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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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INTERACTIONS BETWEEN WHEAT APHIDSAND FUSARIUM
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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.

292



Chemical, Cultural and Biolgoical Control

MICROBIOLOGICAL AND CHEMICAL COMBINATION
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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

293



Chemical, Cultural and Biological Control

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.
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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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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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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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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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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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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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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.
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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)

REFERENCES

McMullen, M., Milus, G., and Prom, L. 1999. 1999 Uniform
fungicidetrialstoidentify productseffectiveagainst Fusarium
head blight in wheat. Pages 64-68 in: Proc. Of the 1999 Na-
tional Fusarium Head Blight Forum, Sioux Falls, SD, Dec. 5-7,
1999. Michigan State Univ.

Hershman, D. E. and Milus, E. A. 2003a. Analysis of 2003
Uniform wheat fungicide trials across locations and wheat
classes. Pages 76-80 in: Proc. of the 2003 National Fusarium
Head Blight Forum, Bloomington, MN, Dec 13-15, 2003. Michi-
gan State Univ.

Hershman, D. E. and Milus, E. A. 2003b. Performance of
Folicur in Fusarium head blight uniform fungicide trials,
1998-2003. Pages 81-82 in: Proc. of the 2003 National
Fusarium Head Blight Forum, Bloomington, MN, Dec 13-
15, 2003. Michigan State Univ.

319



Chemical, Cultural and Biological Control

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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DEVELOPMENT OF FUSARIUM HEAD BLIGHT IN WINTER WHEAT
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Takegne Y. 2 and Tronsmo, A.M 2%
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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.

REFERENCE
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resistance to Fusariumhead blight in wheat. European Journal of Plant Pathology 110: 91-102.
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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.
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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
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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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EFFECT OF FUNGICIDE TIMING AND APPLICATION RATE
ON CONTROL OF FUSARIUM HEAD BLIGHT
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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
Kaszonyi, G., Mesterhézy, A.", Bartok, T., Varga, M and Toth, B.

Cered Research non-profit Co., 6726 Szeged, P.O.Box 391, Hungary
"Corresponding Author: PH: 36 30 415 9730, E-mail: akos.mesterhazy @gk-szeged.hu

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.
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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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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).
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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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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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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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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
M. McMullen’, J. Jordahl and S. Meyer
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"Corresponding Author: PH (701) 231-7627; E-mail: mmcmulle@ndsuext.nodak.edu

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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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.
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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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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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COMPETITIVE MICROSATELLITE PCR FOR MEASURING
THE GROWTH OF FUSARIUM GRAMINEARUM AND
TRICHODERMA ATROVIRIDE ON BT MAIZE RESIDUES
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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.

362



Chemical, Cultural and Biolgoical Control

EFFECT OF STRAW MANAGEMENT AND TILLAGE
SYSTEMS ON DON CONTENT IN CEREALS
D. Pageau?, J. Lgeunesse!, M.E. Savarck and S. Rioux®

'Research farm, Agriculture and Agri-Food Canada, Normandin QC Canada; 2Eastern Cereal and
Oilseed Research Centre, Agriculture and Agri-Food Canada, Ottawa ON Canada;
and *Centre de recherche sur les grains (CEROM), Sainte-Foy QC, Canada
“Corresponding Author: PH: (418) 274-3378 ext. 228; E-mail: pageaud@agr.gc.ca

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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USE OF GREEN MANURESTO INHIBIT FUSARIUM
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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.

365



Chemical, Cultural and Biological Control

STUDIES ON THE INTERACTION BETWEEN FUNGICIDES,
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S.R. Pirgozlievt?, S.G. Edwards", M.C. Hare! and P. Jenkinsont

1Crop and Environment Research Centre, Harper Adams University College, Newport, Shropshire TF10 8NB,
UK; and ?Current address: Agriculture and Agri-Food Canada, Vindand Station, Ontario, LOR 2E0, CANADA
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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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and Agri-Food Canada, Ottawa ON, Canada; and “CEROM, Saint-Bruno-de-Montarville QC, Canada
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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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*Corresponding Author: PH: (605) 688-4596; E-Mail: ruden.brad@ces.sdstate.edu

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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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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on Plant Growth-Promoting Rhizobacteria. Graphics Services,
CSIRO Division of Soils: Glen Osmond, Adelaide, Australia.

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.
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RAPD ANALY SIS OF FUSARIUM GRAMINEARUM ISOLATESFROM
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ABSTRACT

Barley is affected by Fusarium head blight. The mycotoxins produced by F. graminearum affect the grain
safety, mating and beer quaity. Barley can be irradiated with eectron beam radiation to reduce the funga
contamination, but there may be some Fusarium strains which can survive, grow and produce mycotoxins as
irradiated barley is mated. Random amplified polymorphic DNA (RAPD) andys's was done to screen for
mutationsin Fusarium isolates from irradiated barley. FHB-infected and control barley samples, which were
irradiated using electron beam radiation at doses of 0, 2, 4, 6, 8 and 10 KGy were obtained. Fusarium
infection (FI) anadlysis was done on 100 barley seeds which were asepticaly placed on half strength potato
dextrose agar (HPDA) plates incubated at 25°C for 5 days. Single germinated spores of Fusarium isolates
confirmed by Fl andysswere transferred to carnation leaf agar and incubated at 25'C for 7 days. The fungd
growth on the plates was identified to the species level microscopicaly based on morphologica characteris-
tics. The morphology, pigment and growth of these fungd colonies were confirmed by growing conidia of
Fusarium isolates on HPDA plates which were incubated at 25°C for 7 days. Nine F. graminearum isolates
were used for RAPD andysis to screen for mutations by comparing with a control F. graminearum isolate
(FRC R-9821) and these isolates and reference strain (NRRL 6574) were grown on 25 g of autoclaved rice
(40% moisture content) at 25°C for 14 days and analyzed for their ability to produce deoxynivaenol and
related mycotoxins by high pressureliquid chromatography. Thecluster analyssof thevariousF. graminearum
isolates RAPD profiles have confirmed that they can be divided into two groups. Group A conssts of the
reference strain (FRC R-9821) and four isolates obtained from control and irradiated (2K Gy) barley. Group
B congsts of four isolates which were obtained from barley irradiated to 2, 4, 6 and 10 KGy and one control
grains. Deoxynivaenol (DON) produced by both control and irradiated i solates ranged from noneto 31.1 ug
and 15-Acetyl deoxynivalenal (15-ADON) produced ranged from none to 105.34 pug. Some of the isolates
obtained from irradiated barley retained their DON producing ability to some extent (ranged from 0.65-4.76
pg) but produced no ADON. The results from mycotoxin analyss indicate that irradiation may decrease
mycotoxigenessin F. graminearum. Further research has to be done to know whether irradiated barley can
be used in mdting indudtry, asirradiation isfound to reduce the mycotoxigenecity of F. graminearumisolates
obtained from irradiated barley.
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ABSTRACT

Epidemics of Fusarium head blight (FHB) on cered
grains caused by severa speciesof Fusarium, manly
reported as a complex, are becoming more frequent
around theworld. Thediseasereducesgrainyiddand
quality, often causing grain to be unsuitable for human
consumption, because some toxigenic Fusarium
grains are capable to accumulate mycotoxins in ce-
rea grains and derived foods and feeds. The patho-
gensmainly reported ascausd FHB agentsarestrains
of F. graminearumdeoxynivalenol (DON) producer,
but especidly in cooler regions of Europe, other spe-
ciesof Fusarium, such asF. culmorum, (alsoaDON
producer) and F. avenaceum (a moniliformin pro-
ducer), can predominate. At thisregard, recent inves-
tigations reported an increasing occurrence of strains
of F. avenaceum, and its gtrictly related species F.
arthrosporioides, as well as of F. poae, F.
sporotrichioides and F. tricinctum, all producers of
the esadeps peptides beauvericin (BEA) and enniatins
(ENs). The natural occurrence of high amounts of
beauvericin (upto 3.5 mg/kg) and enniatins (upto 18.3
mg/kg of enniatin B) in FHB smdll grains, together with
the relevant phytotoxic and zootoxic properties, sug-
gest an examination of the potential role of these
Fusarium metabolites in contributing to the severity
of FHB and the toxicity of cered grains.

Keywords: Fusarium Head Blight (FHB),
Esadeps peptides, Enniatins, Beauvericin, Mycotox-
ins, Fusarium avenaceum.

Fusarium Head Blight (FHB) of cereal grains-
Fusarium heed blight (FHB) of whesat and other smdll
cereds is a severe disease world wide, causing re-
ductionin crop yied often estimated up to 30 percent.
In addition certain Fusarium strains are a so capable

of producing mycotoxinswhich can beformed dready
in infected plants standing in the field and then accu-
mulatein sored grainsunder favourable fungd growth
conditions. The occurrence of mycotoxins in cered
grainsis of great concern, because their presence in
foods and feeds is often associated with chronic or
acute mycotoxicoses in livestock and, to alesser ex-
tent, also in human. The Fusarium species predomi-
nantly reported around theworld as causal FHB agent
isF. graminearum, and the toxicologica connected
greatest problem isrelated essentidly with the occur-
rence of deoxynivaenol or vomitoxin (DON). How-
ever, epecidly in cold northern European regions,
other speciesof Fusarium, such asF. culmorum (so
aDON producer), and F. avenaceum are important
FHB agents (Bottalico, 1998).

Many drainsof F. avenaceum from FHB smdl grains
werefound to produce severd cyclic esadeps peptides,
including enniatins (ENs) and beauvericin (BEA)
(Logrieco et al., 2002b; Morrison et al., 2002). In
addition, some other Fusarium species from FHB
grains, such as F. poae F. arthrosporioides (F.
avenaceum), F. tricinctum and F. sporotrichioides
were proven to have the same relevance as
esadepsipeptide producers (Nicholson et al., 2004).
On the other hand, there are increasing evidences of
the occurrence of high amounts of ENs and BEA in
Finnish scab smdl grains (whest, rye, oats and barley)
(Logrieco et al., 2002b; Jestoi et al., 2004).

Enniatins were known for along time as phytotoxins
and associated with plant diseases characterized by
wilt and necrosis (Gaumann et al., 1960), and some
phytotoxic properties were recently reported also for
BEA (Sagakuchi et al., 2000). Moreover, dueto their
ionophoric structure, BEA and ENs are able to ex-
hibit many toxic effectson animd sysems garting from
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the dteration of the ion trangport across membranes,
which may lead to the disruption of the cationic selec-
tivity of cdl wal, and ultimately to induce DNA frag-
mentation and cell desth by gpoptosis (Logrieco et
al., 2002a; Macchia et al., 2002). These basic
mechanisms, represent the behaviour leadingto alarge
array of toxic ability, such asantimicrobid, insecticidd;
and a drong cytotoxic activity on severd cdl lines of
invertebrate, rodents, farm animals, and human
(Ganass etal., 2002; Caoetal ., 2003, 2004; Forndlli
et al., 2004). Thesefindingsontoxic potential of BEA
and ENsin plant and animd systems, obvioudy stimu-
late us to a deeper examination of the significance of
such esadepsi peptides and their producing Fusarium
gpeciesin contributing to the FHB severity and grains
toxiaty.

Natural occurrence of Beauvericin and
Enniatins - Beauvericin (BEA) is the main naturd
component of the beauvericingroup, belongingto ENs
family (Hamill et al., 1969). Besides BEA, five other
compounds were purified from fumgd cultures, and
designated asbeauvericin A, C, D, E and F (Guptaet
al., 1995; Fukuda et al., 2004), but they are not yet
found as natura contaminants. The most important
ENs, reported asnaturd contaminants, include: Enniatin
A (ENA), Enniatin A1 (ENA1); Enniatin B (ENB);
and, Enniatin B1 (ENB1) (Savard and Blackwsll,

1994). Three new enniatins of the B series, designated
asB,, B,and B, were characterized from liquid cul-

tureof F. acuminatum and F. compactum by Visconti
et al. (1992), but as far as we are aware they were
not yet found as natura contaminants.

BEA wasfound in Finnish and Norwegian wheat and
other smdl cered grains mainly referred to the colo-
nization of F. avenaceum (Logrieco et al., 2002b),
but also to those of F. poae and F. sporotrichiodes
(Yli-Mattilaet al., 2004a; Jestoi et al., 2004; Uhlig
and lvanova, 2004). In particular, BEA wasfound in
al samplesof Finnishrye (up to 3.5 mg/kg) (Logrieco
et al., 2002b); in Norwegian samples of wheat, bar-
ley and oats (up to 0.12 mg/kg) (Uhlig et al., 2004);
in Finnish samples of whest, barley and oats (up to
0.019 mg/kg), and at trace levelsin Itdian and Finnish
samplesof grain-based products (Jestoi et al., 2004).

The naturd occurrence of ENsin grains has been in-

vedtigated lessextensvely than BEA. Infact, ENshave
been found only in a few investigations in samples of
amal cered grainsand grain-based productsfrom Fin-

land and Norway (Logrieco et al., 2002b; Jestoi et

al., 2004; Uhligand lvanova, 2004). Interestingly, ENs
were reported at ppm levelsin wheat (ENB, ENBL),
rye(ENAL, ENB, ENB1), and barley (ENA1L, ENB,

ENB1), with concentrations of ENB as high as 18.3
and 9.76 mg/kg (ppm) in Finnish wheat and barley,

respectively (Logrieco et al., 2002b; Uhlig and
Ivanova, 2004; Jestoi et al , 2004). In particular, very
high amounts of ENA (up to 6.9 mg/kg), ENB (up to
4.8 mg/kg); and ENB1 (up to 1.9 mg/kg) were found

in Finnish rye samples by Logrieco et al. (2002b);

whereas Uhlig and Ivanova (2004) found relevant

amounts of ENs type B in Norwegian whest, oats,

and barley, but only trace levels of ENstype A.

Potential toxic role of BEA and ENs in FHB
severity and toxicity of small cereals - The
Fusarium species-complex causing FHB in northern
Europe, depending on year crop season and ceredl
host, seems to be predominantly composed by F.
avenaceum, F. poae, F. arthrosporioides, F.
sporotrichiodes and F. tricinctum (Jestoi etal ., 2004,
Nicholson et al., 2004; Yli-Mattilaet al., 2004b). As
aconsequence, the greatest mycotoxicologica prob-
lem derived from FHB appearsto beassociated mainly
with the occurrence of BEA and ENs and, a alesser
extent, with zearaenones and trichotheceneswhich are
produced by F. gaminearum, F. culmorum, F. poae
and F. sporotrichiodes. Both BEA and ENs exhib-
ited phytotoxic and zootoxic activitiesin many bicas-
says, therefore, like for other mycotoxins formed in
plant hosts, it could be suggested a possible role of
BEA and ENsin plant pathogenesis and in grain tox-
iaty.

Regarding the phytotoxic activities of ENS, it wasre-
ported that these metabolites aretoxic in saverd plant
systlems, induding: loss of turgor, leaf yelowing and
margind necrodsin tomato cuttings (Gaumann et al .,
1960); inhibition of growth of wheat seedlings
(Burmeigter and Plattner, 1987); necrotic lesons on
leaves (Hershenhorn et al., 1992) and on potato tu-
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ber dices (Herrmann et al., 1996b); and inhibition of
germination of a parasitic weed (Zonno and Vurro,
1999). Informetion on thetoxicity of BEA againg plant
systemsis limited to the induction of premature degth
of melon and tomato protoplasts (Sagakuchi et al.,
2000; Paciollaet al., 2004).

Inandogy withtheroleof DON in FHB severity, dso
for ENs was proposed a role during the plant infec-
tion process by Fusarium species synthesizing
ennidins. To thisregard, there are evidences that the
virulence of modified srains of F. avenaceum was
sgnificantly reduced after disruption of theesynl gene,
which encodes for the multifunctiona enzyme enniatin
gynthetaseinvolved in enniatin biosynthess (Herrmann
et al., 1996a)

It gppears that ENs exhibit more phytotoxic capabil-
ity than BEA, which instead appears endowed with
stronger zootoxic properties.

It was wdll established that the toxicity of BEA and
ENSs derives from their peculiar ionophoric property,
and their capability to cause DNA fragmentation and
cdl degth by gpoptoss(Logriecoet al ., 2002a). Con-
sequently, the high cytotoxicity, especidly for BEA,
was confirmed in severa cell line biocassays, including
invertebrate, insects, rodents, livestock and human cdll
lines, and the ahility of these metabolites to induce
gpoptogsiscurrently used as poditive control in many
physiopathologicd investigations. But, the dataobtained
on the biologicd activity of BEA and ENs in the few
in vivo dudies indicated a generd low activity a the
concentrationstested. In fact, besdesardatively low
acute toxicity observed by intrgperitoned administra:
tion of ENs on mouse (McKeeet al., 1997), no ad-
verse effects were observed on growth and health
parametersin severd feeding trids on broiler and tur-
key (Letgeb et al., 2000; Zollitsch et al., 2003).

The high contamination levels of the Finnish cered
grains, both for BEA (up to 3.5 mg/kg) (Logrieco et
al., 2002b) and ENs (up to 18.3 and 9 mg/kg of ENA
inwheet and barley, respectively) (Uhlig et al., 2004;
Jestoi et al., 2004), besdesthe high toxigenic poten-
tid of FHB causing strains, suggest a desper investi-
gation on the chronic toxicity of these esadeps peptides,

particularly for ENB. Strains causng FHB were ca-
pable of producing in culture amounts of BEA (espe-
cially F. poae) and total ENs (especially F.
arthrosporioides) up to 130 and 3000 mg/kg, re-
spectively (Jestol M., persond communication). In
addition, the possible toxic interactions or synergistic
effects of ENs and BEA with mycotoxins co-occur-
ring in infected grains (especialy MON, DON and
NIV) (Golinski etal., 1997; Yli-Mattilaet al ., 2004a)
should be deeper explored.

Findly, the phylogenetic and toxigenic relationships
among the new entities within the monophyletic group
F. avenaceumVF. arthrosporioides/F. tricinctum,
which gppear to play animportant pathogenic and toxi-
genic role in FHB of smdl cered grain of northern
European countries (Yli-Matila et al., 2004a) should
be better assessed. To thispurposeit seemsnow pos-
sblethe use of savera molecular markers (Nicholson
et al., 2004; Yli-Mattila et al., 2004b) to separate
such grictly related molecular and morphological spe-
ciesevendirectly from theinfected spikes, and then to
evaduate the posshility to reconsder the taxonomic
importance of F. arthrosporioides Sherb.

In conclusion, the widespread occurrence of F.
avenaceum asthe predominant agent of FHB of small
cered grains, together with its ability to produce high
amounts of BEA and ENs which can occur at high
levelsin naturdly infected grains, warrant more accu-
rate investigations to establish the role of these
Fusarium metabolites in the severity of FHB and the
toxicity of scabby grains.
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ABSTRACT

Our previous work has examined the accuracy of a semi-automated whest scab ingpection system that is
based on near-infrared (NIR) reflectance (1000 to 1700 nm) of individud kernels. Classfication analysis has
involved the gpplicaion of various daidicd dassfication techniques, indluding linear discriminant andyss
(LDA), soft independent modeling of class analogy (SIMCA), partid least squares (PLS) regression, and

non-parametric (k-nearest-neighbor) classfication. Recent research has focused on the determination of the
most suitable visble or near-infrared wavelengths that could be used in high-speed sorting for remova of
FHB-infected soft red winter wheat kernels. Current technology in high-speed sorters limits the number of
gpectral wavelengths (regions) of the detectors to no more than two. Hence, the critical aspect of this study
has been the search for the single wavedengths and best two-wavelength combinations that maximize class
separation, using LDA. Four thousand eight hundred kernels from 100 commercid varieties, equaly divided
between norma and scab-damaged categories, were individualy scanned in the extended visible (410-865
nm) and near-infrared (1031-1674 nm) regions. Single- and dl combinations of two-wave ength LDA models
were devel oped and characterized through cross-vdidation by the average correctness of classfication per-

centages. Short visible (~420 nm) and moderate near-infrared (1450-1500 nm) wave engths produced the
highest single-term classification accuracies (at gpproximately 77% and 83%, respectively). The best two-

term models occurred near the wavelengths of 500 and 550 nm for the visible region done (94% accuracy),

1152 and 1248 nm for the near-infrared region aone (97%), and 750 and 1476 nm for the hybrid region
(86%). These wavelengths are, therefore, consdered of importance in the design of monochromatic and

bichromatic high-speed sorters for scab-damage reduction.  Ongoing research is presently examining the
efficiency of high-gpeed sorting for Fusarium-damaged kerndls, as measured by reduction in DON concentra-

tion. Approximately 40 5-kg commercid samples of soft red winter wheat have undergone as many asthree
successive sorts, using a commercia sorter outfitted with filters at 675 and 1470 nm.  Results indicate a
ggnificant reduction in DON is achieved through sorting; however, this comes at the expense of fdse positives
(good kernds diverted to regject stream) and the overal reduction in materid available for processing.

397



Food Safety, Toxicology, and Utilization of Mycotoxin-contaminated Grain

INVESTIGATION OF FUSARIUM MY COTOXINS
IN UK WHEAT PRODUCTION
S.G. Edwards
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OBJECTIVES

Determine the effects of agronomic factors on
Fusarium mycotoxin levelsin UK wheset grain over a
five year period (2001 — 2005).

INTRODUCTION

Fusarium mycotoxins are produced on cered grains
by awide range of Fusarium species. Many myc-
otoxinsare produced in culture but the main onesfound
in cereals are the trichothecenes (which include
deoxynivaenol (DON, aso known as vomitoxin),
nivaenol (NIV), HT2 and T2), zeardenone (ZEAR)
and fumonisns. The Fusarium mycotoxins are pro-
duced predominantly inthefiedd but levelscanincrease
if sored under adverse conditions. On cereds the
predominant mycotoxins worldwide are DON and
zeardenone. Fumonisins are only usudly found on
maize.

