
aopreciation of the difficultiesin working with micro-
organigmsoriginating from different laboratories, dong
with the recognition that standardized methods are
needed in order to compare results from one location
to another. Given that biocontrol agents for FHB, in
their current state, require special procedures as to
propageation, handling and quaity control, aUSWBSI -
funded program for uniform evauation of biologica
agents on wheat and barley separate from the UFBT
was initiated in 2004. The results of the 2004 efforts
on wheat analyzed across|ocations are reported here.

MATERIALSAND METHODS

Fvetridswere conducted acrossfour Satesonarange
of classes (Table 1). A sixth trid in South Dakota on
barley a0 was conducted as part of the uniform evau-
ation, but its results are reported in a separate paper.
In each trid, four biologica agents (Table 2) were
tested. A culture of each organism was provided to
the researcher in each location and inoculum for treat-
ment was propagated by the researcher following in-
dructions provided by the organism’'s supplier. The
pre-gpplication population of each agent in the inocu-
lum was determined by the local researcher using di-
lution plating. In addition to the biologica agents, there
was a non-treated control and a treatment with the
fungicide tebuconazole, as Folicur 432SC, 4.0 fl oz/
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A, amended with 0.125% Induce. One application
was made per treatment at early flowering (Feekes
10.51) in 20 gd/acre using a CO2-pressurized sprayer
(approximately 40 ps) equipped with flat-fan nozzles
oriented forward and backward. The size and num-
ber of replicate plots varied among trids. Some of the
trias were inoculated with Fusarium graminearum
and utilized mig irrigation sysems to simulate infec-
tion. Indl trids, FHB incidence (% headsinfected per
plot), severity (Yospikd etsinfected per diseased head),
andindex (plot severity) were determined from et least
40 heads per plot around 3 weeks after anthesis. The
incidence of Fusarium-damaged, kernels (FDK) were
determined after harvest. Samplesfrom each plot were
to USWBS-designated laboratories for analysis of
DON content. Results from dl trids were andyzed
together usng ANOVA, with trids being treated as
blocks. The trids conducted on two cultivarsin Mis-
souri were considered to be separate trials. Consult
individual gtate tria reports for results at each loca
tion.

RESULTSAND DISCUSSION

FHB pressure varied consderable among the trids,
with incidence ranging from 40 to 99% and severity
ranging from 16 to 52% in the controls. None of the
treatments with a biologica agent or with Folicur
432SC had asgnificant effect on any disease param-
eter compared to the control across the trids (Table
3). The agents dso were inegffective in dl of the indi-
vidud trids, Folicur 432SC provided asgnificant re-
duction in DON in the Missouri trid on * Truman’ but
otherwise had no effect in individud trids (data not
shown).

Biocontrol agent numbersin theinoculum culturesvar-
ied congderably among agents and among locations.
In many ingtances, cell concentrations determined at
the time of application were severd orders of magni-
tude lower than expected. The low population num-
bers applied could have been a contributing factor to
lack of efficacy in the biologicd treatments. This ex-
perience points to the need for better control over
microorganism numberswhen testing biologica agents.
Thefact that Folicur aso wasineffective acrossthese
trids is an indication that suppression of FHB under
field conditionsremains adifficult objectiveto achieve
using biologicd or chemica trestments.
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Table 2. Biological control agents tested in 2004 uniform trials.

Organism

Gram-positive bacterium AS 54.6
Lysobacter enzymogenes C3R5
Bacillus subtilis TrigoCor 1448
Bacillus sp.1BC

Supplier

D. Schisler, NCUAR USDA-ARS, Peoria

G. Yuen, University of Nebraska

G. Bergstrom, Cornell University

B. Bleakley and M. Draper, South Dakota State University

Table 3. Results across five uniform biocontrol trials on wheat, 2004.

% FHB % FHB DON
Treatment incidence  severity Index (%) % FDK (ppm)*
Non-treated control 60.9 29.6 18.7 52 3.7
Folicur 432SC 58.4 26.1 154 4.5 3.3
AS54.6 63.6 29.3 19.6 5.8 3.7
C3R5 59.1 28.5 175 51 3.7
TrigoCor 1448 62.2 30.3 194 6.4 4.0
1BC 61.3 29.3 194 5.3 4.0

*Based on results from four trials.
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OBJECTIVES

To investigate the effect of temperature during liquid
cultivation of C. nodaensis OH 182.9 on cdll surviva
after ar-drying, and on biocontrol efficacy of air-dried
products.