The European Commission is currently consdering
maximum levelsof Fusarium mycotoxinsfor unproc-
esad cereds and cered foodstuffs intended for hu-
man consumption. Legidationfor DON, zearalenone,
HT2+T2 and fumonisins should be introduced within
the next two to three years. Previous one year sur-
veysof Fusarium mycotoxins have shown thet levels
are generdly low within the UK (Turner et d., 1999,
Prickett et a., 2000). However, it isnot known how
the levels of mycotoxins in wheat vary over different
seasons. It isaso not known how agronomic factors
may affect mycotoxin levesin UK whest.

MATERIALSAND METHODS

Three hundred grain samples are collected at each
harvest. Anequa number of sampleswere requested

from each region: South, East, Central, West, North
of England, Scotland and Northern Irdland.

An even number of sampleswere requested from each
of the following categories:

1. Organic production
2. Conventiona production with no head spray

3. Conventiond production with straight strobilurin
head spray

4. Conventiond production with strobilurin /triazole
mixture head spray

5. Conventiond production with straight triazole
head spray

Samples were andysed by RHM Technology, High
Wycombe, UK by GC-MS analysis for ten
trichothecenes and by the Centrd Science Labora-
tory, York, UK by HPLC andysis for zearadenone.
The trichothecenes analysed were deoxynivaenol
(DON), nivalenol (NI1V), 3-acetylIDON, 15-
acetylDON, fusarenone X, T2 toxin, HT2 toxin,
diacetoxyscirpenol (DAS), neosolaniol and T2 triadl.

RESULTSAND DISCUSSION

Incidence of Fusarium mycotoxins in UK whegt in
the first three years of the project, 2001-2003, was
generdly low with only four mycotoxins detected in
more than 5% of samplestested. Thefivemost domi-
nant mycotoxins found are detalled in Tables 1, 2 and
3. Datafor HT2 and T2 were combined as T2 is
rapidly metabolised into HT2. HT2 was the mgjor
component of this combined data. 1t should be noted
these resultsarefrom sdected samplesand not adtreti-
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fied survey so the average vaues obtained may not
accurately represent the true UK averages.

The incidence and concentration of Fusarium myc-
otoxinsin UK wheat were Smilar in each year tested.
The most noticeable difference in the three years was
the higher incidence of HT2+T2 in 2003 (Table 1, 2
and 3). Thevast mgority of sampleswerewd | below
the current EU proposed maximum limit for DON in
unprocessed whest (1250 ppb) The concentration of
DON found in UK wheat from 2001 to 2003 was
generdly low (average was 140 ppb) compared to
levelsfoundin other European countriesand € sewhere
in theworld (Anon, 2001).

Preliminary datigtical analyss of the combined data
from 2001 to 2003 has shown anumber of agronomic
factors can affect DON levelsin whest grain. Other
factorsmay be determined to have an effect oncedata
from dl five years have been andysed. Theresultsto
date indicate:

-Region wherewhest isgrownwasamgjor factor and
this can change with year. The South and East had
higher levels of DON than the rest of the country.

-Maize asthe previous crop increased therisk of higher
DON levels.

-Minimum cultivationincreased therisk of higher DON
levelsif following acered, in particular maize.

-The Fusarium head blight resstance in winter wheet
varieties reduced DON levesin harvested grain.

-There was no measurable effect of fungicides used at
current rates on DON levels and there was no differ-

ence between wheat samples from conventiona and
organic farms.

Visud assessments, using Fusarium damaged grain
counts, were poor and inconsistent indicators of
trichothecene levelsin UK whest.

Andyssof dl 1500 samples over five yearswill pro-
vide aclear picture of Fusarium mycotoxin levesin
UK wheet over arange of different seasons and will
alow powerful gatisticd anadyssof dl agronomicfac-
tors. Resultswill aid the ceredl industry to preparefor
EU legidation on the maximum permissble leves of
Fusarium mycotoxins in cered grains and products.
Resultswill aso be used to advise growers of “Good
Agriculturd Practicg’ to minimiseFusarium mycotoxin
levelsin UK wheat production.
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Table 1. Mycotoxin content of UK wheat from the 2001 harvest (283 samples).

Mycotoxin concentration (ppb)
%>10ppb  Mean  Median  90th%  95th% Max

DON 80 80 32 133 223 5175
NIV 80 34 23 71 97 428
HT2+T2 30 <20 <20 22 32 214
ZEAR 4.9 <5 <5 6 9 188

Table 2. Mycotoxin content of UK wheat from the 2002 harvest (343 samples).

Mycotoxin concentration (ppb)
%>10ppb  Mean Median  90th% 95th% Max

DON 78 116 30 211 470 3065
NIV 55 21 11 46 68 430
HT2+T2 16 <20 <20 <20 22 75
ZEAR 17 10.6 <5 19 38 707

Table 3. Mycotoxin content of UK wheat from the 2003 harvest (328 samples).
Mycotoxin concentration (ppb)

%>10ppb Mean Median 90th%  95th% Max

DON 89 218 38 346 594 10626
NIV 82 34 22 77 106 237
HT2+T2 69 22 18 44 55 199
ZEAR 13 7 <5 14 28 209

Means are based on an imputation of 1.67 (0.83 for zearalenone) for all samples below
the limit of quantification (10 ppb; 5 ppb for zearalenone).
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ABSTRACT

Commercid durum whest varieties do not sgnificantly differ for their leve of resstance to Fusarium Heed
Blight (FBH). However, this does not exclude different senstivitiesto trichothecenes B (TCTB) accumulation.
In additionto FBH resstance, savera mechanismsmay influencethe TCTB content of kerndl such asdegrada
tion/conjugation of TCTB or occurrence of compounds inhibiting the toxinogenesis.

The am of the present work was to investigate the eventual occurrence of different sengtivities to TCTB
contamination among a collection of durum wheet lines derived from crossesinvolving dicoccoides, dicoccum
or polonicum accessonswith high yielding durum varietiesand to identify the factorsinvolved inthisvaridhility.
Fifteen cultivars were inoculated at anthesis by aNivaenol (NIV) producing Fusarium strain. Ergosterol and
TCTB amountswere quantified on the harvested kernd's. The TCTB contamination rates (measured as TCTB/
ergosterol ratios) showed gresat variations depending on the considered genotype. Some lines gppeared there-
fore as ableto limit TCTB biosynthess.

Two Fusarium culmorum strains, a Deoxynivalenol (DON) producing strain and aNIV one, wereinoculated
in vitro on kernels, bran and semolina from the Nefer durum wheset variety. If semolina resulted to be an
excdlent substrate for TCTB biosynthesis, bran induced a strong decrease in both DON and NIV yidds
compared to whole kernds. Moreover, in 30 days liquid cultures of both DON and NIV producing strains
supplemented with 0.05g.I* of bran, the TCTB amounts were 10 fold lower than in the control flasks, mean-
while the fungd growth was smilar in the different conditions. These results alowed us to conclude for the
occurrence of some biochemica compoundsinhibiting the TCTB biosynthesisin brans of Nefer durum whest.

In accordance with the literature data and the biochemica composition of bran fractions, these inhibitors could
be phenalic compounds, and more precisely some acid phenols. Thus, ten benzoic and cinnamic acidsincluding
ferulic and p-coumaric acids which are predominant in wheat bran, were added to liquid cultures of a DON
producing strain a concentrations which do not affect funga growth. Whatever the consdered phenolic acid,
higher TCTB amounts were obtained in the supplemented media Therefore, in our experimenta conditions,
phenalic acids were shown to activate TCTB production. Moreover, this efficiency of activation gppeared to
strongly depend upon the antioxydant potentia of the phenolic acid, the most antioxydant |leading to the highest
TCTB amount.

Our studies demondirated that the choice of durum whest genotype may influencethe TCTB accumuletion level
of the yielded kernels. The different sengtivities to TCTB contamination may be ascribed to the biochemica
composition of kernels. Brans were shown to contain TCTB biosynthesisinhibitors. Phenolic acids gppeared

401



Food Safety, Toxicology, and Utilization of Mycotoxin-contaminated Grain

asnot involved in thisinhibition. Further studiesare carried out in order to purify and identify the compounds of
durum wheet bran inhibiting toxinogenesis.

|Abbreviaions used: TCTB: trichothecene B; DON: deoxynivaenol; NIV: nivaenadl
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ABSTRACT

A smple and accurate method of quantifying the presence of Fusarium graminearum limits our ability to
understand disease epidemiology, develop control measures, or improve resistance via breeding or biotech-

nology. Breeding based upon visud scores of head blight incidence have greeter heritability than sdecting low
deoxynivaenol (DON), but visud scoring isnot easly standardized. Head blight scores (meanr = 0.21, std.
dev. =0.24) and DON (meanr = 0.46, std. dev. = 0.22) were poorly correlated among locationsin the 2003
NABSEN fiddtrids. Both visua scoring and DON andyss are time consuming, making neither amenable to
multiple analyssfor inter- or intra-experiment quaity control assessments. Thusabetter method of Fusarium
quantification is needed to measure head blight that can be used as quality assurance methods for end users.

An ELISA test for Fusarium in smdl grains and corn was developed. Experimental error associated with
visua scoring, DON analysis, and ELISA evauation of Fusarium presence was evaluated in three replicated
fidd experiments grown in Osnabrock, Langdon, and Cassdlton, ND. Each were visudly scored for FHB,
analyzed for DON by GC-EC, and anayzed for F. graminearum by species-specific indirect ELISA. Coef-
ficients of variation and a correlaion matrix were caculated for each response varidble. We obtained 89
samplesfrom grain eevatorsin North Dakotaand corrdated FHB, DON, and ELISA datawith one another.
In another study, we devel oped amethod to sequentidly extract DON and Fusarium antigensto quantify both
within individua seeds, thus diminating varigbility to sampling.

Mean coefficients of variahility for the ELISA vaueswerelower than FHB or DON inthefidd studies. Mean
correlation coefficientsamong the field experimentswere grester for ELISA vs. DON than for ELISA vs. FHB

or DON vs. FHB. Similarly, correlations coefficients between ELISA and DON were greater than ELISA vs.

FHB or DON vs. FHB for the grain eevator samples. Analysis of individua seeds for DON and ELISA did

not improve goodness of fit among samples. Thus, we grew 3 isolates of Fusarium graminearum in 4
different media with 10 replications. Mycdid growth was less on Shenk Hildebrandt medium than other

media, but other mediadid not differ from one ancther. Fusarium antigen per g of mycelium was not different

among mediaor isolates. DON was highly variable within each medium, ranging from 0 to 26 ppm. Subse-

quent to these studieswe have analyzed asmany as 1000 barley samples (in duplicate) in oneday usng ELISA
with an R = 0.97 for the repeated measures. Consistency, speed, and ease of analyses make ELISA a
superior method for quantifying F. graminearum.
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ABSTRACT

Zeardenone (ZEN) isanonsteroida estrogenic mycotoxin produced by numerous Fusarium speciesin pre- or
post-harvest cered grains, and causes severe reproductive problems on livestock. Previoudy, weisolated a
ZEN-detoxifying gene, zhd101, from afungus Clonostachys rosea (Takahashi-Ando et d., 2002). To reduce
the mycotoxin-contamination level in food and feed, this geneis expected to be useful in establishing areliable
detoxification system with geneticadly modified organisms.

We congructed a codon-optimized zhd101 gene for expression in yeast (Takahashi-Ando et d., in press),
which was recently reported to be gpplicable as alive vehicle for transgenic detoxification of toxic substances
(Blanquet et d., 2003). When thetransgenic yeast cdllswere added to the medium containing 2 ug/ml of ZEN,
thismycotoxin was completely diminated within 48h of incubation a 28°C. Weds0 generated severd transgenic
rice and maize usng an egfp::zhd101 fuson gene. Preliminary experiments with transgenic rice demondrated
invivo and in vitro detoxification of ZEN by calluses (Takahashi-Ando et d., 2004) and leaf extracts, respec-
tively. Transgenic maize dso showed ZEN detoxification activity. The ZEN-detoxification activity of these
tranggenic cered plants will be evauated by an atificid inoculaion assay using mycotoxigenic Fusarium
graminearum.
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MY COTOXINSAND CYTOTOXICITY OF FINNISH FUSARIUM-
STRAINS GROWN ON RICE CULTURES
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OBJECTIVES

To screen the mycotoxins produced by Finnish
Fusarium-gtrains in pure cultures grown on rice at
three different environmenta conditions, and to test
the cultures for cytotoxicity in a bioassay usng por-
cinekidney —cdlls.

INTRODUCTION

Severd speciesof Fusarium are capable of produc-
ing arange of mycotoxins. Generaly, the production
of mycotoxinsisavery complex and diverse process,
the details of which have not been totally understood,
dthough severd affecting factors have been recog-
nized (Hessdtine, 1976).

The type and amount of mycotoxin produced is de-
termined mainly by the fungus, substrate and environ-
menta conditions (Lacey, 1986). However, the dif-
ferent strains of the same species of fungi may differ
remarkably in their toxin production capability dueto
the genetic differences. This fact may partly, in addi-
tion to the environmental conditions applied, explain
the differences in the reported cases of Fusariunm-
species to produce specific mycotoxins.

Attention must be paid to the true identification of the
gpeciesaswd| asto the metabolites produced. Infact,
the current view isthat the metabolite profile of agtrain
isregarded as an important parameter in the systemic
taxonomics of a fungus supporting the genetic and
morphologica studies, thereby preventing possible
misdentifications. The modern chemica techniques,
e.g. mass spectrometry, engble the reliable determi-

nation of funga metabalites providing more detalled
data on the capabilities of the species to produce
specified mycotoxins. Inadditiontothechemicd andy-
ses, in vitro —studies with cdl cultures may provide
complementary data on the biologica properties of
mycotoxins.

An identification and undergtanding of the factors that
affect the mycotoxin production of fungi is crucid to
the success of preventive actions to minimize the ex-
posure of humans and animdls to these toxic com-
pounds.

MATERIALSAND METHODS

Hfteen different Fusarium-strains (Table 1.) wereiso-
lated from Finnish raw cerea samples harvested in
2001-2002 and identified by morphology and spe-
cies-specific primers (Jestoi et a., 2004a). Polished
rice (100 g) was autoclaved with 25 ml or 150 ml of
deionized water (corresponding to g -values 0.973
and 0.997, respectively) and inoculated with 10 ml of
Spore suspension obtained from pure cultures on po-
tato dextrose agar (PDA) —plates. The rice cultures
wereincubated (a, 0.997 at 15°C and 25°C; g, 0.973
at 25°C) for four weeks. After incubation, the cultures
were air-dried and ground with a laboratory-mill.

Theair-dried cultureswere andysed for trichothecenes
(deoxynivalenol — DON, fusarenon X — FX, 3-
acetyldeoxynivaenol —3-AcDON, diacetoxyscirpenol
—DAS, nivalenol —NIV, HT-2—toxin and T-2-toxin),
fusgpraliferin (FUS), beauvericin (BEA), enniatins
(ENN A, ENN A1, ENN B, ENN B1), moniliformin
(MON) and zearalenone (ZEN) (Jestoi et d., 2004a,b;
Eskolaet d., 2001) using gas chromatography—mass
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gpectrometry (GC-MS), liquid chromatography—tan-
dem mass spectrometry (LC-MSMS) or high-per-
formance liquid chromatography (HPLC) combined
with fluorescence detection.

Porcine kidney (PK15) —cells were exposed to rice
culture extracts and their cytotoxicity was assessed
using the damarBlue™ -assay (Nakayama, et 4.,
1997). In the assay, the metabolic activity of the ex-
posed cdlsresultsin achemicd reduction of thecolour
reagent (resazurin a resorufin) and the absorbance of
the affected cdls isinversdy proportiond to their vi-
ability. Thus the absorbance can be used as an index
of cdl viability (O Brien et d., 2000). PK15 -cells
were exposed for 24 hours to filtered rice culture ex-
tracts (84 % acetonitrilein water), corresponding to 1
[g of culture, and cytotoxicity was caculated relativ

to the solvent control.

RESULTSAND DISCUSSI ON

All tested Finnish Fusariumestrains produced myc-
otoxins on rice media a the investigated culture con-
ditions(Table 1.). BEA was produced by both strains
of F. poae and F. sporotrichioides. Interegtingly, F.
avenaceunVF. arthrosporioides-, F. tricinctum- and
F. langsethiae -strains did not produce BEA. Espe-
ciadly type-B ENNs were produced by one strain of
F. poae and all strains of F. avenaceum/F.
arthrosporioidesand F. tricinctum. MON was pro-
duced by dl F. avenaceunvF. arthrosporioides- and
F. tricinctum-strains.

DON and 3AcDON were produced by F. culmorum
and F. graminearum. FX was produced by only one
F. poae —gtrain (p53). High concentrations of DAS
were produced by F. langsethiae, but dso in one
culture of F. poae (p53) and in two cultures of F.
sporotrichioides remarkable amounts of DAS could
be detected. NIV was produced by dl F. poae-, F.
gporotrichioides- and F. langsethiae -strains. F.
culmorum and F. graminearum produced only small
amountsof NIV, suggesting that Finnish strainsbelong
to chemotype 1A, producing particulally DON and
3AcDON. HT-2 and T-2 were produced mainly by
F. sporotrichioides and F. langsethiae. Sgnificant
production of ZEN was observed in the cultures of F.

culmorumand F. graminearum. Smaller amounts of
ZEN were dso detected in one F. tricinctum- and F.
langsethiae -cultures. FUS was not produced by any
of the Finnish Fusarium-strains tested.

The capabilities of the Finnish Fusarium-strains to
produce mycotoxinswere generdly in accordancewith
the available literature (e.g. Bottalico, 1997). Traces
of specified mycotoxins were, however, detected in
severd cultures(Table 1.). Thesefindingsmay bedue
to the contamination of the rice mairix used, rather
than the toxins being produced by these Srains, asthe
levelsdetected were clearly lower thanthe levelsmea:
sured in cultures of recognised producers. Neverthe-
less, itispossblethat very smdl amounts of mycotox-
ins can be produced a so by other species than those
earlier reported.

Environmental conditions had a tremendous effect on
the production of some mycotoxins on the Finnish
drains examined, as for some mycaotoxins only minor
changes in the production rates could be observed
(Table 1.). For instance, the mycotoxin production of
F. poae p57 was mainly favoured by high tempera-
ture and high water activity (g, ). F. culmorum p241,
ingtead, produced higher amounts of mycotoxins at
lower g, or temperature (Figure 1.). Based on the
data collected, it can be concluded that environmental
(stress) factors may affect the nature and the amount
of mycotoxinsproduced. Thisconclusonisinlinewith
other published studies (e.g. Fandli et d., 2003). To
better understand the influence of different tempera:
ture/water activity-combinationson Fnnish Fusarium-
strains more studies are needed.

The metabolite profiles of F. poae p57 and F.
culmorum p241 at three different environmenta con-
ditions, y-axis. mycotoxin produced (log pg/kg), x-
axis. determined mycotoxins.

The cytatoxiaity of Finnish Fusariume-strains grown
on rice cultures was sgnificantly (p<0.05) correlated
(Spearman Rank Correlation) to the total mycotoxin
concentrations determined (Figure 2.). In terms of
single compounds, only DAS, HT-2 (main
producers F. sporotrichioides and F. langsethiae)
and NIV (main producer F. poae) correlated with
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the cytotoxicity observed, this being in line with the
findings of earlier sudies (Visconti et d., 1992,
Morrison et a., 2002a). Although F. culmorum was
reported to be more toxic than F. graminerumin
vitro (Morrison et d., 2002b), we could not confirm
that observation. However, more data on toxic
metabolites produced by Fusarium spp. is needed
before the cytotoxicity of the complex mycotoxin
mixtures can be resolved (Abbas et a., 1984).
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Figure 1. The metabolite profiles of F. poae p57 and F. culmorum p241 at three different
environmental conditions, y-axis: mycotoxin produced (log pg/kg), x-axis: determined
mycotoxins.
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Figure 2. The cytotoxicity of Finnish Fusarium —strains (1 pg culture/2 x 10* cells) grown on rice
medium at different environmental conditions. x-axis: the strains studied and BEA and T-2
standards (positive controls); y-axis the percentage of the metabolic activity of the exposed porcine
kidney -cells compared with the extraction solvent (84 % acetonitrile in water).
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DETECTION AND QUANTIFICATION OF FUSARIUM
SPP. IN CEREAL SAMPLES
S.S. Klemsda™ and O. Elen
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" Corresponding Author: PH: (47) 64949400, Email: sonja.klemsdd @planteforsk.no

ABSTRACT

To screen cered samplesfor the presence of mycotoxin producing Fusarium spp. and to study theinteraction
between these fungi and their host plants, species-gpecific and highly sensitive detection methods are needed.
In this study, species-specific PCR-primers designed for the detection of F. poae, F. sporotrichioidesandthe
new species F. langsethiae are described. In cereal samples infections lower than 1% could be detected by
this PCR assay. Four additiona primers were devel oped to detect subgroups of F. poae representing the four
different ITS genotypes present in F. poae. The primer pair developed for the detection of F. langsethiae
could be used to distinguish between F. langsethiae and the morphologicaly smilar F. poae. The described
PCR assays are highly senditive and enable the detection of Fusarium genomic DNA in concentrations aslow
as5-50fg. Highlevelsof F. poae and/or F. langsethiae were detected in random field cered samplesbut only
low levels of F. sporotrichioides were found. To alow a quantitative detection of the species of Fusarium
producing the mycotoxins most frequently detected in samplesof smal grain ceredsin Norway, severd TagMan
redl-time PCR assays were developed. One assay alowed the detection and quantification of F. avenaceum.
Another TagMan assay was used for the quantification of the total amounts of F. langsethiae and F.
sporotrichioides. In Norway these Fusarium species are the two most important producers of the highly
toxic type A trichothecenes, T-2 and HT-2 toxins. To determine the total amount of trichothecene-producing
Fusarium (both type A and type B trichothecenes) a TagMan assay based on the Tri5 gene of thetrichothecene
gynthes's pathway was devel oped. The possible correl ation between the amount of Fusarium DNA detected
by these assays and corresponding mycotoxin content found in cereal samples will be discussed.
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EVALUATION OF OZONE AND HY DROGEN PEROXIDE TREATMENTS
FOR PREVENTING THE POST-HARVEST FUSARIUM
INFECTION IN MALTING BARLEY
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ABSTRACT

Utilization of Fusarium infected barley for mating may lead to mycotoxin production and decreased malt

quaity. Methodsfor trestment of Fusarium infected barley may prevent these safety and quadity defectsand

alow use of otherwise good qudity barley. Gaseous ozone and hydrogen peroxide were evauated for effec-

tivenessin reducing Fusarium infection (F1) while maintaining germinative energy (GE) in two barley samples
(sound and infected). Gaseous ozone treatments (GOT) included concentrations of 11 and 26 mg/g for 0, 15,

30, and 60 minutes. Hydrogen peroxide (HP) treatments included O, 5, 10, and 15% concentrations with
exposure times of 0, 5, 10, 15, 20, and 30 minutes. For GOT, in naturdly Fusariuntinfected barley, a
datisticaly sgnificant (P<0.05) decrease of 24-36% in FI occurred within 15 minutes of exposure at either
concentration. GE was significantly (P<0.05) affected (11-20%) by 30 minutes at both concentrations in
naturaly Fusariuminfected barley but not in sound barley. For HP, Fl was significantly decreased (50-98%)

within 5 minutes of exposure. With the exception of two treatments (10% and 15% HP agitated for 20
minutes) GE was not datidicaly sgnificantly different from the control in naturaly Fusarium infected barley.

In sound barley, HP had no significant (P>0.05) effect on GE. Theresults suggest that GOT and HP may have

potentid for treetment of Fusarium infected mating berley.
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CAFFEINE ASINTERNAL STANDARD FOR HIGH PRESSURE
LIQUID CHROMATOGRAPHY ANALY SIS OF
DEOXYNIVALENOL IN WHEAT SAMPLES
C.A. Landgren, P.A. Murphy and S. Hendrich’

Food Science and Human Nutrition, lowa State University, Ames, 1A 50011, USA
"Corresponding Author: PH: (515) 294-8059; E-mail: shendric@iastate.edu

ABSTRACT

A method was developed to utilize caffeine as an internd standard for analytical detection of deoxynivaenol
(DON) inwhest samplesusing high pressureliquid chromatography (HPL C) with ultraviolet detection. Ground
wheat samples (25 g) were extracted with 100 mL agueous acetonitrile (84:16) and spiked with 30 ug caffeine
(CAF) disolved in extraction solvent. Samples were blended for 3 minutes at high speed then a5 mL diquot
passed through an aumina-charcoa column for clean-up. The resulting extract was evaporated in a 50°C
water bath under nitrogen. The resdue was dissolved in agueous methanol (20%) and microfiltered into
autosampler vias. Anaytes were separated with linear agueous methanol solvent gradient (85:15 ramping to
80:20 over 20 min, flow rate 0.7 mL/min) with UV detection at 220 nm. Retention times for DON and CAF
were gpproximately 9.0 min and 16.0 minutes, respectively. Fungd culture materid (124 ppm) was added to
commercia wheat flour (no detectable DON) to achieve mean DON concentrations of 0.26, 0.51, 1.99, and
5.96 ppm. Three replicates of each concentration were analyzed in one day and repeated four different days.
Aninternd standard curve was developed plotting sample concentration againgt area response retios (DON/
CAF). The correlation coefficient (r) was 0.985 across days and there was no significant difference between
or among days of andyss. Recovery andysis of spiked samplesat 1.00 ppm was 100% in thissystlem. This
method will dlow andysis of samples using an eadly accessible, stable, and inexpensive compound thet is not
likely to be found in most food samples of interest.
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POSSIBLE WAY S TO UTILIZE MYCOTOXIN CONTAMINATED GRAIN
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ABSTRACT

Thereisastrong tendency that for securing food and feed safety requirements, more and more countries will
St up limit vaues for toxin contamination. Industry gpplied until now toxin limits. When toxin limits will be
officaly introduced, millions of tons of grain can be qudified as dangerous waste materid. In this case the
farmerswill bear dl risksand they should pay for everything even they are not fully responsblefor the damage.
The socid consequences are now clear in the Red River Vdley and dsawhere (McMullen 2003). For this
reason economic utilization(s) of the contaminated grain must be found. Without this a well working system
cannot be developed.

The food and feed indudtry is excluded, therefore other industrid uses remain. Now three possibilities have
greater chances:

a Direct energy production. Whest grains have energy content comparableto middlequdity cod (Ruckenbauer

and Reichart 1994). When a cod price would be paid for the contaminated grain and some additional sum
would be pad it would lessen the financid damage and could help farmers to survive. For this economists
should count out, whether movable plants should be built and positioned into the given area for a while or
existing eectric plants can accept it. It should be decided whether hesat or ectricity is more economic. The
use of straw may increase the profitability when not used otherwise.

b. Usage for gasoline production. The European Union plansthat it will use the agriculturd and forest waste
materids for fud production as renewable energy sources. With the present oil prices above 50 USD thisis
economic now. The EU will replace 30-40 % of the diesel fuel by this new resource within ten years. For this
regiond plantswill be built with a capacity of 480 t fud/day capacity. Thefirst Sundiesd experimentd plant is
working now. It ssemsthat oil need grows exponentialy, but not the resources. The Middle East providesa
number of risk factors for the world economy. The gasoline production of this art can lessen the tension.

c. Alcohol production for industrid use or asfudl. The problem isthelarge amount of waste materid that isaso
toxin contaminated. Drying and burning could be a solution, the question:  profitability.

d. Other indugtrid uses. From thereisno specid information, but their need isnot in range of million tons, but
may hdlp.

We are convinced that the economic utilization of the toxin contaminated grain can be agood businessfor the
farmers who cannot sdll their contaminated grains now. For this reason nationa and internationd efforts are
needed to find solutions that help producers and utilize products that are not marketable now. Thiswould dso
Sabilize commodity prices.
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ABSTRACT

For more than a decade Fusarium Head Blight (FHB) hasresulted in large portions of the upper mid-west Six-

rowed barley crop being rgected for mdting due to levds of the toxin deoxynivaenol (DON) in the grain
exceeding 0.5 ppm. Currently, screening for disease resstance involves a combination of visua scoring of
disease symptomsand DON analysis. The Barley Pathology and 6-rowed Barley breeding program at NDSU
undertake more than 5,500 DON analyses each year and to reduce costs and time a so do more than 45,000
visua scoreson barley heads, yet it isnot clear that visual scores are agood predictor of DON. Recently aF.

graminear um species-oecificindirect ELISA technigque has been deve oped that can quantify funga biomass
of Fusarium sp.. Our objectives were twofold, 1) to investigate the relationship between FHB visua score,
DON and the Fusarium ELISA, and 2) to determine the impact on tota spike DON by kernels with differing
visud scores. Visua scoring was done a hard dough stage of development on seven cultivars grown in differ-

ent environmentsin North Dakotain 2003. Individua kerneswith characteristic dark brown lesions occupy-

ing > 25% of the kernel were scored and determined as a percentage of the total number of kernels on the
head. Heads were dissected and kerndls separated into those displaying FHB symptoms on >25% of the
kernel, 1-25% of the kernds, or no symptoms. Single kernelswere used for ELISA and DON anadysis. For
ELISA, antigens were extracted from whole seed, diluted in coating buffer and coated onto microtiter plates
followed by indirect ELISA usng monoclona antibodies. DON in the single kernd barley samples was
determined by gas chromatography with electron capture detection. \When regressions were done between
FHB and DON, R vaues differed widely between cultivars and environments, but when pooled, gave a
R?=0.39. The R? vauesfor ELISA and DON dso differed widdly between cultivars and environments, but

when pooled, gaveaR?=0.73. When separated into different symptom classes, the R? vauesfor both ELISA
and DON or FHB and DON were greatest for the kernel's showing >25% symptoms and very low for kernels
showing 1-25% or zero symptoms. Kerndls showing >25% symptoms had the highest average DON levels
with individua kernels up to 700 ppm. However, 70/205 of these kerndls tested zero for DON. Of kerndls
showing 1-25% lesion coverage, 140/205 tested zero for DON and the remainder between 1-65 ppm with
one kernel 488 ppm. Of asymptomatic kernels, 173/215 tested zero for DON and the remainder tested 1-4
ppm. Itisclear that the kernels showing zero or 1-25% lesion coverage are making asmall contribution to the
DON level and that some visud symptoms are not associated with DON accumulation.
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ABSTRACT

During head blight of wheet and barley, deoxynivaenol (DON or “vomitoxin™) and other trichothecene myc-
otoxins are elaborated that can potentidly cause adverse hedth effectsin individual swho consumethe infected
grain. Although DON isregulated in the U.S. a 1 ppm in finished food, the European Economic Union and
Codex Alimenterius have proposed much lower limits for consumption based on rodent sudies. A further
concern is that although agriculturd workers are exposed to airborne DON during harvest, threshing and
milling of infected wheet and barley, virtudly nothing is known about the adverse effects of inhding this toxin.
Invitro studies suggest that the keys steps for DON toxicity are induction of stress sgnding and cytokine
expression in white blood cellswhich ultimately can mediate acute and chronicillness. We have used multipa-
rameter flow cytometric andyssto measurethe sengtivity of human whiteblood cdllsto induction of cytokines
by DON. Inassessng blood from 8 individuals, somewerefound to be much more sengtiveto DON'’ seffects
than others. Theminima threshold for induction of IL-1 beta, IL-6 and IL-8 was 100 ng/ml. Activation of the
mitogen-activated protein kinase p38 was found to precede and be a requisite for inducing I1L-1 beta, 1L-6
and IL-8 with the minimum threshold for activation being 25 ng/ml. These are critica observations because
they suggest: (1)p38 activation is a biomarker for DON toxicity and for which humans are 4-fold more
sengtive than mice, (2) higher concentrations are needed for cytokine induction and (3) some people may be
resstant to DON whereas others are sengitive perhaps due to genetic and non-genetic factors (eg.prior/
ongoing infections, diet, medication). To accurately measure the hazardous potentia of trichothecene to hu-
mans, it isessentid to relate thesein vitro studies to threshold dose, duration of exposure, exposure route, and
magnitude of toxic effectsin themouse modd. The resultant data can be used by the regulatory agenciesand
the wheat and barley industries for improved accurate, safety assessments relative to consumption of grain
products and inhdation of grain dugt.
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ABSTRACT

Fusarium species are potentia mycotoxin producersin ceredls. In near future EU isgoing to set the maximum
limit vaues for some Fusarium toxins in unprocessed ceredls and cered products. Mycotoxin analyses are
expensve and time-consuming. Hence, a rgpid and rdiable quantification method for toxigenic Fusarium
species is needed for evauation of the mycotoxin risk in cered-based industry. We have gpplied red-time
PCR techniquefor the quantification of trichothecene-producing Fusarium species present in barley and malt
samples (the TMTRI assay, S. Klemsdal unpubl. sequences). PCR results were compared to the amount of
trichothecenes in the samples. Furthermore, highly toxigenic Fusariumgraminearum was quantified in cere-
asby red-timePCR (the TMFg12 assay, T. Yli-Mattilaunpubl. sequences). DNA was extracted from ground
kernds (0.1 g) using FassDNA Spin Kit for Soil and andysed in a LightCyclerO system using fluorigenic
TagMan probes. Both naturdly and artificidly contaminated grainswere andysed. The TMTRI assay and the
TMFg12 assay enabled the quantification of trichothecene-producing Fusarium species and F. graminearum
present in barley and malt samples, respectively. Both TagMan assays were regarded as sendtive and repro-
ducible. Linearity of the assayswas at least 3-4 log units when determined using pure Fusarium DNA. The
amount of Fusarium DNA analysed with the TM TRI-trichothecene assay correlated with the DON content in
Finnish barley samples. The TMFg12 assay for F. graminearum gave a good estimation about the DON
content in North American barley and mat samples. The amounts of DON and F. graminearum in Fnnish
barley were found to be naturdly low.
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ABSTRACT

In a yeast cDNA library screen intended to identify genes mediating increased DON resistance when
overexpressed, we found the yeast CYSA gene. CYSA encodes cystathionine beta-synthase, which synthesizes
cysathionine, the immediate precursor of L-cysteine. Cysteine is required for the two-step synthesis of glu-

tathione (GSH) mediated by the GSH1 and GSH2 gene products. Since many toxins are known to be detoxi-

fied by GSH conjugation, we speculated about a possible role of GSH in DON detoxification by yeast. Y east
has a specific GSH uptake trangporter, we therefore tested whether exogenous GSH protects yeast against
DON toxicity. Exogenous GSH indeed increased resistance against DON and 3-Acetyl-DON (3-ADON),
but not againgt the closely related trichothecenes nivalenol (N1V), trichothecin (TTC) and 15-Acetyl-DON

(15-ADON). Using LC-MSMS, clear evidence for formation of a previoudy unknown DON-glutathione
conjugate was obtained. Effortsto prepare larger amounts of this conjugate in order to characterizeits chemi-

cd gructure (by NMR) and biological properties (using awheat germ in vitro trandation assay) are currently
under way. In order to find out which enzyme is responsible for conjugate formation we have performed a
systemnatic gene knock-out approach (gene disruption of al putative yeast glutathione-S-transferases (GSTY9)).

We identified one gene, where inactivation leads to increased sengtivity against DON. D eting this candidate
gene aso increased sendtivity againgt 3-ADON and CDNB, the latter is a widely used test subgtrate for
GSTs. We have generated overexpresson constructs (with and without a c-MYC-6xHis-tag for affinity
pruification). Isolation and biochemical characterisation of the protein encoded by this candidate geneis cur-

rently under way. In an attempt to identify Arabidopsis GSTs capable of DON-GSH conjugate formation,

severa DON-induced Arabidopsis GST genes where tested. The candidate Arabidopsis cDNAs where
cloned into ayeast expression vector and tested for their ability to increase DON resistance in yeast. Unfortu-

nately this gpproach was so far not successful.
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ABSTRACT

A novel Fusarium metabolitewith ahydrocarbon-like basic structure was purified from the methanolic extract
from the rice culture of aF. avenaceum strain, which had been isolated from Norwegian grain. The metabolite
was discovered by bio-assay guided fractionation of culture extracts and was cytotoxic againg the porcine
kidney epithelid cdl line PK-15. Other Fusarium spp. that were found to produce the compound in rice
culture indlude F. tricinctum, F. langsethiae and F. poae. The results from the sructure ducidation using
NMR- and mass spectroscopy will be presented.
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ABSTRACT

Regulations for mycotoxins have been established in food and animd feed in many countries snce the late
1960s to protect the consumer from the harmful affects that mycotoxins may cause. Various factors influence
the decision-making process of setting limitsfor mycotoxins. Theseinclude scientific factors such as dataabout
effects on man and animds, the level of human exposure, aswell asthe availability of methods of sampling and
andysis. Economical factors such as commercid interests and sufficiency of food supply have their impact as
well. Over thelast 2 decades variousinternationd inquiries on worldwide limitsand regulationsfor mycotoxins
were published. The latest completed inquiry resulted in the publication “Worldwide regul ations for mycotox-
insinfood and feed in 2003 (FAO Food and Nutrition Paper 81, 2004). On aworldwidebasis, approximately
100 countries had mycotoxin regulations or guiddine limits for food and/or feed in 2003, an increase of
approx. 30 % as compared to 1995. Thetota population in these countries represents approx. 90 % of the
world' sinhabitants. Fusarium mycotoxins for which (proposed) limits and regulations existed in 2003 include
deoxynivalenol, diacetoxyscirpenol, the fumonisins B, B, and B,, HT-2 toxin, T-2 toxin and zearaenone.
Deoxynivaenal, zearaenone and fumonisins were among the most regulated. At least 41 countries have st
regulatory or guiddine limits for deoxynivaenal infood or feed. Whereas in 1995 this trichothecene was only
sporadicaly regulated, it has become atoxin of high concern in monitoring programmes and amongst regula-
tory authorities snce the late 1990’ s when mg/kg concentrations were reported to occur in cereds and cered
products, particularly in Europe. Tolerance levelsfor deoxynivaenol in whest (flour) range from 300-2000 ny/
kg, with a peak a 750 ng/kg. The latter is dominated by the countries of the EU, where this (unofficid)
guiddinetoleranceleve isgpplied Snce severd yearsfor deoxynivaenal inflour used asrav maerid. Zesrdenone
isnow regulated in food and feed in 28 countries as compared to 6 in 1995. Limitsfor thistoxin in maize and
other cereds currently vary from 50 to 1000 ng/kg with more of thetolerance levelsset at the higher end of this
range than at the lower end. Whereasin 1995 fumonisins were only subject of regulationsin one country, this
number has now increased to 6, with limits for maize ranging from 1000-3000 ny/kg. Although proportionaly
avery sgnificant increase, the number of fumonisins-regulating countriesistoo smdl to draw meaningful con-
clusions about generdly agreed limits. Comparing the Situations in 1995 and 2003, regulations for Fusarium
mycotoxins have increased, and they have become more diverse and detailed with newer requirements re-
garding officid procedures for sampling and analytica methodology. These developments reflect the genera
concerns that governments have regarding the potential effects of Fusarium mycotoxins on the hedth of
humans and animals.
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ABSTRACT

The effect of three harvesting times (75, 50, and 25% milkline) on theincidence of kernelborne Fusarium spp.
was examined using four silage corn hybrids (Maizex Leafy 4, NK Enerfeast 1, Pioneer 37M81, and TMF94)
in Ottawa, Ontario in 2001 and 2002. Eleven Fusarium spp. were isolated over the two years. Fusarium
subglutinans (Wollenw. & Reinking) Nelson, Toussoun & Marasas was the dominant pecies recovered from
28.8% of thekernels. Other frequently isolated specieswereF. oxysporum Schlecht. (2.6%), F. graminearum
Schwabe (2.5%), F. proliferatum (Matsushima) Nirenb. (0.3%), and F. sporotrichioides Sherb. (0.2%).
The remaining Sx species, F. avenaceum (Fr.) Sacc., F. crookwellense Burgess, Nelson, & Toussoun, F.
culmorum (W.G. Sm.) Sacc., F. equiseti (Corda) Sacc., F. poae (Peck) Wollenw., and F. solani (Mart.)
Sacc., were recovered from < 0.1% of thekernels. Theincidences of F. subglutinansincreased from 20.9to
26.7, and to 38.7%; F. graminearum from 1.7 to 2.9, and to 3.1%; and, total Fusarium spp. from 28.7 to
32.2, and to 42.3%, when harvested at 75, 50, and 25% milkline, respectively. The incidences of the other
gpecies and deoxynivaenol (DON) levelsin kernds were not affected by harvesting time. Of the four sllage
corn hybrids, TMF94 had significantly grester incidence of Fusarium spp. and DON concentration than the
others, indicating a genotypic variation in resstance to kernelborne Fusarium spp.

421



Food Safety, Toxicology, and Utilization of Mycotoxin-contaminated Grain

REAL-TIME PCR DETECTION AND QUANTIFICATION OF
FUSARIUM POAE AS COMPARED TO MY COTOXIN
PRODUCTION IN GRAINSIN FINLAND
T.Yli-Mattila", S. Paavanen-Huhtal&', P. Parikka?, V. Hietaniemi?,
M. Jestoi* and A. Rizzo*

1L ab. of Plant Phys. and Moal. Bial., Dept of Biology, Univ. of Turku, FIN-20014 Turku, Finland; 2Plant
Production Research/Plant Protection, MTT Agrifood Research Finland, FIN-31600 Jokioinen, Finland; SMTT
Chemistry Laboratory, MTT Agrifood; Research Finland, FIN.31600 Jokioinen, Finland; and “National
Veterinary and Food Research Ingtitute (EELA), Department of Chemistry, FIN-00581 Helsinki, Finland
*Corresponding Author: PH: 358-2-3336587; E-mail: tymat@uitu.fi

OBJECTIVES

To develop a fluorogenic (TagMan) red-time poly-
merase chain reaction (PCR) -assay for species-spe-
cific detection of F. poae in barley, wheat and oats
based on species-specific differences in intergenic
spacer region (IGS) sequences.

INTRODUCTION

Species-specific primersbased on | GS sequencesfor
end-point PCR have been devel oped (Konstantinova
and Yli-Mattila, 2004), and in thisstudy these primers
were tested together with DyNAmo SY BR Green kit
(Finnzymes) and rox dye. In addition, TagMan prim-
ers and probe were designed for the same DNA re-
gion and the correlation between F. poae DNA and
mycotoxins in grain samples was studied.

The mycotoxins produced by F. poae include eg.
diacetoxyscirpenol (DAS), monoacetoxycirpenols
(MAYS), scirpentriol (SCR), nivalenol (NIV) and
fusarenon-X (FX) (Pettersson 1991, Liu et d., 1998,
Torp and Langseth 1999, Thrane et d., 2004). The
reports of F. poae isolates to produce type-A
trichothecenes (HT-2 —toxin, T-2 —toxin and
neosolaniol) are contradictory (Torp and Langseth,
1999, Abramson et a., 1994, Sugiura et a., 1993).
These varidble findings may, however, be due to the
misdentification of F. langsethiae isolates, which are
morphologicdly smilar to F. poae (Yli-Mattilaet d.,
20044). According to our results (Jestoi et a., 2004)
Fnnish F. poae isolates produce beauvericin (BEA)

and enniatins (ENNS) in addition to DAS, NIV and
FX.