INTRODUCTION

Cryptococcus nodaensis OH 1829 (NRRL Y-
30216), isolated from the anthers of whest, sgnifi-
cantly reduced FHB under greenhouse and field con-
ditions when gpplied as fresh cdl preparations and
frozen cedll concentrate products (Khan et a., 2004,
Milus et d., 2001; Schider et a., 2002). Develop-
ment of dried products of OH 182.9 would have po-
tentid advantages of ease of handling, conveniencein
transportation, favorable economics and consumer
acceptance. Field data from the 2002 UWFBT indi-
cated that the freeze-dried OH 182.9 product main-
tained vigbility but wasnot aseffectivein reducing FHB
aswasthefrozen cell concentratetested in 2001. It is
possi blethat melezitose, atrisaccharide cryoprotectant
that was used to enhance the tolerance of OH 182.9
to freeze-drying, simulated pathogen activity. In or-
der to avoid this problem, air-drying without the addi-
tion of cryoprotectants was selected as a preferred
processfor dehydrating biomassof OH 182.9 (Schider
et a., 2004). The specific objective of this project
wasto investigate theimpact of heet and/or cold shock
during liquid cultivation on the storage stability and
biocontrol efficacy of OH 182.9 cdlsin an inert di-
atomaceous earth carrier.

MATERIALSAND METHODS

Effect of timing and duration of heat and/or cold
temperatures (Experiment 1). The temperature
extremes used for heat and cold trestmentswere 31°C
and 15°C, respectively. Culturesof C. nodaensisOH
182.9 were initidly grown in SDCL (Slininger et d.,
1994) at 25°C and 250 rpm for 20 or 26 h. Cultures
of OH 182.9 arein late exponentia growth after 20 h
and early Sationary growth after 26 h (datanot shown).
Totest the effect of heat and cold temperature shock,
OH 182.9 cdlls then were subjected to various heat
and/or cold temperature extremes (Table 1). Thisex-

periment was conducted twice with 3 replications per
treatment.

Effect of intensity and duration of cold tempera-
tures(Experiment 2). Becauseresultsfrom the heet
and cold shock experiments indicated the potentia
benefit of cold shock to long-term surviva of dried
OH 182.9 cdlls, experimentswere conducted to opti-
mize the timing and duration of cold shock during cdl
cultivation. Thecold shock temperaturestested were
5, 10 and 15°C applied at the late exponential stage
of growth (20 h) for 28 h or 4 h. (Table 2).

Survival of cells after air-drying and storage.
Harvested cultures were mixed with 10% diatoma-
ceous earth (Hyflo, Celite Corporation) (w/v) and
dewatered usng vacuum filtration. The resulting C.
nodaensis OH 182.9:diatomaceous earth formulations
were milled in a food processor, and placed in shal-
low pansin an air-drying chamber at 60-70% RH for
goproximatdy 20 h or until the moisture content of the
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formulations was lessthan 4% [(W,,,-W,, ) x 100%
/W, l. The dried OH 182.9 formulations were
vacuum packed in plastic bags and stored at 4°C or
room temperature (25°C) for cdl surviva tests. Cdll
aurviva was assessed by suspending 50 mg of air-
dried samples in 50 ml of weak (0.03%) phosphate
buffer, mixing in a Stomacher 80 (Seward Inc., En-
gland) for 60 s, and dilution platingon 1/5TSA. Since
no colonies were recovered in some trestments when
samples were stored a room temperature after 14
weeks, 500 mg samples were used instead of 50 mg
for determining colony forming units (CFU). Data
(CFU per gram of dry weight) was converted to loge-
rithmic vauesand andyzed usng IMP software (SAS
Inc., NC)

Greenhouse bioassays of air-dried OH 182.9
products against FHB. Experiments were con-
ducted in the greenhouse where temperatures ranged
from 17-20°C at night and 25-28°C during the day.
Two whest (cultivar Norm) seedlings per plastic pot
were grown in air-steam pasteurized potting mix in a
growth chamber at 25°C with aregime of 14 h light/
day for 7-8 weeks prior to use. Whesat heads were
inoculated a anthess by spraying cdl suspensons of
OH 182.9 products from Experiment 2 in weak PO,
buffer with 0.036% Tween 80. One gram of an air-
dried OH 182.9 product was added to 50 ml of PO,
buffer and mixed in a Stomacher 80 (Seward Inc.,
England) for 60 s. Thissuspension (approx. 1-5x10°
CFU/ml) was used to inoculate 4 plants representing
atotal of 12-16 heads. Heads were then challenged
by soraying with 12 ml of aconidid suspenson of G
zeae (1-2 x10* conidia/ ml) in wesk PO, buffer with
0.036% Tween 80. Treated pots were arranged in a
completdy randomized design with four replications
for each treatment. Each experiment was conducted
2 or 3times. Wheat heads inoculated only with a
suspenson of G. zeae served as a disease contral.
Inoculated plants were incubated in aplastic humidity
chamber for 3 days before being transferred to green-
house benches. FHB severity was visudly estimated
using a0 to 100% scae at 10-14 days after inocula
tion. Disease severity datawere normaized using the
arcsine transformation before anadysis of variance
(ANOVA).