MATERIALSAND METHODS

Grain samples- Thepecificity of the TagMan prim-
ers and probe were studied usng DNA from eight
Fusarium species (Yli-Mattilaet d., unpublished re-
aults). Finnish grain samples (15 barley, 16 one oats
and 23 whest) harvested in 2002 and in 2003 were
used for the analyss (Yli-Mattila et a., 2004b, un-
published results). Some sampleswerefromfidd plots,
which were artificidly inoculated with the spores of
different Fusarium species (Jestoi et a., unpublished
results, Yli-Mattilaet d., unpublished results).

Molecular analyses- DNA wasextracted fromgran
samples according to the modified method of Taylor
et d. (2001). The fina volume of DNA extract from
10 g of grains was ca. 50 ulll and the total DN
concentration was usualy 1-10ng/ull Before PC
the DNA concentration wasdiluted to 1 ng/ullor th
results obtained were divided by the total DNA con-
centretion.

For isolation of genomic DNA, fungi were grown for
410 6 days at 24°C on potato dextrose agar (PDA)
plates. DNA was extracted with chloroform/octanol
method as described in Yli-Mattila et d. (2004ab).
In barley, DNA was a0 extracted from ground ker-
nels (c20-¢c25 and c27-¢28) using FastDNA Spin Kit
for Soil (Q-BIOgene, Sarlinet d., 2004, unpublished
results).
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DyNAmo SY BR Green kit (Finnzymes) with rox dye
was used for SYBR Green quantitative PCR in
GeneAmp 5700 cycler (PE Biosystems). Amplifica
tion for quantitative PCR was performed in 96-well
Optical Reaction Plates (ABgene) seded with Opti-
ca Adhesive Covers (ABgene) in a GeneAmp5700
sequence detector. The PCR program for SY BR Green
PCR consgsted of 2 min at 50°C, 10 min a 95°Cfal-
lowed by 40 cyclesof 15 sat 95°C and 60°s at 60°C
(Yli-Mattila et d., unpublished results). TagMan am-
plification reactions were performed in the
GeneAmp5700 sequence detector in 25 il containing
12.5 gl Absolute gPCR Rox master mix, 100 nM
TMpoaef and TMpoaer primers, 100 TMpoae
probe and DNA sample containing 1-6 ng DNA with
the standard PCR protocol. The probe was labelled
at the 5’ends with TET (tetrachloro-6-carboxy-fluo-
rescein) and at the 3’end with 3'Eclipse Dark
Quencher (Yli-Mattila et d., unpublished results).

To determine the sengtivity and range of the assay, 1
ng of genomic DNA from F. poae strain 02-65 was
seridly diluted by afactor 10 and used as atemplate.
The specificity of the primers was tested againgt ge-
nomic DNA of eight Fusarium species.

Mycological and toxin analyses - Fresh and dried
grain samples (200 seeds per sample) from the years
2002-2003 were used for the analysis of Fusarium
$op. The isolation and morphologicd identification of
the fungi took place as described in Yli-Mattila et d.
(2004b). With the samples of the year 2003
Fusarium-specific Peptone PCNB plates were used
(Nash and Snyder Medium modified by Nelson et d
1983). Mycotoxins (deoxynivaenal, FX, DAS, 3-
acetyldeoxynivaenol, NIV, HT-2, T-2, BEA, ENNs,
moniliformin) were andysed as described in Jestoi et
a. (2004).

Statistical analyses - R? (= square of regression co-
efficients), regression dope and P(a) (= sgnificance
of regresson dope) were caculated by the program
SigmaPlot 2001 verson 7.1 (SPSSInc). Theorigina
DNA and mycotoxin concentrationsweretransformed
to logarithmic vaues.

RESULTSAND DISCUSSION

TagMan reactions - The Poael GS'CNL 12 primer
pair displayed alinear range of at least two orders of
magnitude from 1035 to 10 pg/liwith pure DN
from F. poae isolates. In grain samples containing F.
poae DNA the F. poae specific peak and occasion-
dly dso an ungpecific pesk was found in the melting
curve, which made it difficult to esimate the exact
amount of F. poae specific DNA. On gd, only one
major specific PCR product (ca. 306 bp) was ob-
tained by the primer pair in the DNA samplesfrom F.
poae and grain sampleswas found, but the unspecific
products mede it difficult to estimate the amount of F.
poae-specific PCR product.

Primers and probe designed for F. poae successfully
amplified DNA extracted from pure culturesand from
grain samples. The primersand probe displayed alin-
ear range of a least four orders of magnitude with
pure DNA from F. poae isolates. The primers and
probe amplified DNA extracted only from F. poae
grains.

Correlation between molecular, morphological
and mycotoxin results - NIV and ENNs contami-
nation levesweregenerdly higher in 2002 thanin 2003.
A dgnificant correlation was found between F. poae
DNA and NIV (p<0.05) and ENNs (p<0.01) levels
in barley (Figure 1).

In wheat and oats the correlation was not as clesr,
which may be due to the lower levels of NIV and
ENNsfound. But aso in wheet higher F. poae DNA
levels were found in samples with high NIV levels,
especidly in 2002. No clear corrdation was found
between the levels of other mycotoxins and F. poae
DNA (Yli-Mattilaet d., 2004, unpublished results) in
grain samples, dthough BEA levels were dso some-
what higher inthefew sampleswith high F. poae DNA
levelsin 2002.

This study is one of firgt reports of fluorogenic PCR
detection assays for F. poae in grains (Wadwijk et
d., 2004). Artificid infection increased F. poae con-
tamination leve only in barley in 2003. In 2002 there

423



Food Safety, Toxicology, and Utilization of Mycotoxin-contaminated Grain

was a srong naturd infection in dl artificialy infected
barley samples. In 2003 the highest F. poae contami-
nation levels were found in odts.

SYBR Green red-time quantitative PCR was suitable
for esimating the amount of F. poae DNA in pure
cultures and it can adso be used for estimating the
amount of F. poae DNA from the meting curve ob-
tained from grain samples. However, more manua
cdculaions are required for the estimation and the
results were not as reproducible as in Tagman red-
time quantitative PCR. Also the correlation with toxin
levels was not good. Due to variable amounts of un-
gpecific PCR productsin SY BR green redltime quan-
titative PCR, it was difficult to get comparable and
reproducible results from the grain samples between
separate PCR runs.

According to the results of the present study Tagman
primers and probes designed are really specific for F.
poae. With other Fusarium speciesat least onethou-
sand times more DNA isrequired to get the threshold
vaue with a cycle number below 35. Thus, the prim-
ers and probe can be used for estimating the DNA
levelsof F. poae.

For mogt of the samples, therewasaclear correlaion
between F. poae DNA and NIV and ENNs contami-
nation levels. For some samples, however, the deter-
mined mycotoxin contamination levelswere high, even
though the DNA levelswere low. Thismay be dueto
a large number of smal colonies or low number of
bigger colonies on grains. The environmenta condi-
tionsinthefieds (Jestoi et d. 2004) may adso havean
influence on the type and amount of mycotoxin pro-
duced.

In 2002 one oats and seven barley samples having
high levels of NIV dso had high leves of F. poae
DNA. In wheat both F. poae DNA and NIV leves
were generaly lower. In 2003 both NIV and F. poae
gpecific DNA levelswerelower in barley than in 2002.

It is possible to use the F. poae DNA concentration
levels to diminate the grain samples containing high
amounts of NIV and ENNsin barley and oats. In the
combined barley samples of 2002-2003 the average

NIV leve in the seven samples containing the highest
levels (>2 x 10 ng/ng total DNA) of F. poae DNA
was 4100 Opgkg, whilein the rest of 29 samplesthe
average level was 77ug/kg. In the combined oats
samples of 2002-2003 the average NIV levd in the
five samples containing the highest levels (>10“ng/ng
total DNA) of F. poae DNA was ca. 190 pg/kg, while
intherest of 13 samplesthe average level was 85 gy

kg.

Alsoin Sweden F. poaeseemsto be the most impor-
tant NIV producer (Pettersson 1991), while strains of
other Fusarium species, such as F. culmorum, F.
graminearum (Bottalico et al. 2002), F.
sporotrichioides and F. langsethiae (Jestoi et d.,
2004) may aso be able to produce NIV. The ENNs
levels in the seven barley samples with the highest F.
poae DNA (>2 x 103ng/ng total DNA) was 10400

pg/kg, while in the rest of the 19 samples the aver-
ageleved was 320 [ g/kg. A corrdationwasdso found
between F. avenaceunVF. arthrosporioides DNA
and ENNs levelsin barley (Paavanen-Huhtda et d.,
2004, unpublished results). These results are in ac-
cordance with the results of Jestoi et al., (2004), ac-
cording to which some F. poae sdransareeffectivein
producing NIV and ENNSs.
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ABSTRACT

Weinvestigated the phenotypic expression of biomass, pigmentsand mycotoxins by Fusarium graminearum
as affected by strain type, subgtrate, and temperature. Twelve isolates known to have phenotypic and genetic
diversty were used for thisexperiment. Eachisolate of F. graminearumwasinoculated intriplicateinto 25 g
of 40% moisture content autoclaved white rice, hard red spring wheet, corn, and barley in haf pint canning
jars. Approximately 10¢ sporesin 1 ml were added to each jar. The cultures were incubated at 15°C, 25°C
and 35°C and 80% humidity for two weeks with 12 hr light cycle in an environmenta chamber. The fifth
substrate was wheat that was grown at 22-25°C with supplementa lighting in a greenhouse. The heads of
Grandin wheat, a moderatdly susceptible hard red spring variety, were sorayed with spore suspension of
Fusarium graminearum isolates at a concentration of 10,000 macroconidiaper ml until dripping at anthesis
dage. The samples were andyzed for deoxynivadenol (DON),15-acetyldeoxynivaenol (15Ac-DON), 3-
acetyldeoxynivaenol (3Ac-DON), nivalenol (NIV) and zeardenone (ZEN). Ergosterol was measured as an
edimate of fungal biomass. We found that al the Fusarium strains used in this experiment belonged to 15Ac-
DON chemotype, and ZEN normaly was produced dong with B trichothecene. The mycotoxin production
and theratio among DON, 15-AcDON and ZEN varied with Fusariumgraminearum strain type, substrate
and temperature.  Even though interactions among media, temperature and substrate existed, the following
trends were found. Rice was the best medium for mycotoxin production, followed by corn and whesgt, while
barley and greenhouse wheat were the worst mediafor mycotoxin production. The 15°C and 25°C promoted
mycotoxin production much more than 35°C did. And dso vishble mycdium growth and pigment production
were observed in the four grain cultures incubated at 15°C and 25°C, while at 35°C, sparse white mycelium
was observed in some samples of rice cultureonly. Ergogsterol contentsin sampleswerein agreement with the
observations mentioned above. Additiona detailed results and further discussion will be presented.
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Plant Pathology Department, North Dakota State University, Fargo, ND 58105, USA
"Corresponding Author: Phone: 701-231-6467; E-mail: Shaukat.ali @ndsu.nodak.edu

ABSTRACT

Epidemiology researchers based a PA, OH, IN, ND, and SD land grant universities are collaborating to
provide growers and agricultura industry with timely and reliable disease forecasts for Fusarium head blight
(FHB). Knowledge about sources of inoculum, inoculum levels, and weather conditions favorable for FHB
development is crucid in devisng a handy and reliable disease forecagter. The effect of inoculum levels was
studied in ND in 2003 and 2004. Two FHB susceptible hard red spring wheset cultivars, Oxen (an early
flowering cultivar) and Granite (alate flowering cultivar) were sown on May 1 and 10in 2003, and Argent hard
white soring whest (early flowering cultivar) and Granite were sown on April 30 and May 7in 2004, in afied
plot located at the NDSU Agricultural Experiment Station, Fargo. The previousyears cropsweredry beanin
2003 and crambe in 2004. Three inoculum leves (zero inoculum; low = 38g/n?; high =100g/n¥) were ap-
plied, usng G. zeaeinfested corn kernels, a the 6-lesf Sagein dl trestments. The experimenta design was split
plot, randomized complete block. Main plots were inoculum leves, sub-plots were planting date, and sub-
subplotswere cultivar. Strips, 30 ft wide, of Alsen whest (moderately resistant to FHB) were planted between
subplots and main plots, to serve as buffers. The strips of Alsen were free of inoculum. In both years, the G.
zeae population from each inoculum trestment was monitored daily from Feekes growth stage 8 (early flag lesf
emergence) to Feekes 11.2 (soft dough) for air sampling, and from Feekes stage 10 (boot stage) to Feekes
11.2 for head washings. One hundred-fifty wheat heads from each inoculum treatment were monitored 3x a
week for growth synchrony. The diseaseincidence (number of infected head/tota number of heads examined)
and head severity (% of individua infected head) datawere recorded in al treatments. FHB disease incidence
was sgnificantly different among the inoculum levelsin both years. The disease incidence rangewas5t0 9 %
in 2003 and 19 to 40 % in 2004. The mgority (>95%) of the plants began and ended flowering in 4-5 dayson
both planting dates and in dl four flowering dates. In both years, high inoculum leves generdly resulted in
increased number of G. zeae colony units (CFU) recovered from both head washings and air sampling. The
resultsindicate that, under favorable weather for FHB, inoculum levels of G. zeae may haveadgnificant rolein
disease devel opment. Also, thefungus hasasmall window of opportunity to infect wheat heads, asthe mgority
of the plants completed flowering, a crucid stage for infection, in 4 to 5 days. It gppears that incorporating
information about loca sources and leves of pathogen inoculum may increase disease forecasting mode
performance.
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OBJECTIVES

To develop aconceptud modd for thedynamic smu-
lation of thelife cycdle of Fusarium

verticillioides in maize and the consequent
production of fumonisin B, in kernels.

INTRODUCTION

F. verticillioides is the fungus most frequently iso-
lated from maize; it is associated with disease at dll
stages of plant development, infecting roots, stalk and
kernels, but it is dso present in symptomless maize
plants. In association with F. proliferatum and F.
subglutinans thisfungus causes pink fusariosspreva
lent in the dry and warm climates of southern Europe
(Logrieco et al., 2002). Yidd losses caused by this
disease are not relevant, but fumonisin production,
manly fumonisn B, (FB,), ingrainsbefore harvesting,
was documented under many environmental condi-
tionsand simulated theinterest in this disease (Shelby
et al., 1994; Visconti et al., 1994; Bottdico et al.,
1995; Dokoet al ., 1995; Chulzeet al ., 1996; Kedera
et al., 1999; Ors et al., 2000; Reid et al., 2000).

The F. verticillioides-maize pathosystem iscomplex,
and the relative importance of its components is il
under debate (Munkvold and Degardins, 1997).

In a previous work, information from literature and
from gpecific experiments was used to eaborate a
conceptua modd for smulating F. verticillioides in-
fection in maize and FB, production in kernels
(Battilani et d., 2003). Theinformation onthelifecyde
of F. verticillioidesin mazewasorganizedinarea
tiond diagram according to the principles of “systems
andyss’ (Leffdaar and Ferrari, 1989). The same ap-

proach had been previoudy followed when a modd
smulating Fusarium head blight on wheet, and the
accumulation of deoxynivaenol and zearad enone, was
successfully elaborated (Ross et a., 2003a, 2003b).

To produce an operative model, some aspects of the
disease cycle have to be further investigated.

A weak point of the modd regards the dynamic of
inoculum during the season. Theeffect of water activ-
ity (a,) and time of incubation have been investigated,
while the role of temperature (T) is not sufficiently
known, aswell asthe effect of a, fluctuationson maize
residues during the season. Information on spore dis-
persa should also be increased; particularly, more
detailed data on the relative importance of wind- and
plash-dispersa under fied conditions, and on envi-
ronmental conditions favouring peaks of dispersed

conidia, are necessary.

Regarding FB,, it isknown that its synthesis depends
on T and on the chemical composition of subgtrate.
Warfield and Gilchrist (1999) showed that the FB,
production was stronglly affected by theripening stage
of kernds. no measurable production occurred until
15 days after silking at 25°C, then FB, increased ex-
ponentialy until the dent stage (35-40 days). These
dataareof great interest but they should be confirmed
in different epidemiologica conditions.

MATERIALSAND METHODS

Therelational diagram - The rdationd diagram of
the pathosystemisshownin Fig. 1, following the steps
of disease cycle. State variables are defined as the
datus of the pathogen at a given moment, and aflow
from one date variable to another is determined. Rate
variables are defined astherate of change of the state
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variables in time as a function of some driving vari-
ables, which are congtants or parameters influencing
the rate variables. Wherever possble, rates are ex-
pressed asmathematica equationsaccounting for their
relaionship with influencing meteorologica or host
parameters.

SPO — Sporulation rate

In vitro experiments - role of temperature and incu-

RESULTSAND DISCUSSION
SPO — Sporulation rate

In vitro experiments - role of temperature and incu-
bationtime: F. verticillioides produced microconidia
in dl the conditions tested, with a peek after 12 days
of incubation a 30°C (Fig. 2).

Infidd experiments- role of environmenta conditions,

bation time - Petri disheswith a semolina based me-
diumwereinoculated with F. verticillioidesand main-
tained at different temperatures, between 5 and 45°C,
for 7 different incubation times, between 3 and 41 days.
Spore concentration was measured by an
hematocytometer at the end of each incubation time.

Infield experiments - role of environmenta conditions
- Pieces of maize saks, previoudy inoculated with F.
verticillioides and incubated under optima conditions
for sporulation, were placed in an experimenta fieldin
wire boxes between maize rows a flowering, in the
years 2003 and 2004. Stalks were sampled at 3-day
intervals for about one month and spores per weight
unit of stalk were counted.

DIS—Dispersal rate- To study dispersa and depo-
gtion of F. verticillioides inoculum, Petri disheswith
a selective medium were exposed for 30 days at the
eax levd in the experimentd fidds previoudy cited, in
the years 2003 and 2004. Dishes were exposed to
natura sporedeposition for 24 hours, afterwards, they
were incubated a 30°C, 100% reative humidity, and
the number of F. verticillioides colonies were identi-
fied and counted. Some disheswere changed every 3
hours to determine the diurnal pattern of spore depo-
gtion.

TOX —Toxin production rate - Primary earswere
collected in 2002 and 2003 at different development
stages, included between 2 and 52 days after pollina
tion. They were milled and the semolina obtained was
used to prepare media to be inoculated with F.
verticillioides. Fungal growth and FB1 production
were measured respectively after 7 and 14 days of
incubation at 30°C.

The 2 years conddered were sgnificantly different in
meteorologica conditions. Mean temperature was
27°C and 24°C, while summeation of rainwas 3.1 and
60 mm, respectively in 2003 and 2004.

Nevertheless, abundant microconidiawere produced
on infected debris during the whole period of expos-
tion under field conditions, in both the years consd-
ered,. Data suggest that conidia are abundantly pro-
duced on infected debrisin awide range of ecologica
conditions that take place in maize crops.

DIS — Dispersal rate - F. verticillioides inoculum
wasdeposited on Petri dishesexposed at theear height
under different environmenta conditions, withamearked
diurnd periodicity showing the highest deposition dur-
ing the night.

Results from both sporulation and dispersal experi-
ments suggested that the inoculum for ear infection is
adways available within the maize canopy, being pro-
duced abundantly, dispersed and deposited in awide
range of conditions.

TOX —Toxin production rate - The growth stage of
ears influenced FB, production, while no effect was
noticed on funga growth. Therate of FB, production
increased on media prepared using kernds collected
up to 30-40 days after pollination, as shown by
Warfied and Gilchrigt (1999), wheresas it decreased
on kerndls collected a full ripening.
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Figure 1. — Relational diagram of a
dynamic model simulating the life cycle
of F. verticillioides on maize.

Legend: MIS = Mycelium Invading

‘___5_ Straw; HIT = Hyphae Invading Tassels;
SIS = Spores on Inoculum Sources,
""" W SDT = Spores Deposited on Tassels;
@*"‘D_ SDE = Spores Deposited on Ears; HIK
= Hyphae Infecting Kernels; HIS =
|_-DV! Hyphae Invading Stalks; MIK =
a7 Mycelium Invading Kernels; FPK =
—O— Fumonisin Production in Kernels, SPO
5 = Sporulation rate; DIS = Dispersa rate;
RH T-INF = Tassdl Infection rate; E-INF =

@ Ear Infection rate; INV = Invasion rate;
TOX =Toxin production rate; SD =
Splash Dispersal; WD = Wind
Dispersal; WI = Wound Infection; SI =
Silk Infection; GS = Growth Stage of
corn plant; T = air Temperature; RH =
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Figure 2. — Sporulation rate of F. verticillioides on a semolina based medium
under different temperature regimes.
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Figure 3 — Rate of fumonisin production on artificial media prepared with maize
ears collected on different days after pollination.FC
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ABSTRACT

Theinfection process of Fusarium culmorum and spread of fungd hyphae in the spike tissues were studied
by scanning and transmission eectron microscopy after sngle spikeet inoculation of the susceptible winter
whest cv. Agent. While hyphal growth on outer surfaces of the spike was scanty and no successful penetration
was observed, the fungus developed a dense mycdium on the inner surfaces and effectively invaded the
lemma, glume, pdeaand ovary by penetration pegs. During theinter- and intracdllular Spreading of the fungus,
marked dterations in the host tissues were observed, including degeneration of cytoplasm and cdll organelles,
and depositions of dectron dense materia between cdl wal and plasma lemma. Ultrastructurd studies re-
veded that host cdll walsin proximity of the penetration peg and in contact with hyphae werelessdense, which
suggested that cdl wall degrading enzymes were involved in colonization of host tissues by funga hyphae.
Enzyme- and immunogold-labelling investigations confirmed involvement of extracdlular enzymes, that is cdl-
lulases, xylanases and pectinases, in degradation of cell wall components. Infection process and spreading of
F. graminearum, F. avenaceum and Microdochium nivale (F. nivale) in wheat spikeswas amilar to that of
F. culmorum. Cytological studies showed that Fusarium spp. colonized spike tissue of resistant whest cvs.
Frontana and Arinamore dowly than that of the susceptible cv. Agent. Plant structura defense reactions such
as formation of thick layered gppositions and large papillae were essentidly more pronounced in the infected
host tissues of theresistant cvs. than in those of the susceptible cvs. Therewere no differencesin lignin contents
of wheet spikes between susceptible and resstant cvs. of the uninoculated hedthy tissue. While lignin content
in cdl wadls of the infected tissues of the susceptible whesat cv. only dightly increased, lignin accumulated
intensdly in host cell walls of theinfected wheat spikes of the resstant cvs. Immunocytochemica localization of
2A\-1,3-glucanase and chitinase demonstrated distinct accumulation of both enzymesin F. culmoruminfested
wheet spikes of resistant whest cvs., whereas in the susceptible cv. both enzymes were hardly increased. The
subcdlular locdization of thionin and hydroxyproline-rich glycoproteins (HRGPs) was studied by means of
immunogold-labelling technique. Compared with hedthy tissues, labdling dengties for the two types of pro-
teinsin cdl walsof theinfected spiketissueswas only dightly enhanced in the susceptible cv., whilein cell walls
of infected tissues of the resstant cv. Arina labelling dengties of thionins and HRGPs increased markedly.
Locdization studies of trichothecenesindicated that toxins could be detected in host tissues at an early stage of
infection. However, labdling dengties for DON in the resstant cv. were sgnificantly lower than those in the
susceptible cv. The studies indicated that FHB-resistant whest cvs. are able to develop active defense reac-
tions during infection and spreading of Fusarium spp. in the spike tissues. It is suggested that the lower
accumulation of the toxin DON in infected resstant spike tissue may not essentidly interfere in defense re-
sponses to the pathogen by the host tissue.
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AND RYE IN BAVARIA (GERMANY) IN 2003
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ABSTRACT

In the year 2003 a monitoring program in Bavaria has started. 190 samples of wheat and 80 samples of rye
were examined for infections of Fusarium species and desoxynivaenol (DON) content. For identification of
the species 200 surface disinfected kernels per sample were plated on different media. After 10 days of
incubation a 22°C under black light the number of kernds infected with Fusarium spp. was determined.
| dentification of the specieswas carried out by microscopy.With an infection rate of 52 % F. graminearumis
the most dominant DON producing fungus on whest. In the case of rye F. graminearum and F. culmorum
occurred on nearly the same level of 50 %. Percentage of kernelsinfected with F. graminearum ranged from
0% - 18,5 % among the samples of wheat and 0 % - 1,5 % among the samples of rye. Other predominant
species isolated from grain were F. poae, F. avenaceum, F. equiseti, F. tricinctum and Microdochium
nivale. Studiesin the 1990° s support our results that F. graminearumisthe most important DON producing
gpecies concerning of Fusarium head blight (FHB) on wheset in Bavaria. One reason for this observation isthat
crop rotations of wheeat and maize which isaso an excdlent host for F. graminearum are widely practiced in
Bavariafavouring the propageation of this fungus.
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FUSARIUM HEAD BLIGHT IN THE U.S.,, 2004
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!Pennsylvania State University, Department of Plant Pathology, University Park, PA 16801, USA;
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State University, Department of Geography, University Park, PA 16801, USA; and
“Pennsylvania State Climate Office, University Park, PA 16801, USA7
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ABSTRACT

Disease prediction modds for Fusarium head blight of wheet were revised based on wegther, crop growth
stage and disease observations from seven states located in both spring and winter wheat production aress.
The find models used hourly temperature, humidity and rainfal to predict the risk of disease severity greeter
than 10%. The modd deployed in 2004 dso contained variables that alowed users to specify type of wheeat
(winter vs. spring) and whether winter wheat was planted into corn resdue. Mode accuracy was estimated to
be near 80% based on data used to validate the model. The mode was deployed for 23 statesin 2004 as part
of the Nationa Fusarium Head Blight Prediction Center (www.wheatscab.psu.edu). Wesather variables used
drivethe model predictions came from two sources. Input from the Rapid Update Cycle (RUC) environmen-
tal prediction modd produced maps of risk level throughout the 23 states with a 20 km resolution. Wegther
stations maintained by the National Westher Service produced the second source of weather data, and pro-
vided userswith gtation-specific predictions within the map. Modd eva uation included comparison of westher
variables provided by RUC with independent sources weether data. Prdiminary results usng weether for
Fargo, ND indicate that mean absolute error for the RUC estimates of temperature and dew point temperature
were 1.6 C and 1.5 C respectively. Obsarvations of rainfal at Fargo were within 2.5 mmin dl but 15 of the
1450 observations. Modd predictions were evaluated based on 2004 disease survey results and observa
tions of weather, crop growth stage and disease from replicated plots. Modd evauation based on disease
survey resultswill be presented in the form of case studies and based on data collected in replicated plotsfrom
Sx dates. Forecasting error gppears to be associated with weather conditions during the flowering and grain
filling periods of growth that are not considered by the modd.
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AN EXTRACELLULAR LIPASE, FGLIPL, ISA PATHOGENICITY
FACTOR FOR FUSARIUM GRAMINEARUM
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ABSTRACT

An extracdlular lipase gene, designated FgLipl, was amplified from Fusarium graminearum strain PH-1
using the polymerase chain reection (PCR). To test the potentid function of this gene on the pathogenicity of F.
graminearum, a 4.5KB genomic sequence flanking FgLipl was cloned into a backbone vector and the
coding region of FgLipl wasreplaced by afungal expression cassette governing Escherichia coli hygromyain
B phosphotransferase gene expression. This congtruct was introduced into PH-1 through PEG-mediated
protoplast transformation. Using this approach we knocked out the wild type FgLipl gene by homologous
replacement. More than 50 transformants resistant to hygromycin were obtained. Strains with positive gene
replacement were confirmed by PCR and Southern blotting and the pathogenicity of these strains were tested
on asusceptible whest cultivar CDC Ted. All strains tested showed retarded disease devel opment on wheet
head and the function of FgLipl was to promote the spread of the fungus from inoculated spikelet to others.
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OBJECTIVES

To assessthe potentid impact of dimate changeinthe
epidemics of Fusarium Head Blight in wheet growing
regionsin southern Brazil, Uruguay and Argentina.

INTRODUCTION

For diseases which a large amount of information is
available, predominantly dueto their economicimpor-
tance, a process-based modeling approach offers the
most flexible option to assess the potentid impact of
climate change. This gpproach offers the added ben-
efit of linking host growth to pathogen life cycles
through severity functions and the modd isthen avail-
able for evaluation of management drategies. In this
work we have used Fusarium head blight of wheet as
amode system to explore this gpproach.

Fusarium Head Blight (FHB) (TriticumaestivumL.),
isanimportant disease throughout much of theworld's
wheat-growing areas. Severa Fusarium speciescan
cause head blight, dthough Gibberella zeae Schwain
(Petch.) (anamorph Fusarium graminearum
Schwabe) isthe predominant pathogen in most of the
regions. Contamination of whest with the mycotoxin
Desoxinivaenol (DON) at levels exceeding the per-
mitted levelsresultsin rgjection of sdeor severeprice
dockagein countriesthat have adopted DON regula
tion.

FHB isbest known asadisease of flowering being the
anthers reported as the primary infection Ste where
gpores of fungusmay land and then grow into the ker-
nels, glumes, or other head parts. Some evidences

suggest that wheat may be susceptible in a period up
through the soft dough stage of kernel development.

MATERIALSAND METHODS

Thewheat modd - The CROPSIM-CERES 2002
model included in DSSAT 4.0 (Decision Support Sys-
tem for Agrotechnology Transfer) was used here to
smulate growth and devel opment of spring wheet un-
der historica and scenario wegather dataand soil prop-
erties at Passo Fundo, (Brazil), La Estanzuda (Uru-
guay) and Pergamino (Argenting), respectively. The
model smulates crop growth with a daly time step
from sowing to maturity, based on physiologica pro-
that describe the crop response to soil, envi-
ronmenta, and management conditions. Phasic de-
velopment is quantified according to the plant’ s phys-
ologicd age. Potentid growth is determined from the
crop interception of photosyntheticaly active radia-
tion, and actuad biomass production on any day islim-
ited by sub-optima temperatures, soil-water deficits,
and nitrogen stresses. The soil sub-models for water
and nitrogen ba ance operate on the basis of soil lay-
ers. The Wheat modd has been evaluated and suc-
cessfully used across gStes throughout the world in-
duding Brazil, Argentinaand Uruguay.

The FHB model — The modd used in the present
sudy isamodified verson of amodd previoudy de-
veloped (Dd Ponte et d. —unpublished). The origind
modd gartsby thetime of emergenceof thefirst group
of heads, which is smulaed in the wheat modd. The
daily proportion of heads emerged isafunction of the
heading rate. Anther’ sextrusonrateca culatesthedaily
proportion of extruding anthers in a cohort of heads.
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The coupling of both heading and flowering models
results in the daily proportion of exposed anthers in
the field . Empiricd rules define anther longevity. In-
oculum is assumed to be present on the resdues. The
dengty of an airborne G. zeae spore cloud is afunc-
tion of the dispersd rate. Infections take place during
aninfection event which isdefined by meansof acom-
bination of dally records of rainfal and mean relaive
humidity in atwo-day window. Infection rateisafunc-
tion of mean temperaure during each infection event.
Empirica rules were defined to take into account po-
tentid infections up to 14 days after flowering. The
daly risk index is the product of the proportion of
susceptible tissue, infection rate and spore cloud den-
gty. Find risk iscdculated by the summeation of partid
indices. Rates and rules in the models are influenced
by weether variables as daily mean temperature, daily
mean rdative humidity, daily solar radiaion, precipi-
tation, and consecutiverainy days. Themode evalua-
tion with disease data from 5 years of epidemicsin
Passo Fundo, Brazil, showed that risk estimated by
model explained over 95% of variation in diseesefidd
Severity (unpublished).

In the present sudy adjustments were made in the
origind modd in order to use westher datasat without
information of rlaive humidity. Hence, infectionsevents
are defined by means of observations of rainfall
(>0,5mm) in atwo-day window. Hence, daily risk in-
dex is the product of the proportion of susceptible
tissue and infection rate.

Climatic Data - In each one of the sdlected Sites
(Pergamino in Argentina, La Estanzuela in Uruguay
and Passo Fundo in Brazil) historical wegther datain-
cuded daly vaues of maximum and minimum tem-
perature, precipitation and solar radiation from 1970
to 2000.

Climate change scenarios were obtained based on
LARS'WG and HadleyCM 3 projections. LARS WG
is a stochastic weather generator which can be used
for the amulation of weather data a asngle Site, un-
der both current and future climate conditions. In this
paper LARS-WG was used to obtain synthetic
wesgther series taking into account the changes oc-

curred in climate during the last century (comparing
the periods 1930-1960 to 1970-2000). By means of
HadleyCM3, under A2 emissions scenario centered
in 2020, we obtained the second climate change sce-
nario. For this purposetherate of change of each vari-
able (from the comparison between GCM projections
and the basdline period (1960-1990) was applied to
the daily climate record in each site.

Epidemics risks were investigated using nine planting
datesfor each year from 1970 to 2000 and from a30
year scenario, respectively. Climate change scenarios
were originated from trends observed in the daily dli-
mate records from Passo Fundo, La Estanzuela and
Pergamino for the 1970-2000 period.

RESULTSAND DISCUSSION

The results showed that Fusarium head blight risk in-
dex in Passo Fundo, Brazil was higher than in La
Estanzuela and Pergamino. Except for Pergamino
Fusarium head blight was greater under the climate
change scenario than in the historica weather. There-
aults are shown in Figure 1. The highest risk index of
FHB was probably dueto the presence of morerany
days during September-November period in the cli-
mate change scenaio. If confirmed, thiswould havea
sgnificant impact on wheat production and mycotoxin
contamination for this part of the world.

We have successfully used a linked process based
modeling approach to explain FHB epidemics deve-
opment at three Stesin South America. The next step,
is to further expand the climatic-dependency of the
mode to explorethe potentia impact of dlimate change
and variability on other diseasesand whest yield across
different Stesin South America. Theyidd should re-
ault from the interaction between the change in di-
mate, the phenology of the cultivar and the impact of
disease. To make these results more generdly appli-
cable, further work is needed to compile important
phenologicd atributesfor the current suite of cultivars
in the South American wheat growing regions to ex-
tend the linked modds. Climate change scenarios are
complex and updated regularly.
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ABSTRACT

In western Canada, wheat and barley are increasingly being grown in rotation with noncered crops. Many of
the Fusarium spp. that cause fusarium head blight (FHB) in this region have aso been found to cause root/
crown rot of wheet and barley. Because infected ground level and underground plant tissue might be a source
of inoculum for cered head infections, it would be of interest to determine if FHB pathogens could aso be
present in root tissue of noncereal crops. A total of 80 canola, 33 flax, 13 lentil and 35 pea crops were
sampled in 2000 and 2001 in eastern Saskatchewan for fungd populations in roots. Surface-disnfested
pieces of discolored roots were plated on nutrient agar for fungd identification. The Fusarium species most
frequently isolated from discolored roots of these crops was F. avenaceum, a pathogen with a wide host
range and one of the most important FHB pathogensin Saskatchewan. Thisfunguswas present & the highest
levels in pulses. Other common FHB pathogens, such as F. culmorum, F. graminearum, and F.
sporotrichioides, were dso isolated from roots of noncered crops, dthough at lower levels. The same
Fusarium spp. found in this study had aso been isolated from discolored subcrown internodes of whest and
barley sampled inthe same area. Comparison of Fusarium populationsin noncereal roots with thosein roots
of wheet and barley suggeststhat levels of F. avenaceum were increased while those of other Fusarium spp.,
including the cered pathogens F. culmorum and F. graminearum, were maintained in underground tissue of
oilseed and pulse crops. Based on these observations, it is suggested that growing the noncereal cropstested
in this study might result in increased root rot caused by F. avenaceum, and contribute to the devel opment of
FHB in subsequently-grown cered crops. Thisisthefirst report of isolation of F. graminearumfrom roots of
field-grown pulse and oilseed crops in western Canada.
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ABSTRACT

Fusarium heed blight (FHB) is well established in eastern regions of the Canadian Prairies and has been
spreading further west inthe last few years. Cered crop residues are considered the most important source of
inoculum for the development of this disease; hence crop rotation has long been recommended as a disease
management tool. However, surveys conducted in eastern Saskatchewan indicate that growing wheat and
barley in rotation with noncered cropsis not effectivein reducing FHB levels. 1t was of interest to determine
if resdues of noncered crops commonly grown in rotation with wheat and barley can aso be colonized by
FHB pathogens, and thus aso be a source of inoculum for FHB development. In July of 2000 and 2001,
resduesof cered (whest, barley and oat) and noncered (canola, flax, lentil and pea) crops grown the previous
season were sampled from over 300 fieldsin eastern Saskatchewan. Thenoncerea crops had been preceded
by a cered crop. Resdues were surface-disinfested and plated on nutrient agar for fungd identification.
Fusarium most often congtituted the largest genusisolated from residues of al crop samples, and ranged from
pathogenic to weakly pathogenic on ceredls. The most commonly isolated specieswasF. avenaceum, which
wasin generd present a the highest levelsin pulseand flax resdues. Among thosefound at lower levelsin both
cereal and noncered residues were F. equiseti, F. acuminatum, F. culmorum, and F. graminearum, d-
though in most cases the percent isolation of these species was higher in one or more of the cereal crops than
in the noncered crops. All Fusarium spp. found in resdues were also isolated from whest and barley heads
affected by FHB in Saskatchewan. One of the most important FHB pathogens in the province was F.
avenaceum. Colonization of canola, flax, lentil and pea resdues by fungi commonly isolated from cered
crops affected by FHB suggedts that growing those crops in rotation with wheet or barley would not be
expected to result in asignificant reduction or eradication of Fusarium spp. pathogenic to ceredls. Thiscould
be attributed to the wide host range of the fungi or their ability to colonize nonhost plant residue. Based on
these observations, we conclude that the dternative crops tested might be a source of inoculum for head
infections of subsequently-grown cered crops, especidly in areas where environmental conditions are more
conducive to FHB than where the present sudy was conducted. This is the first report of isolation of F.
graminearum from residues of noncered cropsin western Canada.
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ABSTRACT

Because of the increasing significance of Fusarium head blight (FHB) in western Canada, it is important to
identify crop production factors (CPF) that may be associated with the spread and development of thisdis-

ease. From 2000 to 2002, 312 spring whest fields under minimum-till management were sampled for FHB in
eastern Saskatchewan. Fusarium-damaged kerndls (FDK) wered so evaluated in 2000 and 2001. Environ-

ment was the most important factor determining disease development. Therewerefewer effects of the various
CPFson FHB inayear with high (2001) and low (2002) disease pressure, compared to ayear with moderate
(2000) disease pressure for this region. The CPFs that most affected FHB in crops under minimum-till

management were previous application of a glyphosate formulation (GF), crop susceptibility, and previoudy-

grown crop. The use of herbicide Groups 1, 2 or 4, N fertilizer use, seeding rate, and seeding date did not
have a sgnificant effect on disease development in any year. GF gpplication in the previous 18 months or 3
years was the only CPF significantly associated with a higher FHB index every year, indicating that its effect
was not influenced by environmenta conditions as much asthat of the other CPFs. In 2000 and 2001, crop
susceptibility and previous GF gpplication were the only CPFs that were associated with a significant change
inpercent FDK. Compared to untreated fields, wheet cropsgrown in fields previoudy treated with GF had an
increase in the mean FHB index from 1.9% to 4.3% in 2000, and from 5.0% to 11.5% in 2001, and an
increase in the mean percent FDK from 0.3% to 0.8% in 2000, and 0.4% to 0.8% in 2001. The higher
percent FDK in crops grown in GFtreated fidlds would have resulted in further loss of market value. 1tisnot
known if a smilar association of previous GF gpplication with FHB and FDK would occur in environments
different from the ones encountered in this sudy, or more conducive to disease development. Because of the
nature of this study, it was not possible to establish a cause-effect relationship between previous GF gpplica
tion and disease development. Based on the sgnificant and consistent association between previous GF
gpplication and FHB, further research to ducidate the underlying mechanismsis warranted.
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ABSTRACT

Fusarium head blight (FHB) has been causing sgnificant damage to the whesat and barley indudiriesin eastern
regions of western Canada, and appears to be spreading west. A comprehensive strategy to stop or reduce
the spread of this disease is necessary. Most of the same Fusarium spp. responsible for FHB are dso
associated with root/crown rot in cereal crops. Controlling Fusarium spp. in underground plant tissue might
help to control the spread of FHB and reduce the damage it has been causing in areas where it is aready
established. To this end, the effect of agronomic practices on funga populations in underground tissue was
examined in atota of 400 wheat and 138 barley fields surveyed in eastern Saskatchewan between 1999 and
2001. Crops sampled had been preceded by a pulse or oilseed crop, or by summerfalow, and were under
conventiona-till (7 or moretillage passesin last 3 years, and an average of lessthan 1 glyphosate application
in previous 18 months), minimum-till (one to six tillage passes in last 3 years, and average of 1 glyphosate
goplication in previous 18 months) or zero-till (no mechanicd tillage in last 3 years, and an average of 2
glyphosate gpplications in previous 18 months) management. Many of the Fusarium spp. isolated from
discolored subcrown internodes had adso been previoudy isolated from cered heads affected by FHB in
Saskatchewan, including F. avenaceum, F. culmorumand F. graminearum. Therewas anegative correla-
tion between percent isolation of Fusarium spp. and that of Cochliobol us sativus, thefungus most commonly
isolated from subcrown internodes. Andysis of funga populations in crops under minimumtill management
according to crop history revealed that percent isolation of Fusarium spp. wasnot cons stently affected by the
previoudy-grown crop. However, crops preceded by summerfallow had higher levels of C. sativus than
those preceded by acrop. Anaysisof funga populations by tillage system reveded that in generd there was
a lower percent isolation of C. sativus, and a higher percent isolation of Fusarium spp., especidly F.
avenaceum, with a decrease in the intengity of tillage and an increase in the use of glyphposate formulations.
We conclude that whereas Fusarium populations in underground tissue of wheat and barley will not be
affected by the preceding crop, the isolation frequency of some of these species will increase as soil distur-
bance decreases and glyphosate use increases. Whether the increase in Fusarium populations in reduced
tillage systems is due to the absence of competition from C. sativus, or a direct growth simulation, is not
known and requires further investigation as an increasing number of producers adopts conservation tillage
practices.
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ABSTRACT

Mitogen activated protein (MAP) kinases play important roles during different developmental processes in-
cluding pathogenic stages of many filamentous fungi. It has been reported that Gpmk1 MAP kinase disruption
mutants of Fusarium graminearum are apathogenic and cannot infect wheat spikes. At this time it is not
possible to explain the complete apathogenicity of the MAP kinase deletion mutants, because the Gpmk1
MAP kinase affects severd different processesin the cells.