RESULTSAND DISCUSSION

In generd, air-dried cells from cultures incubated at
15°C for 28 h after 20 h at 25°C (T5, Table 1) main-
tained viability better than those from other treatments
(Figure 1). Hest trestment during cdll growth did not
have a sgnificant effect on cdl surviva. Exposure of
culturesto cold temperatures during the late exponen-
tid growth stage of OH 1829 (T5) sgnificantly in-
creased the storage stability of ar-dried cdls com-
pared to cells exposed to cold during early stationary
growth (Figure 1, T6).

A prolonged moderately cold shock after an initid
period of normd incubation Sgnificantly enhanced Sor-
age dability with the highest log ,CFU/g dry weight
(7.6 for T5) at 18 weeks stored at room temperature
after air-drying (Table 2, Figure 2). However, pro-
longed cold shock of cells at the lowest temperature
(5°C) tested had an adverse effect on cdl survivd,
with the lowest log, ,CFU/g dry weight of 5.6 for T1
at 18 weeks, compared to a value of 6.2 for control
cdls (T7)(Figure 2). Smilar results were observed
from the air-dried OH 182.9 products stored at 4°C
(data not shown).

The biocontrol efficacy of air-dried products of OH
182.9 stored at 25°C and 4°C was assessed in the
greenhouse. After air-drying, OH 182.9 productsfrom
T1, T3, T5, and T6 (Table 2, Table 3) sgnificantly
reduced disease severity of FHB compared to the
untreated control (P=0.05). After 6 weeks storage at
4°C, air-dried OH 182.9 produced from T1, T2, T3,
T5 and T7 retained biocontrol capacity. However,
for OH 182.9 products stored at room temperature
(25°C), only air-dried products from T1, T3 and TS
sgnificantly protected wheset plants from FHB. Fer-
mentation conditionsduring OH 182.9 production and
the storage conditions for dried cell products can be
managed to enhance product stability and biologica
control performance.
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DISCLAIMER

Any opinions, findings, conclusions, or recommendations
expressed in this publication are those of the author(s)
and do not necessarily reflect the view of the U.S.
Department of Agriculture. Names are necessary to report
factually on available data; however, the USDA neither
guarantees nor warrants the standard of the product, and
the use of the name by USDA implies no approval of the
product to the exclusion of othersthat may also be
suitable.
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Table 1. Descriptions of heat and cold temperature applications during
liquid cultivation of OH 182.9 (Experiment 1).

Treatment Application of heat and cold temperatures

T1 20h25°C? 2h31°C? 2h25°C? 24h15°C
T2 26 h25°C? 2h31°C? 2h25°C? 18h15°C
T3 20h25°C? 2h31°C ? 26 h25°C

T4 26 h25°C? 2h31°C? 20 h 25°C

T5 20h 25°C? 28 h 15°C

T6 26 h25°C? 22 h15°C

T7 48 h 25°C (standard control)

Table 2. Descriptions of cold temperature applications during the liquid

cultivation of OH 182.9 (Experiment 2).

Treatment Application of heat and cold temperatures
T1 20h25°C? 28h5°C

T2 20h25°C? 4h5°C ? 24h25°C

T3 20h 25°C? 28 h 10°C

T4 20h25°C? 4h10°C ? 24h25°C

T5 20h 25°C? 28h 15°C

T6 20h25°C? 4h15°C ? 24 h25°C

T7 48 h 25°C (standard control)
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Figure 1. Effect of heat and/or cold temperatures on cell survival of OH 182.9
after air-drying (stored at 4°C) (Experiment 1).
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Figure 2. Impact of cold treatments during OH 182.9 biomass production on cell
survival after air-drying (stored at 25°C) (Experiment 2).
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Table 3. Efficacy of cold shocked, air-dried OH 182.9 products from Experiment 2 in
reducing FHB severity (%) in greenhouse tests'.

6 weeks after air-drying

After air-drying 25°C 4°C
Treatment (% reduction vs CK) (% reduction vs CK) (% reduction vs CK)
Tl 16 b (66) 35b (53) 20 bc (51)
T2 28 ab (40) 55ab (27) 22 bc (46)
T3 23b (51) 42b (44) 14¢c (66)
T4 26 ab (45) 58 ab (23) 25 abc(39)
TS 23b (51) 36 b (52) 10c (76)
T6 23b (51) 45 ab (40) 37 ab (10)
T7 31 ab (34) 49 ab (35) 13¢ (68)
CK 47 a 75 a 41 a
LSDy s 24 33 17

'"The cold temperature shock treatment regime utilized to produce cells in the air-dried
products tested are described in Table 2.

387