An effective fungd pathogen must overcome physica and chemicd barriers made up by the host to block
infection. The actud mode of penetration and invasion of F. graminearum is dill not fully ducidated. How-
ever, the formation of appressoria has been excluded, as such structures were never found. Insteed, the fungus
probable enters the host through natura openings, such asthe glume ssomata, or penetrates the epidermd cedll
walsdirectly with short infection hyphae. F. graminearum secretes cell wall degrading enzymes during colo-
nization of its hogt. Jenczmionkaand Schéfer (2004) could show that the regulation of various cell wall degrad-
ing enzymes, like endoglucanases, proteolytic and lipolytic enzymesis mediated by the map-kinase pathway.
Gpmk1 MAP kinase disruption mutants of F. graminearum show in vitro a reduced lipolytic activity in
comparison to the wild type strain. We have cloned, characterized, and disrupted a secreted lipase (FGL 1) of
F. graminearum and found it to be a novel virulence factor. Here we show the regulation of FGL1 genein
dependence of MAP kinase Gpmk1.
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ABSTRACT

Gibberella zeaeisthe causal agent of Fusarium Head Blight on cered. Sincethe disease affectsthegrain, yield
losses can be as high as 40% when infection is severe. During host colonization, the fungus produces mycotox-
ins, incdluding deoxynivaenol, zeardenone and aurofusarin, which make the grain unfit for human and animd
consumption. Zearaenone and aurofusarin belong to the family of compounds caled pol yketides. Polyketides
are produced by Polyketide Synthases (PKS) using acetyl or maonyl precursors. In fungi, PKSs are large
multidomain enzymes and have an iterative function. All Polyketide Synthases have K etosynthase, Acyl Trans-
ferase and Acyl Carrier Protein domains. In addition to this they may have one or more functional domains
such as Ketoreductase, Dehydratase, Enoylreductase which give rise to the immense structura diversity of
these compounds. We used the recently released genomic sequence of Gibberella zeae to identify dl the
PK'S genes in the genome. We then disrupted each gene individualy and andlyzed the mutants phenotypicaly.
Wewereableto assgn function to five of 15 identified PKSgenes. We continueto explorether rolein thelife
cycde of thisimportant pathogen.
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ABSTRACT

Fusarium head blight (FHB) isthe most important cered diseasein the province of Manitoba, Canada, and has
caused major losses to dl sectors of the grain industry since 1993. The principa pathogen causing FHB is
Fusarium graminearum Schwabe (tel eomorph Gibberella zeae [ Schwein.] Petch). Diseaseforecagting sys-
tems are being developed to aid producersin fungicide gpplication decisons. One areathat is poorly under-
good is the duration of surviva and conditions under which ascospores remain viable once released from
perithecia. The objective of this study was to determine the longevity of ascospores under various leves of
relative humidity (RH). Ascospores were recovered from lids of Petri dishes, where they adhered in conden-
sation droplets, within 24 h of being released from perithecia. Viability was tested with the vital stain, trypan
blue, and by germination on water agar. Humidity chambers were created using the sats MgCl, AG6H,0,
NaBrAd2H,0°, and KNO,** to provide RH levels of 33%, 59% and 93.5%, respectively at 20° C for
periods of time extending for 2, 4, 6 and 8 hours. Preiminary resultsindicate thet trypan blue was taken up by
only asmal percentage (10%) of ascospores indicating high viahility, but this was not aways confirmed by
equdly high levels of germination on water agar. Under RH of 30%, viability and germinability rgpidly dropped
to gpproximately 30%, while ascospores suspended in water for as long as 7 days remained viable and
germinated on water agar.
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ABSTRACT

Fusarium head blight (FHB), caused principaly by Fusarium graminearum Schwabe, isthe most important
cered disease in the province of Manitoba, Canada, and has caused mgjor losses to dl sectors of the grain
industry since 1993. As part of along-term crop rotation study, residues from foundation crops and two year
rotations were examined for presence of Fusarium spp. under conditions of natura inoculum. Foundation
plots (10 x 60 m) of whest, oat, pea, and canola were established in 2001. In 2002, resdue was retrieved
from each of these plots on 2 or 3 occasions during the growing season. Also in 2002, into each foundation
plot, each of the 4 crops was planted in 10 x 15 m plots. In 2003, residue was retrieved from the 10 x 15 m
plots of each crop and stored a 4° C. Residue was cut into 2.5 cm sections and surface sterilized.  Four
sections per Petri digh/ replicate were plated on potato dextrose agar amended with streptomycin, and incu-
bated under white light a room temperature for 5 to 7 days. There were 4 replicates. In 2002, the two
predominant Fusarium spp. isolated from res due from foundetion plotswere F. sporotrichioides Scherb.(mostly
from oat and pearesidue) and F. acuminatum Ell. & Ev.(from dl residue types). Fusarium graminearum,
and F. equiseti (Corda) Sacc. were the second most abundant. Other Fusarium spp., including F. culmorum
(W.G. Smith), F. poae (Peck) Wollenw., and F. sambucinum Fuckel were found & low levels. In both years,
more F. graminearumwas found on wheat and oat residue, than on canolaand pearesidue, and levelswere
higher in 2003 than in 2002. In 2003 there was more F. graminearum isolated from residue of whegat grown
on oa stubble, and from wheat and oat grown on pea stubble. Pea residue appeared to be a favourable
subgtrate for F. graminearum, as the highest levels were isolated from plots that had been planted into pea
stubble. Fusarium spor otrichioides was the most abundant speciesisolated in 2003, especidly from residue
of oat and wheat planted into canola, oat and pea stubble. There were consistently lower levels of F.
sporotrichioides from oat, pea and whegt that was planted into wheat stubble.
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INTRODUCTION

Widespread and severe epidemics of Fusarium head
blight (FHB) occur when rain periods coincide with
flowering and grainfill in wheet, and other samdl grains
(Hart, et a, 1984; McMullen, et d, 1997). In 2004,
favorable pre-flowering infection periods occurred
during the weeks of May 11-18, 22-27 and June 10-
19 according tothe Model 1 FHB predictor (Dewolf,
et d, 2000). The two earlier favorable events coin-
cided with flowering in the many parts of the date.
Rainfal during these periods would have resulted in
the extensive release of sporesthat initiate the disease
on the wheat heads. Based on the Modd |1 post-
flowering infection FHB modd (DeWalf, et d, 2000)
thelatter dateswere also favorablefor post-flowering
infection. Therefore, it isnot surprising that FHB was
a common occurrence in Michigan in 2004, and re-
sulted in the contamination of much of thewheet inthe
state with DON.

METHODSAND MATERIALS

FHB Survey. Ninety-three whest fields were sur-
veyed in thirteen counties extending from centrd Michi-
gan, through the thumb, and south into southeast Michi-
gan. Feds were randomly chosen for sampling two
to three weeks prior to harvest. Heads were col-
lected from a minimum of ten locations within eech
fidd, and the number of heads collected per fied
ranged from a low of 48 to a high of 403. Fewer
heads were collected when the incidence of disease
washigh (Table 1). The percent of infected head was
determined by rating each head as infected or non-
infected, and the severity of disease on each of the
infected heads was determined following the guide-
lines established by Stack, et d (1996). A disease
Severity index for each field was determined by multi-
plying the average percent of infected heads by the

average disease severity. After counting, thegrainwas
threshed from the heads, and assayed for DON. A
few days prior to harvest heads were collected from
eleven of the previoudy sampled fields, and the grain
again assayed for DON.

Wheat Variety Trial. A Michigan State Universty
whest variety trid in southeast Michigan wasuniformly
diseased with FHB. Each of thefour replicationswas
evauated for disease incidence and severity, and one
replication was harvested for DON analyss. Addi-
tiona information onthewheet variety trid can befound
at http:/AMww.msue msu.eduw/msuwheet/index.html.

Fungicide Trials. Two whest varieties, Freedom
and Harus, were planted in thefdl of 2003. Michigan
State University wheat management recommendations
were followed. Environmental conditions for FHB
were very favorable in Michigan in 2004, and these
plotswere nether irrigated nor inoculated. Fungicides
were gpplied as described previoudy (Hart, et d,
1999). Fungicide gpplications (Table 2) wereddayed
until eight days after the start of anthessdueto exces-
svely wet conditions.

RESULTSAND DISCUSSION

FHB Survey. Theaverage number of infected heads
in these fidlds was 77.6%, and ranged from alow of
12%to high of 100% (Table1). Theaveragedisease
Severity of infection was 29% (determined from both
infected and non-infected heads), and ranged from a
low of 1% to a high of 64%. DON vaues ranged
from lessthan 1 ppmto 22 ppmin grain collected 1-2
weeks prior to harvest, with an average of 8.3 ppm.
DON values two taken two weeks prior to harvest
were Smilar to vaues taken within afew days of har-
vest in eleven common. Stagonosporalesf blotch was
common and relaively severe throughout the Sate.
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Wheat Variety Trial. Whest variety trid resultsare
posted at http://www.msue.msu.edu/msuwheat/
index.ntml. The average percent FHB infection was
97.2, the average disease severity as a percentage of
the head infected was 51.4 (infected and uninfected
heads), and average disease severity index was 50.5,
acrossfour replications. The DON average from one
of the four replications was 5.9 ppm. Overdl, the
largest differencesamong varietieswerein the amount
of infection on heads, and in DON levesin thegrain.

Fungicide Trial. Fungicideswere gpplied eight days
after flowering which istoo late to be as effective as
goplications a the beginning of flowering. Wegther
conditions did not permit an earlier gpplication. Dif-
ferencesbetween trestmentswere not Sgnificant (Table
2). There was a non-sgnificant reduction of 0.6 to
2.5 ppm of DON with experimenta, non-labeled fun-
gicides. However, the disease incidence and severity
was not affected. Stagonospora leaf blotch was se-
vere and widespread in Michigan (http://
www.msue.msu.edw/msuwhest/index.ntml). - Differ-
ences between Harus and Freedom were significant
(P=0.05) for the percentage of infected heads, per-
cent disease severity, disease severity index DON and
yied.

The results from the wheet variety trid, and the fungi-
cide tria, suggest that differences in susceptibility, or
resistance, are primarily in the spread of F.
graminearum within the head, and in the production
of DON. Thelatter was epecidly evident in the fun-
gicidetrid wherethe variety Freedomwas sgnificantly
more affected by FHB in diseaseindices, but the DON
level were less than a one-third the leve in Harus.
These datad so support the necessity for DON andysis
of grain from research projects within the initiative to

select trestments and whest varieties that are capable
of reducing DON levesin the absence of areduction
in disease.
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Table 1. Survey results for Fusarium head blight in Michigan in 2004. Number of heads indicates the number of wheat heads
collected in each field and taken back to the laboratory to determine levels of infection, and for analysis of the grain for DON. Disease
severity is the average disease severity for both infected and uninfected heads. Severity index is the percent infection times the
disease severity.

Total # # Heads % disease
Field # |Location Heads Infected % Infection severity | Severity Index | DON ppm|2nd DON
1 N42 42.726 W84 39.810 |195 185 94.9% 28.2% 26.8 3.4
2 N42 39.438 W84 44.348 |304 213 70.1% 25.9% 18.2 11.0
3 N42 38.498 W84 44.342 1169 146 86.4% 42.3% 36.5 7.0
4 N42 34.751 W84 44.336 178 171 96.1% 74.3% 71.4 8.0
5 N42 34.051 W84 43.827 |309 302 97.7% 43.3% 42.3 6.0
6 N42 34.059 W84 43.370 |227 164 72.2% 30.9% 22.3 11.0
7 N42 32.029 W84 43.144 254 191 75.2% 26.3% 19.8 2.8
8 N42 31.763 W84 42.505 |209 98 46.9% 23.5% 11.0 10.0 2.2
9 N42 24.124 W84 36.146 |190 149 78.4% 31L.7% 24.9 4.0 3.4
10 N42 23.388 W84 34.835 |272 230 84.6% 34.5% 29.2 4.2
11 N42 35.812 W84 26.064 216 192 88.9% 39.3% 35.0 3.8 3.8
12 N42 36.662 W84 25.846 |244 237 97.1% 42.1% 40.9 5.0 2.8
13 N42 37.070 W84 25.978 |221 209 94.6% 56.4% 53.3 4.4 4.4
14 N42 38.076 W84 25.977 193 166 86.0% 22.1% 19.0 2.6 2.2
15 N42 47.001 W84 44.369 114 89 78.1% 13.2% 10.3 4.4 4.2
16 N42 54.032 W84 44.565 128 43 33.6% 13.4% 4.5 >50.0 6.0
17 N42 56.611 W84 44.222 123 59 48.0% 12.0% 5.7 9.0
18 N43 00.097 W84 41.635 |124 54 43.5% 9.3% 4.1 14.0 13.0
19 N42 59.490 W84 34.943 |131 25 19.1% 5.7% 1.1 4.4 6.0
20 N42 55.260 W84 14.656 163 103 63.2% 9.3% 5.9 10.0 6.0
21 N42 53.902 W84 20.164 |131 125 95.4% 33.4% 31.9 1.0
22 N42 52.694 W84 27.480 |148 27 18.2% 6.0% 1.1 22.0 1.4
23 N42 50.634 W84 29.038 |153 39 25.5% 3.6% 0.9 8.0 1.1
26 N41 56.458 W83 48.607 167 148 88.6% 24.1% 21.4 18.0
27 N41 56.097 W83 53.150 |139 138 99.3% 62.6% 62.1 2.8
28 N41 55.182 W83 53.149 |126 124 98.4% 59.5% 58.6 4.8
29 N41 51.860 W83 50.711 [133 124 93.2% 34.3% 32.0 2.2
30 N41 48.547 W83 50.366_[154 148 96.1% 36.0% 34.6 3.0
31 N41 49.194 W83 49.054 160 144 90.0% 34.6% 31.2 0.8
32 N41 48.368 W83 47.322 (210 209 99.5% 45.2% 45.0 3.0
33 N41 51.354 W83 42.555 |137 125 91.2% 44.0% 40.2 7.0
34 N43 13.889 W83 06.518 |81 81 100.0% 26.0% 26.0 <0.5
35a N43 12.745 W83 01.111 |76 76 100.0% 38.4% 38.4 <0.5
35b N43 12.745 W83 01.111 133 130 97.7% 25.6% 25.0 1.8
36 N43 12.789 W82 56.494 |87 86 98.9% 38.7% 38.2 0.8
37 N43 14.463 W82 48.362 136 136 100.0% 48.3% 48.3 0.0
38 N43 19.336 W82 49.294 |55 55 100.0% 30.4% 30.4 1.2
40 N43 24.421 W82 48.827 |141 141 100.0% 48.5% 48.5 2.2
4la N43 24.421 W82 48.827 |97 95 97.9% 47.0% 46.0 4.4
41b N43 22.892 W82 48.481 |66 66 100.0% 43.2% 43.2 2.4
42 N43 28.732 W82 49.079 133 132 99.2% 29.3% 29.1 0.0
43 N43 24.526 W85 06.197 |164 22 13.4% 6.1% 0.8 21.0
44 N43 23.111 W85 05.114 135 20 14.8% 1.2% 0.2 29.0
45 N43 21.617 W85 05.182 173 31 17.9% 3.2% 0.6 8.0
46 N43 18.080 W85 05.017 |274 64 23.4% 15.1% 3.5 15.0
47 N43 09.926 W85 04.379 |384 384 100.0% 64.3% 64.3 19.0
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Table 1. cont.

Total # # Heads % disease
Field # |Location Heads Infected % Infection severity | Severity Index | DON ppm
48 N43 09.536 W85 04.389 135 68 50.4% 14.6% 7.3 15.0
49 N43 03.464 W85 04.523 1180 73 40.6% 12.1% 4.9 >50.0
50 N42 52.023 W85 15.515 142 92 64.8% 20.7% 13.4 20.0
51 N42 59.205 W85 05.060 |143 133 93.0% 37.3% 34.7 14.0
52 N42 09.536 W85 41.376 |166 149 89.8% 38.5% 34.6 11.0
53 N43 44.831 W84 03.429 |52 52 100.0% 20.2% 20.2 <0.5
54 N43 50.556 W83 57.798 |60 53 88.3% 37.7% 33.3 23.0
55 N43 39.323 W84 05.964 |56 56 100.0% 62.2% 62.2 >50.0
56 N43 48.188 W84 06.971 |59 58 98.3% 50.9% 50.0 23.0
57 N43 51.953 W84 03.111 |67 67 100.0% 28.8% 28.8 0.6
58 N43 34.405 W83 44.732 |48 48 100.0% 23.0% 23.0 <0.5
59 N43 38.594 W84 00.174 |51 23 45.1% 3.2% 1.4 <0.5
60 N42 53.298 W84 34.931 117 116 99.1% 44.1% 43.7 12.0
61 N42 53.116 W84 42.414 ]100 86 86.0% 15.4% 13.2 7.0
62 N43 00.029 W84 46.987 |121 91 75.2% 15.2% 11.4 2.2
63 N43 04.592 W84 46.488 |110 107 97.3% 30.1% 29.3 6.0
64 N43 06.535 W84 38.257 |106 106 100.0% 32.7% 32.7 17.0
65 N43 06.110 W84 29.609 110 110 100.0% 37.7% 37.7 5.0
66 N43 06.049 W84 23.872 |83 40 48.2% 16.8% 8.1 5.0
67 N43 01.556 W84 24.620 |87 83 95.4% 17.6% 16.8 11.0
68 N42 56.152 W84 24.703 132 132 100.0% 41.2% 41.2 3.0
69 N43 14.124 W84 40.384 |81 62 76.5% 27.3% 20.9
70 N43 09.996 W84 48.275 |95 73 76.8% 25.1% 19.3
71 N43 14.671 W84 48.108 |66 27 40.9% 15.4% 6.3
72 N43 20.136 W84 43.441 |87 52 59.8% 14.2% 8.5
73 N43 21.472 W84 46.024 103 95 92.2% 36.8% 33.9
74 N43 21.289 W84 31.855 130 52 40.0% 15.1% 6.0
75 N43 23.840 W84 25.938 |117 109 93.2% 59.2% 55.2
76 N43 18.800 W84 26.688 |128 110 85.9% 44.5% 38.2
77 N43 09.267 W84 25.771 403 81 20.1% 4.6% 0.9 17.0
78 N42 59.591 W83 03.948 |92 82 89.1% 29.5% 26.3 <0.5
79 N42 03.603 W83 37.033 |113 52 46.0% 17.9% 8.2 6.0
80 N41 48.970 W83 42.840 ]128 126 98.4% 40.4% 39.7 4.6
81 N41 50.245 W83 27.383 |168 150 89.3% 22.1% 19.7 3.0
82 N43 15.702 W85 04.308 105 94 89.5% 37.8% 33.9 22.0
83 N43 22.928 W85 23.722 121 34 28.1% 13.8% 3.9 13.0
84 N43 23.232 W84 57.726 1113 52 46.0% 17.9% 8.2
85 N43 16.586 W83 32.360 |75 62 82.7% 18.4% 15.2 12.0
86 N43 17.320 W83 31.317 |57 57 100.0% 41.1% 41.1 7.0
M66 & Romes 141 18 12.8% 1.3% 0.2
M66 S of lonia 153 100 65.4% 32.9% 21.5 20.0
Stamps - Folicur 170 168 98.8% 25.2% 24.9 0.6
Stamps - Headline 109 106 97.2% 22.2% 21.6 0.8
Stamps - Headline & Folic| 163 162 99.4% 28.2% 28.0 1.8
Stamps - No Fungicide 156 155 99.4% 25.3% 25.1 2.0
77.1% 29.1% 25.7 8.3
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Table 2. Results of MSU Fungicide Variety Trials —2004. The disease severity index was obtained by
multiplying the mean of head infection by the mean of infection of individual heads (includes infected
and uninfected). Means are the average of four replications. Treatments with different letters (a, b) are
significantly different from the untreated controls at p=0.05. Significant differences between varieties
are indicated by c, d.

Mean %
Mean % | Infection Mean Mean Mean
Variety Treatment of Heads of Severit DON Yield
Infected | Individu | y Index ppm bu/acre
al Heads
Freedom | Control 96 43 41 3.3 45.3
Freedom | Folicur 432SC 4 fl. oz + 0.125% Induce 97 42 41 2.9 51.2
Freedom | Tilt 3.6EC 4.0 fl oz 97 49 48 2.8 48.5
Freedom | JAU6476 480SC 5.0 fl. oz +0.125% Induce 94 41 39 3.3 471
JAUGB476 480SC 2.85 fl. oz + Folicur 3.17
Freedom | fl. Oz + 0.125% Induce 98 41 40 2.7 50.1
V-10116 1.81 FL @ 6 fl oz/A + 0.125%
Freedom | Induce 98 43 42 3.3 49.3
V-10116 1.81 FL @ 4 fl oz/A + 0.125%
Freedom | Induce 93 45 42 2.7 46.9
Freedom | Biocontrol strain OH 182.9 96 43 42 3.1 46.8
FreedomMeans | 96c | 43c | 42c | 3.0 | 482 |
Harus Control 82 32 27 10.8 51.8
Harus Folicur 432SC 4 fl. oz + 0.125% Induce 96 35 34 9.5 51.1
Harus Tilt 3.6EC 4.0 fl oz 97 35 35 10.8 49.9
Harus JAUB476 480SC 5.0 fl. oz +0.125% Induce 89 35 33 8.3 53.0
JAUB476 480SC 2.85 fl. oz + Folicur 3.17
Harus fl. Oz + 0.125% Induce 86 37 34 9.5 54.2
V-10116 1.81 FL @ 6 fl 0z/A + 0.125%
Harus Induce 99 36 35 8.8 56.4
V-10116 1.81 FL @ 4 fl 0z/A + 0.125%
Harus Induce 83 29 26 9.3 50.4
Harus Biocontrol strain OH 182.9 86 33 29 10.0 49.7
HarusMeans | 90 | 34 | 32 | 96 | 521 |
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ABSTRACT

DONcast isan empirica modd used mainly to predict deoxynivaenol (DON) in mature wheet grain a head-
ing. Wehaveused DONCcast in Ontario, Canada, primarily asatool for making informed decisions on whether
or not afungicide should be applied a heading on aregiond scale. Vdidation andyssshowsgreater than 80%
accurecy for determining whether a fungicide application is warranted to reduce DON. We have posted
predictions on the web on aregiona scale in Ontario since 2000. DONcast was aso adapted for use in
Uruguay, South America, in 2002 and 2003, where DON was found in baked goods ranging from 1 to 5 ppm,
resulting from a severe Fusarium epidemic in 2001. In Uruguay, DONcast has been employed as a pre-
harvest dert to DON contamination for targeting regulatory and marketing action on fidds within various
regions for markets destined for food. In totd, the present DONcast has been developed using fiel d-specific
wesgther and agronomic variables from over 700 farm fields across two countries since 1996.

Three critical periods of weether remain important in DONcast around wheset heading, including daly tem-

perature, rainfdl, and rdative humidity. Agronomic variables are dso important, including wheet variety sus-

ceptibility to DON accumuléation, tillage systems, and crops grown before whest. Overdl, predictions have
explained 76% of the variability in DON using dl fields from the database from 1996 to 2003. For the first
timein 2004, aweb-based interactive modd was developed for theindustry in Ontario, which alowed input of
field-specific weather and agronomic variablesfor more accurate predictions. Details of theinteractive model
will be presented. The robustness and gpplicability of the DONcast model will aso be presented, using data
invited from severd countries, including the United States, United Kingdom, Uruguay, and others.
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ABSTRACT

In aco-transformation assay (Jenczmionkaet d. 2003), we disrupted the Tri5 geneof Fusariumgraminearum
by homol ogous recombination, and integrated the gene for the green fluorescent protein (gfp) under the con-
trol of acondtitutive promoter at the disrupted Tri5 locus. The resultant transformants (DTri5) were shown to
be deoxynivaenol deficient and expressed condtitutively GFP. Additionaly, the wild type (WT) drain 8/1
(Miedaner et d. 2000) was aso transformed to express GFP condtitutively. We used (DTri5) and wild type
(WT) grainsof F. graminearum to investigate the infection course on barley caryopses of cv. Chevron, and
the highly susceptible cultivars Triumph and Golden Promise. We dso implied the NIL Palas, BCPalas-mlo5
(P22) and Ingrid, BCIngrid-mlo5 (122) to determine whether the mutation of Mlo has an impact on the
susceptibility of barley to FHB.

We found marked differencesin the susceptibility to F. graminearum of the various barley lines. Chevron and
Pallas were | ess susceptible than Triumph and Golden Promise, P22 and 122 were clearly the most susceptible
barley lines in this investigation, indicated by a faster spread and development of the fungus and the huge
lesonsin the hypodermis. Both observations might be explained by the mutation in the Mlo locus, which leads
to aloss of cdl death control and, consequently, to more frequent cdll degth in the plant tissue. This might be
favourable for the spread of necrotrophic pathogens like F. graminearum, as dready shown for the
hemibiotrophic fungi Magnaporthe grisea (Jarosch et a. 1999) and Bipolaris sorokiniana (Kumar et d.
2001).

Inour study no differencesin the course or strength of theinfection by WT or DTri5 srainsof F. graminearum
were detectable. Thus, the early pathogenesis of the DTri5 strains was not affected by the knock-out of the
trichothecene biosynthes's.
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OBJECTIVES

To know the occurrence of the main tricothecene and
fumonisn producing Fusarium speciesin severd whesat
and maize cultivarsfrom aregion in the South West of
Spain using arapid PCR-based method.

INTRODUCTION

Fungal contamination of cereds represents a serious
risk for human and animal hedlth, because the ahility
of many of the funga speciesto producetoxinsinthe
grain. These species also produce diseases which re-
ault in yidd loss. The genus Fusarium is one of the
mog relevant fungus affecting agronomica important
crops with acosmopoalitan digtribution. Thisgenusin-
cludes diverse species differing in geographica, di-
matic and host digtribution as wdll as in the array of
toxinsthe different species are able to produce, some
of them responsible of serious chronic and acute dis-
eases, among which trichothecenesand fumonisnsare
the most relevant. The correct and early identification
of the criticd Fusarium species or populations per-
mits the prediction of occurrence of a particular toxin
and the contral of the fungusin order to prevent toxin
entering the food chain.

In the case of cereds, particularly wheat and maize,
trichothecene-producing species frequently occur in
wheat while fumonisin-producing species are more
often associated to maize. However, geographic and
climatic factors are playing a crucid role in the distri-
bution of Fusarium species as well as some farming
practices such crop rotation and host genotype
(Doohan et d., 2003, Bottalico and Perrone, 2002).
In the case of Spain, there are few data regarding the

didribution of Fusarium speciesin ceredls. The dis-
eases produced by Fusarium, particularly in whest,
are not conddered of specia concern dthough the
occurrence of trichothecenes and fumonisinshave been
reported in cereals and in food and feed products
(Sanchis et d., 1994; Jmeénez and Mateo, 2001;
Sanchis et d., 2001). Our objective was to identify
themain Fusarium speciesin severd wheat and maize
cultivars respongble for the synthesis of those toxins
using anidentification method rgpid and precise based
on PCR.

MATERIAL AND METHODS

The sampling of hard wheat was carried out in April
2003 in 9x locationsin a South West region of Spain,
latitude of 37° 11’ and longitude of -5° 45 (Utrera).
Maize fieldswere sampled in August 2004 in four lo-
cations in the same region. At least one field was
sampled in each location.

Five spikes, preferentidly showing symptoms com-
patible with Fusarium head blight disease (FHB),
were collected in five different places within each of
thefourteen whest fid dsstudied. Seedswith theglumes
were separated and pooled. In the case of maize, one
kernel was collected at the five places in each of the
five fidds sampled. Four grams of the pool of seeds
were incubated in 20 mL Sabouraud liquid medium
supplemented with chloramphenicol (0.5%) at 25 °C
during five days. The liquid medium was discarded
and the seeds were grounded in liquid nitrogen and
genomic DNA extracted with Genomix (Tdent, Italy)
according the manufacturer’s instructions. Subse-
quently standard PCR were carried out using specific
primer pairs for F. graminearum, F. culmorum, F.
equiseti, F. poae, F. sporotrichiodes, F.
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verticillioidesand F. proliferatum, aswell as, aprimer
st for Fusariumspp. These primerswere devel oped
in our laboratory and were based on the multycopy
|GSregion (Intergenic spacer of rDNA units) (Jurado
et d., submitted). The PCR assay for detection of F.
verticillioides is described elsewhere (Petifio et d.,
2004). Maize samples were tested for F.
graminearum, F. culmorum, F. equiseti, F.
verticillioides and F. proliferatum.

Alternatively, in the case of whet, ten to twenty five
seeds (five seeds per plate) from the fourteen fields
were plated on PDA supplemented with chlorampheni-
col (0.5%) and incubated at 25°C during threeto five
daysin order toisolateFusariumdtrains. Theisolates
obtained were andyzed using the direct PCR assay.
When the Fusarium isolate was none of the critica
species, a partid sequence of the eongation factor
(EF-1a) was obtained by PCR using the primers and
the PCR protocol described by O’ Donnell et
a.(2000). The sequences obtained were sent to the
FUSARIUM-ID v 1.0 database (Geiser et ., 2004)
to find out the Fusarium species showing the most
smilar sequence. Four F. graminearum and eeven
F. culmorumisolateswerefurther andyzed usng PCR
protocols based on the partial sequences of tri7 and
tri13 genes (Chandler et a., 2003) to determine the
ability of a particular isolate to produce tricothecene
DON (deoxynivaenol) or NIV (nivaenal).

RESULTSAND DISCUSSION

Presence of Fusarium spp. has been detected in dll
the locations dthough the number of sampled places
differed (Table 1). This result basicdly agreed with
the places where visble symptoms of FHB were ob-
served. F. graminearum, F. culmorum and F.
equiseti occurred ether together or separately in 50
% of the fields. F. sporotrichioides, F. poae and F.
verticillioides were not detected in any of the fidds
tested. The conventiond agpproach dternatively used
basicaly confirmed the presence of those species de-
tected by direct PCR assay and, additiondly, F.
sambucinum, F. avenaceum, F. udum and F.
robustum were identified by means of their partid
sequence of the EF-1a (Table 2).

The occurrence of F. graminearum, F. culmorum
and F. avenaceumin theregion andyzed in this sudy
representsasmilar Stuation to Sourthern Itdy, where
dsotheincidence of FHB islow (Bottalico and Perrone
2002, Logrieco et d. 2003). However, the occurrence
of F. equiseti seemed to be more important in our
region. These data contradict in some extent the gen-
erd consderation of certain Speciesbeing morepreva:
lent inether northern (F. culmorumor F. avenaceum)
or southern regions, indicating on one hand, the rda
tiveinfluence of fluctuationsin dimatic conditionswhich
can tempordly displace one species in favor of an-
other. On the other hand, the intraspecific diverdty of
the pecies congdered, il insufficiently known, could
be responsible of the existence of lineages or strains
with different features regarding environmenta reguire-
ments. I ntragpecific variability has been reported in F.
graminearum (O’ Donnell, 2000), F. verticillioides
(Mirete et al., 2004, Moretti et a., 2004) or F.
avenaceum (Yli-Mattilaet d., 2002).

The analysis of the potentid ability to produce DON/
NIV of asubset of F. graminearumand F. culmorum
isolates predicted the potential occurrence of whesat
contaminated with DON, but not NIV, and, as re-
ported in literature, it is expected the synthesis of
zearaenone produced by F. equiseti, F. culmorum
and F. graminearum, zearalenols produced by F.
equiseti and F. culmorum, typeA trichothecenesdue
to the occurrence of F. sambuci numandmoniliformin,
enniantins and beauvericin produced by F.
avenaceum. Although the incidence of F.
proliferatum was low, it can be indicative of a pos-
sble spread of this speciesin whest, astuation previ-
oudy reported in wheat and rye in diverse geographi-
cdl locations(reviewed in Bottalico and Perrone, 2002).

In the case of maize, the results showed a prevdence
of F. verticillioides and F. proliferatum (Table 3)
which apparently have completdy displaced other
Fusarium species commonly associated to maize,
such as F. graminearum or other occasionaly found
such asF. culmorum and F. equiseti, dso present in
the wheat andlyzed in thisregion (Table 1). However,
the more susceptible period of wheat and maize plants
to fungd infection occurs in different months (April
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and Augudt, respectively) and the climatic conditions
are probably different enough to condition the didtri-
bution of speciesobserved. Inthe case of Utrera, the
average temperature and pluviometry are 15°C and
56 mm, respectively, in April and 25.9°C and 16 mm,
respectively, in August. Anyhow, the prevaence of
these two species in maize seems not to be restricted
tothisregion. A recent survey of maizecollectedinthe
central part of Spain (Madrid), aso showed the pres-
enceof F. verticillioidesand F. proliferatumandthe
absence of F. graminearum (Jurado et d., unpub-
lished). In other Mediterranean areas the co-occur-
rence of both F. verticillioides and F. proliferatum
has been dso reported and amore relevant role for F.
proliferatum has been suggested in fusariotoxicoses
of maize grown in that region (Logrieco et d., 2003).
We can conclude that in the case of maize, fumonisins
and/or beauvericin and moniliformin will be the main,
and probable unique, source of toxinsin maize grown
in thisregion.
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Table 1. Occurrence of Fusarium ssp. (Fspp), F. graminearum (Fg), F. culmorum (Fc), F.
sporotrichioides (Fsp), F. poae (Fp), F. equiseti (Feq), F. verticillioides (Fv) and F.
proliferatum (Fpr) in wheat fields.

Location Field *Symptoms *Fspp *Fg Fc Fsp Fp Feg "Fv *Fpr

Utrera Ul 0 2 - - - - - - 1
Utrera U2 1 1 - - - - - - -
Utrera U3 5 5 - - - - - - -
Utrera U4 2 2 - - - - - - -
Utrera us 2 2 - - - - - - -
Utrera U6 5 4 - - - - 3 - -
Lebrija L1 5 5 1 2 - - 1 - -
Lebrija L2 5 3 - - - - - -
Lebrija L3 5 4 2 - - - 1 - -
Ecija El 5 4 - 1 - - - ; .
Ecija E2 4 2 - - - - - - .
Beas BE1 5 3 - - - - 2 - -
Bonares BO1 4 3 1 - - - - - -
Niebla N1 3 1 1 2 - - 2 - -

" Numbers indicate the positive sampled places within each field (up to five) showing
visible symptoms compatible with FHB (Symptoms) and the presence of the Fusarium
Species tested.

Table 2. Fusarium strains isolated from wheat seeds by conventional method.

Field Species (n°isolates)

Ul F. sambucinum (3)

U3 F. avenaceum (2)

U6 F. equiseti (1), F. udum (2)

L1 F. culmorum (8), F. equiseti (1), F. graminearum (7)

L3 F. graminearum(1), F. equiseti (1), F. robustum (2), F. sambucinum (2)
BO1 F. sambucinum (1)

N1 F. cuimorum (9), F. equiseti (1),

BE1 F. avenaceum (1)
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Table 3. Occurrence of F. graminearum (Fg), F. culmorum (Fc), F. equiseti (Feq), F.
verticillioides (Fv) and F. proliferatum (Fpr) in maize fields.

Location Field "Symptoms Fg Fc  Feq Fv  Fpr
Utrera UM-1 2 - - - 5 5
Utrera “UM-2 1 - - - 1 1
Morén MM-1 0 - - - 5 5
Las Cabezas C1 1 - - - 5 5
Trajano “TM-1 1 - - - 1 1

" Numbers indicate the positive sampled places within each field (up to five) showing
visible symptoms compatible with Pink-ear rot (Symptoms) and the presence of the
Fusarium species considered.

“Only one place sampled within the field
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ABSTRACT

Fusarium head blight (FHB) reduces grain yield, test weight, grade, and may aso contaminate kernds with
mycotoxins. The most common mycotoxin associated with FHB infected grain in the Northern Great Plainsis
deoxynivaenol (DON or vomitoxin). DON reduces the marketability of grain as food flavor, baking qudity,
and dso animd health may be impacted after consumption of contaminated feed. Inthis study we explored the
relationship between DON accumulation within, and seed size of, thirty six spring whest varieties and ad-
vanced breeding lines, where seed Sze represents an indirect estimate of the glume: endosperm ratio. Test
entrieswere sdected from South Dakota State University (SDSU) and North Dakota State University (NDSU)
spring wheat breeding programs and represented a sample of germplasm which resulted from FHB resstance
breeding efforts conducted from 1998 to 2003. Field testswere carried out asaRandomized Complete Block
Design with three replications. Tests were conducted at Brookings, SD and Prosper, ND during the 2004
growing season. Seed weight was obtained by weighing a 1000 seed sample of each entry, while DON
concentrations were collected on ground wheat samples by NDSU Veterinary Diagnostic Services. Seed Sze
and DON concentration datawere anayzed by ANOV A both within and over locations. Location entry mean
vaueswere caculated for corrdation analyss. Pearson’s product moment correlation coefficients were com-
puted to evaluate seed size and DON concentration relationships at each location and over locations. Results
from Brookings reved a negative association between seed sze and DON accumulations. When dl thirty six
entries were included in the analys's, the correlaion coefficient (r=-0.35906; p=0.0315) remained smilar to
after theremovd of apotentid outlier (r=-0.32233; p=0.0501). We will explore whether an outlier is present
in this dataset and dso intend to include results from the North Dakota and combined locations andysis.
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ABSTRACT

In epidemiologica studies on FHB, fungd biomass needs to be determined in different matrices. The assays
have to be species-gpecific, quantitative and capable of processing a high number of samplesin a short time.
Red-time PCR fulfills dl these requirements, replacing ELISA, which has a drawback of not being species-
specific. Mgor breakthrough in the devel opment of diagnostic PCR agpplicationswasthe invention of red-time
detection systems, which monitor the amount of PCR product after each cycle rather than at the end of the
reaction. Species-specific PCR primers are availablefor al FHB-relevant Fusarium species. Real-time PCR
can be used in three detection modes. Firstly PCR products can be detected by means of the fluorescence of
intercalating cyanine dyes. The second detection mode uses an oligonucl eotide labe ed with a fluorescent dye
and a quencher as a probe which hybridizes with the PCR product. Findly, the melting curve analysis feature
of redl-time thermocyclers can be used for multiplexing when afast, cost-effective, quditative assay for ahigh
number of samplesisrequired. We adopted published species-specific PCR primersfor FHB-reevant Fusarium
gpeciesto al three detection modes of redl-time PCR, including anew mdting curve-based quditative duplex
assay for F. culmorum and F. graminearum.

Thegod of our mgjor current project on FHB isto supply quantitative datafor the development of aprediction
modd for FHB in Germany. The model designated “FUS-OPT” conssts of modules which smulate biologica
processes relevant to FHB, including build-up of inoculum in plant resdues, sporulation of the fungus, dis-
charge of ascospores and infection of glumes and other flower parts. The mode needs to be fitted with
experimenta parametersfirst. After verification, it will be accessible by growers and plant protection services
viaaweb interface. The purpose of the model isto help growers minimize therisk of FHB and contamination
of wheet grains with mycotoxins and to give them guidance for decisons on the gpplication of fungicides.

The effects of environmental conditions, soil management and agronomica practices (precrop, tillage, culti-
var...) on key varigbles of the life cycle of the fungus are represented by modd parameters, which need to be
determined experimentally. We use three sources of samples for andysis plant materid from field trids (both
atificdd inoculation and naturd infection), ear and grain samples collected in globa FHB monitoring, and
meateria from experiments with fungd inoculum in incubators under defined temperature and humidity. Redl-
time PCR with different detection modes has been used for different tasksin this project. For example, mdting
point-based multiplexing serves to determine which Fusarium species colonized wheat rachises in a large
number of samples collected al over Germany, and quantitative species-pecific assays for F. graminearum
and F. culmorum are used for the estimation of Fusarium biomass in kerngls from monitoring samples and
fidd trids.
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OBJECTIVES

Comparison of the infection course of trichothecene-
producing and non-producing GFP-marked strains of
F. graminearumon caryopsesof different barley lines.

INTRODUCTION

The trichothecenes are mycotoxins produced by
Fusarium spp. They aremgor virulencefactors of F.
graminearuminfecting wheet heads (Ba et d 2001).
In a co-transformation assay, we disrupted by ho-
mologous recombination the Tri5 gene of F.
graminearum, which encodes the trichodiene syn-

thase catalysing the first step in trichothecene biosyn-

thess. Smultaneoudy, we integrated the gene for the
green fluorescent protein (gfp) under the control of a
condtitutive promoter at the disrupted Tri5 locus. The
resultant transformants OTri5) were shown to be
deoxynivaenon deficient and expressed condtitutively
ofp. Additionaly, the wild type (WT) strain 8/1
(Miedaner et d. 2000) was dso transformed to ex-

pressconditutively gfp. Weused (DTri5)and wild type
(WT) grainsof F. graminearum to investigate the
infection course on barley caryopses of cv. Chevron,

asix-rowed barley with partid resstanceto Fusarium
(de la PeHa et d. 1999) and the highly susceptible
cultivars Triumph and Golden Promise. Moreover,

sncetrichothecenesare knownto lead to cdll deathin
plant tissues due to damaging the plasma membrane
(Pavliovkin et a. 1986), we were especidly interested
in andysng the sporead of the different fungd dtrains
indde the plant tissue of barley lines differentidly ex-

pressing the cdll degth regulator MLO.

MATERIALSAND METHODS

Fungi - All F. graminearum strainswere maintained
at 20°C on SNA-medium (Nirenberg, 1981) or stored
asan aqueous conidiasuspensionat —70°C. For spore
production the fungi were grown on SNA-medium at
20°C under near-UV-light. The Tri5 gene of F.
graminearum isolate 8.1, a highly virulent
deoxynivaenol producer, was cloned, sequenced, and
disrupted by transformation mediated homologous
recombination. To facilitate fluorescence and confo-
ca microscopy WT and DTri5 strainswere addition-
aly transformed with GFP. In generd, transformations
were performed according to Jenczmionka et a.
(2003).

Plant Material - The barley cultivars Chevron, Tri-
umph and Pdllas and the near-isogenic backcrossline
BCPdlas-mlo5 (P22) were grown in the greenhouse
(14-18°C, 60 % rel. humidity, 16 h light period) and
daylight was supplemented if required with light from
high pressure sodium lampsto maintain acongant light
intengity of 15 klux. Spikeswere harvested at anthesis
and caryopses were placed separately in petridishes
filled with 0.5% (v/v) phytagar after removd of the
glumes. Each caryops's was covered with 10 pl of a
0.05% Tween 20 solution containing 1,500 conidia
mitof F. graminearum WT or DTri5. After inocula:
tion, the caryopses were incubated in a cabinet at
22°C, 16 h light period, 100% rel. humidity for three
to four days.

Tissue processing for microscopic analysis - The
inoculated caryopses were taken 24, 48, 72, and 96
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hours after inoculation (ha). By 24 and 48 ha, the
infectionby F. graminearumwasexamined in stripped
epicaps. To andyse theinfection of inner tissues, the
caryopses were frozen in tissue freezing medium at -—
29°C (72 and 96 hai). Sections of 50 pum thickness
were cut by using acryotome (HM 500 OM, Microm,
Heidelberg, Germany). The sections were embedded
in Eukitt® after thawing.

Microscopy - Fluorescence microscopy was per-
formed as described by Hickelhoven and Kogel
(1998). Confocal microscopy was performed with a
CLSM (Leica TCS SP2, Leica Microsystems,
Bensheim, Germany). The GFP was excitated with a
488 nm laser-line and detected at 505-530 nm.

RESULTSAND DISCUSS ON

In the first 48 hours after inoculation growth of F.
graminearum was restricted to the epicarp, the out-
most layer of the barley caryopses. Infection of the
plant cdls took place by direct penetration through
cuticles and cdll walls of epicarp cdls by the fungus.
The cdll to cdl movement of F. graminearum in this
layer showed two notablefeatures. 1) Appressorialike
swellings of the hyphae were often observed before
they passed through the cdl wadl of an infected cell
(Fig.1A). 2) The passage through the cdll wal oc-
curred often in regular intervals after branching of the
hyphae which indicates the use of pits for cdl-to-cdl
movement (Fig. 1B).

From 72 ha on, hyphae of F. graminearum were
detected in the honeycomb shaped cdlls of the hypo-
dermis (outer pericarp, Fig. 1C), and dsointhechlo-
renchyma (inner pericarp, Fig. 1D). In cv. Chevron
and Pdlas the growth of the fungus was redtricted to
the outer three layers of the hypodermis. Only in the
near-isogenic line P22 (BCPdlas-ml05) wedso found
fungd hyphaein the testa, the thin cdll layer below the
chlorenchyma, a 72 hai (Fig. 1F).

At 96 ha F. graminearum had entered the testa and
deuron layer in dl investigated cultivars (Fig. 1G).
Sporulation of the fungus occurred a the surface of
the caryopses whereby most spores were found on
caryopses of P22. Specidly cv. Triumph and P22

showed vigorous collapse of the hypodermis 96 ha,
whereas only in P22 large lesons were observed in-
Sdethistissue (Fig. 1H).

We found marked differences in the susceptibility to
F. graminearum of the various barley lines. Chevron
and Pdlas were less susceptible than Triumph and
Golden Promise.

P22 was clearly themost susceptible barley lineinthis
investigation, indicated by afaster spread and devel-
opment of the fungusand the huge lesionsin the hypo-
dermis. Both observations might be explained by the
mutation in the Mlo locus, which leadsto aloss of cdl
death control and, consequently, to more frequent cell
desth in the plant tissue. This might be favourable for
the spread of necrotrophic pathogens like F.
graminearum, as aready shown for the
hemibictrophic fungi Magnaporthe grisea (Jarosch
et al. 1999) and Bipolaris sorokiniana (Kumer et d.
2001).

In our study no differencesin the course or strength of
the infection by WT or DTri5 strains of F.
graminearumwere detectable. Thus, theearly patho-
geness of the DTri5 strains was not affected by the
knock-out of the trichothecene biosynthesis. These
findings point up that DON is not a pathogenicity fac-
tor of F. graminearum, i.e. a prerequisite for infec-
tion, as dready shown by Bai et d. (2001). Instead,
DON seemsto beimportant for the spread of FHB in
infected spikesand therefore poses asavirulencefactor
of F. graminearum.
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Figure 1. Microscopic pictures of barley caryopses inoculated with GFP-marked strains
of F. graminearum. A: Fungal hypha of DTri5 strain in epicarp cells. B: Hyphae of WT
strain passing trough cell walls of epicarp cells (A, B: cv. Golden Promise, 48 hai). C:
Hyphae of DTri5 strain in hypodermis (cv. Chevron, 72 hai). D: Hyphae of DTri5 strain
in chlorenchyma (arrowheads, cv. Pallas, 96 hai). E: Testa (arrowheads) free of WT
hyphae (cv. Pallas, 72 hai). F: Testa (arrowheads) filled with WT hyphae (P22, 72 hai).G:
Massive collapse of hypodermis and spreading of DTri5 strain in testa and aeuron
(arrowheads, cv. Triumph, 96 hai). H: Lesion in hypodermis (P22, WT strain, 96 hai).
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ABSTRACT

A forecasting or predictive system for Fusarium head blight of wheet was developed by acooperative research
effort anong scientigts at five universtiesin the U.S. Using higtorical records of weether and observations of
disease severity in fidd plots, logistic regresson models were developed to predict the probability of mean
disease severity exceeding 10%. Severa empirical models were devel oped that used weether data for the: 7
daysprior to flowering; 7 or 10 days sarting at flowering; or both pre- and post-flowering time windows. The
currently used model's, which were 80% accurate in predicting the data used in modedl development, utilizeonly
pre-flowering environmenta data. The implicit assumption underlying the models is that scab epidemics are
determined (at leest in part) by inoculum availability a flowering, and that weether immediately preceding
flowering determines the magnitude of available inoculum.

In 2004, Penn State and Ohio State Univergties deployed the predictive system in a web-based format for
evauation in 23 dates. Separate models were used for: winter wheet with low level of corn resdue (i.e,
relatively low inoculum dengty in the region); winter wheet with high corn residue (i.e, rdaivey high inoculum
dengity in the region); and spring wheat production systems. Scab risk maps a a 20-km resolution were
produced using temperature and relative humidity data obtained from the Nationd Wesether Service, Repid
Update Cycle (RUC) system, and dso rainfal data obtained based on Doppler radar estimates. Data from
specific weather stations aso were made available to the usersin the region, to be utilized as a secondary way
of obtaining predictions.

Current research concernsthe validation of the system, and the devel opment of more accurate modelsfor scab
risk prediction, based on additional scab observations, westher data for different time windows, and the
integration of empirical observations of epidemics with results from field and laboratory studies on scab.
Condderation is being given to predicting the risk of other severities of disease or of DON leve ingrain. The
current system was generdly accurate in field testing, but improvementsin accuracy are needed. The concept
of modd validation for such alarge-scde warning system will be discussed in some detail, and presented in the
context of Bayesian decison theory.
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ENVIRONMENT AND INTERACTIONSWITH OTHER FUNGI
ON GROWTH AND DON PRODUCTION BY
F. CULMORUM AND F. GRAMINEARUM
Naresh Magan’, David Aldred and Russel Hope

Applied Mycology Group, Indtitute of BioScience and Technology,
Cranfield University, Silsoe, Bedford MK45 4DT, United Kingdom
“Corresponding Author: PH: 44 1525 863539; E-mail: n.magan@cranfield.ac.uk

OBJECTIVE

Fusarium speciesdo not exist donein the phyllogphere
of ripening ears. It is thus inevitable that interactions
between these ear blight pathogens and other species
occurs. Environment and fungicidesal impact onthese
interactions and on mycotoxin production. Very few
Sudies have examined these interactions epecidly in
relation to other phyllosphere genera such as Alter-
naria, Microdochium, Aureobasidium, Cladospo-
rium and Penicillium. These interactions need iden-
tifying to enable interpretation of the mycotoxin con-
tamination obtained.

INTRODUCTION

Fusariuminfection is of concern because of impacts
on crop yied and qudity and the concomitant con-
tamination with trichothecene mycotoxins, particularly
deoxynivaenol (DON) and nivalenol (NIV) whichare
produced under conducive environmenta conditions
during ripening of cereds. While suppresson of FHB
is partialy achieved by the application of fungicides
this aso affects the baance of mycoflora colonisng
the ripening ear and flag leaves which can impact on
colonisation of ears and mycotoxin production. Very
few studies have examined the impact that such inter-
actions may have on colonisation potential of
F.culmorum and F.graminearumand on DON pro-
duction (Magan & Lacey, 1984). The competitive-
ness of these species is influenced aso by the com-
petitiveness of the other species, especially
Microdochium which is more effectively control by
foliar fungicides and by weekly parasitic genera such
asAlternaria and Cladosporium, the so called sooty
mould species (Magan & Lacey, 1986; Magan et d.,

2004). In the UK F.graminearumisbecoming more
common as fodder maize is used more often in the
southern regions as a break crop. Thismay act asa
reservoir for F.graminearum for whest infection.

MATERIAL AND METHODS

Growth and interactions between Fusarium spe-
cies and other mycoflora: Studies were conducted
onwheset grain of different water avallabilities contain-
ing 0.5 ug/g of fungicide (azoxystrobin, propiconazole,
epiconazole) at 15 and 250C. The interactions with
Alternaria tenuissima, Cladosporium herbarum,
Microdochium nivale var majous and Pencillium
verrucosum. Interactions were scored and growth
rates measured. DON levelswere quantified (Magan
et a., 2002).

Niche overlap indices. Studies were conducted to
compare the capacity of Fusarium pathogens and
other competing mycoflorafor utilisation of key nutri-
tiona compounds present in wheet grain to determine
whether co-existence or niche excluson occurs be-
tween these speciesunder different environmenta con-
ditions (Magan et d., 2003).

Field interactions: F.culmorum was applied to rip-
ening earsin 2003 and 2004 to examine the popula
tion development and relative impact on community
gructure on theripening ears. Thiswas done by serid
washings and isolaions from ripening grain.

RESULTS

Growth and interactions between Fusarium spe-
cies and other mycoflora:
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Growth of F.culmorum and F.graminearum and
competitiveness againg other gpecies was influenced
by temperature and water availability. F.graminearum
was more competitive that F.culmorumagang dl other
species a 25°C. However, a 15°C they were mutu-
aly antagonistic to each other with no dominance. The
presence of atriazole or strobilurin fungicide did not
modify this sgnificantly. Generdly, a 15°C and fredly
available water interactions with other fungi or fungi-
cide resulted in a reduction of DON. Howver,
C.herbarum and M.nivale and P.verrucosum re-
aulted in a stimulation of DON especidly at reduced
water avallability.

Niche overlap indices: Niche gzefor F.culmorum
and F.graminearum was Smilar under fredy avall-
able water conditions. However, under drier condi-
tions the niche sze for the former pecies was bigger
(18 vs 7). The NOI for these two species suggests
that they do not share there niche with other species
under environmenta stress, but do so when water is
available.

Field interactions: Inoculaionwith F.culmorumwas
effective and resulted in popul ation etablishement over
a two week period after inouculation. The popula
tions of other species varied with whether fungicides
had been applied. The presence of high populations
of Fusarium species aways coincided with low popu-
lationsof Alternaria. Therewereno sgnificant differ-
ences between DON levels sothat interpretation of
outcome of interactions on the ripening ears were dif-

ficult. Again, NIV levels were higher than those for
DON as F.poae was common in 2003,

DISCUSSION

Thisstudy was focussed on understanding therelative
competitivenessof F.culmorum and F.graminearum
invitroand ingtu. Generdly, F.graminearumismore
competitive under dight warmer conditions, andisless
S0 in cooler climatic regimes. Fungicides do influence
growth and competitiveness in the presence of other
mycoflora species which colonise ripening ears and
sometimes stimulate DON or NIV production.
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ABSTRACT

In acomprehensive study we investigated whether virulence of Fusarium graminearum is only determined
by the presence of the trichothecenes or is a quantitative character that is heterogeneoudy determined by
severd factorsdiffering from oneisolateto the other. Threeisolates of F. graminearum, well characterized in
field experimentswere sd ected: FG06, amedium aggressiveisolate producing mainly nivalenol (N1V chemoatype),
FG25, a medium aggressive isolate of the deoxynivaenol (DON) chemotype, producing medium levels of
DON, FG2311, ahighly virulent isolate of the DON chemotype, producing high levels of DON.

The Tri5 genes of these three isolates were cloned, sequenced, and disrupted by transformation mediated
homol ogous recombination. Disruption mutants were found to grow in vitro like the respective wild type but
were unableto produce trichothecenes. The mutantsin comparison to the respective wild typesweretested on
wheat and barley aswdll as on maize for their ability to develop FHB or cob rot.

In wheet, despite the initid aggressiveness of the three different wild type isolates, dl the disruption mutants
showed abasd infectivity to the inoculated spikelet but were unable to spread into the entire head.

In contrast to that, in barley and maize, the mutants showed no visble difference from the wild types, dl were
fully aggressve.

Hence, for the firgt time it could clearly be shown that both trichothecenes, DON and NIV contribute in the
same amount to aggressiveness of F. graminearum to wheat. Furthermore, it could be demonstrated that the
trichothecenes bel ong to the host specific toxinswith avisble effect only to wheat and not to barley and maize.
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COMPARISON OF METHODS FOR DEVELOPING FUSARIUM
HEAD BLIGHT FORECASTING MODELS
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ABSTRACT

Fusarium head blight (FHB) is an important disease of wheat and barley east of the Rocky Mountains. A
forecasting system with 70% accuracy has been deployed; however, models with improved accuracy could
help producers manage the disease, as well as the associated mycotoxins. Our objective was to produce a
more accurate model for the prediction of FHB epidemicsinwheat. We defined epidemicswith athreshold of
10% of severity. New prediction models were devel oped using 124 cases that included hourly weether, crop
growth stage, disease leve, and a variable for corn resdue and whest type (winter/spring). The cases came
from the years 1982-2003 from 7 different states. The cases were divided into data sets used for model
development (n=86) and vdidation (n=38). Logigtic regresson, non-parametric discriminant anadys's, deci-

son tree models and neurd networks were compared for accuracy and other diagnostic criteria using both
modd development and vaidation data. Identified models used temperature, rdative humidity, rain, and corn
resdue to distinguish epidemics from non-epidemics. We identified models that had the greatest accuracy
without sacrificing sengtivity (percentage of correctly classfied epidemics) and specificity (percentage of cor-

rectly classified non-epidemics). Accuracy of al four modeing approaches was grester than 80% for both
mode development and vaidation data sets. Sengitivity and specificity of the selected models was aso close
and, in several cases, greater than 80%. Classfication trees and logigtic regresson mode s performed better
than the other methods evaluated. Moddswith ahigher level of complexity (with interactions) performed 2-5
percentage points better than modds composed of single terms.
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AWNS REDUCE FHB INFECTION IN NEAR ISOGENIC BOWMAN
BARLEY WITH DIFFERENT AWN LENGTHS
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ABSTRACT

Both 6-rowed and 2-rowed barley cultivars used for malting in the upper mid-west of the US have long awvns
about twice aslong as the spike and extending beyond the tip of the spike up to 1.5 timesthe spike length. In
addition, depending on cultivar, the awns can have a rough surface and vary from gppressed to dightly flared
around the spike. The awns can potentidly filter spores and gpplied fungicides from the air and reduce the
quantity of spores and fungicidesaighting onthe kernd if rain or dew doesnot later wash them down the awn.
Hyphae from spores that land on awns are unlikely to directly penetrate the very thick walled cdls of the awn
and growth down the awn toward the kernd and the developing embryo is likely to be inhibited by diurna
cydesin heat, light and humidity. The awvned character is smply inherited in barley and near-isogenic lines of
bowman barley that were fully awned, partially awned and awnless were supplied by Dr J Franckowiak a
NDSU. A factorid design experiment of the three near- isogenic barley lines and 3 fungicide treatments
(Folicur 290 ml hat, JAU 6476 415 ml ha't, water control) was conducted in an inoculated and mist irrigated
field Stein Fargo in 2004. The length of awns sgnificantly affected the percent fusarium head blight (FHB)
infection in the spikes (P<0.000) with the awnless line having 14.7 % infection compared to partiadly avned
5.0% and fully avned 4.4% lines. This result was congstent with preliminary experiments where a smilar
trend was seen when the partidly awned and awnless lines were compared. There was a Sgnificant effect of
fungicides on percent FHB infection in the spikes (P<0.02 ) with thefungicide JAU 6476 sgnificantly reducing
disease compared to the water control. None of the fungicides sgnificantly reduced deoxynivaenol (DON)
concentration. Therewasno satigticaly sgnificant awned character x fungicideinteraction which suggeststhat
under the conditions of this field experiment, awns did not influence the effectiveness of the fungicides.
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2004 FHB MONITORING FOR SPRING WHEAT IN SOUTH DAKQOTA
L. Oshorne” and J. Stein
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INTRODUCTION AND OBJECTIVES

Fusarium head blight (FHB) of wheat and barley,
caused by numerousFusarium species, but primarily
by Fusarium graminearum (teleomorph: Gibberella
Zeae) continues to occur a epidemic levels in some
regions of the U.S. and Canada and at sub-epidemic
levelsin many wheat growing aress in the centrd and
eagtern U.S. Recent advancementsin the forecasting
of FHB have been put forth for evaluation by the pub-
lic, and by researchersinkey FHB states. Collabora:
tors in South Dakota, North Dakota and Minnesota
(spring whest region) and dsoin Ohio, Indiana, Penn-
gylvania, and other winter wheet growing aress have
agreed to evduate the forecasting tools arising from
severd years of research under the U.S. Wheat and
Barley Scab Initiative (USWBS!). In South Dakota,
FHB, or scab, has been achronic threat to wheat pro-
duction in the northeastern part of the state, though it
has ds0 been found to occur at high level s throughout
the eastern half of the state under favorable condi-
tions. Producers and crop advisors in South Dakota
are very interested in a FHB-predictive system for
scheduling fungicide trestment, and making economic
decisons during the growing season. In 2002 and
2003, South Dakota State Universty (SDSU) ddliv-
ered a web-based risk advisory system for FHB in
the northeastern part of SD based on predictive mod-
esreleased by Ohio State University (De Wolf et d.
2003). 1n 2004, aweb-based forecasting system was
placed in service by Pennsylvania State University
(PSU) researchersin collaborationwiththe USWBSI.
The system was intended to incorporate most of the
FHB-affected aress in the US through the use of a
broad-based meteorologica system and newer FHB-
forecagting models. Daily forecast information could
be retrieved by accessing the internet site
(www.wheatscab.psu.edu). Thesystem providesrisk
information, wegther data, and multiple models (spring
whest, winter wheat, and winter whesat over cornresi-

due) in a graphicd interface. Wesather data is mod-
eled over a 20km grid, resulting in risk maps for any
of the participating Sates.

The objective of this research was to closaly monitor
whesat and FHB development throughout the north-
eastern part of South Dakota historically most affected
by FHB. The information collected by SDSU re-
searcherswould then serveto assessthe accuracy and
precison of the broad-based PSU system for pre-
dicting FHB on spring whesat in South Dakota. Thisis
aso part of alarger effort underway in severa dates
to further define the epidemiology of Fusarium heed
blight and validate FHB-forecagting syslemsfor spring
whest, winter whesat, and barley.

MATERIALSAND METHODS

Fied plots of soring whest (Triticum aestivum L.)
were established near Brookings, Redfield, Groton,
and Watertown in northeastern South Dakota. Plots
of ‘Norm'’, a FHB-susceptible spring wheat, were at
planted into spring whest variety tridsin large blocks
measuring 6.1m by 15.2m. Seven-day recording spore
samplerswere placed at each location dong with tem-
perature and humidity recording devices(datal oggers).
Each stewas|ocated in close proximity to SD Auto-
mated Weather Data Network (SDAWN) wesather
dations. Plots were planted into tilled fidlds previ-
oudy planted with soybeans (2003). At each loca
tion, wheat phenology was monitored to assess flow-
ering date and maturity. Near crop maturity, FHB
incidence (% of plants affected) and severity (% area
of spikes affected, on average, based on Stack and
McMullin, 1995) was noted . At harvest, several
samples of grain were collected a each location for
enumerdtion of Fusarium-damaged kerndls (FDK)
and for mycotoxin analyss to assess DON-contami-
nation. DON anaysis was performed & North Da-
kota State University Veterinary Diagnogtics Labora:
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tory usng Gas Chromatography — Electron Capture
techniques.

RESULTSAND DISCUSSION

Disease levels varied widdly across the region from
minor amounts (1-2% severity) to mgor epidemiclev-
elsinloca areas. The 2004 Brookings plots showed
the greatest level of disease, with 60% field severity
(for highly susceptiblevariety ‘Norm’). Development
of thediseasewaslater thanin previousyears. Weether
was very cool throughout much of the anthes's period
season, with warm weather coming later as seedsde-
veloped (Fig. 1). Scab was especidly severe at the
Brookings, Watertown, and Groton locations (Table
1). Redfidd had high incidence though overdl sever-

Table 1. Field Locations and Disease Data

ity was not high. Flowering dates, and disease data
areshowninTable 1. Inoculum data, aswell asDON
data were not available at the time this report was
written, and will be added at alater time.
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Location Variety Anthesis Date (DOY) Incidence (%)  Plot Severity
Watertown Norm June 25 (177) 70 10%

Groton Norm June 26 (178) 60 10%

Redfield Norm June 19 (171) 40 5%
Brookings Norm June 28 (180) 80 60%
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INOCULUM DISTRIBUTION AND TEMPORAL DYNAMICS
WITHIN THE SPRING WHEAT CANOPY
L. Oshorne” and J. Stein
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OBJECTIVES

Theobjective of thisresearchisto quantify theamount
of Fusarium head blight inoculum onleavesand head
tissues within the wheet canopy in order to define the
verticd spatid variability and tempord dynamics of
FHB inoculum.

INTRODUCTION

Fusarium head blight (FHB) of wheat and barley can
be caused by severa speciesof Fusariumbut is pri-
marily caused by F. graminearum (teleomorph:
Gibberella zeae). The diseaseisthought to be prima:
rily initiated by ascospores of the sexud form of the
fungus. Whest is most susceptible to infection during
anthesis. Perithecia of the fungus develop near the sol
surface on infected crop residues such as corn stak
tissues and smal grains straw. The ascospores are
forcibly gected from perithecia, but their fate is not
certain. Itisbelieved that most infection takes place
during areatively short period of time when thewhest
cropisflowering, and only if environmenta conditions
are adequate for fungad development. It is not well
understood how ascospores are deposited on sus-
ceptible spikes. In other words, the presence or ab-
sence of Fusarium-colonized residues benegth the
wheat canopy may belessimportant if there are other
mgor inoculum sources within the vicinity (and up-
wind) of the susceptible crop, and conditionsare highly
favorablefor inoculum devel opment and infection. Also,
FHB can beinitiated by asexual propagules (conidia)
as well as ascospores. Observations indicate that
epiphytic production of conidiais possble on wheet
leaves(S. Ali, pers.comm.). Previousresearch shows
that both ascospores and conidia are found on whesat
leaves throughout the canopy, and that abimodd dis-
tribution of ascospores on wheat leaves within the
canopy was present (i.e. higher concentrations a the

uppermost, and lowermost healthy leaves) (Osborne
et d., 2002) suggesting the importance of both lower
canopy (residue and leaves) and airborne propagules
(from distant or loca sources). This study expands
upon previous findingsto look a changesin inoculum
dengty on leaves and spikes over time as well asto
further examine the bimodal aspect of ascospore

deposition.
MATERIALSAND METHODS

Fied plots of spring whest (Triticum aestivum L.)
were established near Aurora, Redfield, Groton, and
Watertown in northeastern South Dakota. Plots of
‘Norm’, a FHB-susceptible spring wheat, were
planted into spring whest variety tridsin large blocks
measuring 6.1m by 15.2m. Seven-day recording spore
samplerswere placed at each location dong with tem-
peratureand humidity recording devices (data oggers).
Each ste waslocated in close proximity to SD Auto-
mated Weather Data Network (SDAWN) wesather
dations. Plots were planted into tilled fidds previ-
oudy planted with soybeans (2003).

Spore enumeration

Each location was sample four times, a 6 to 8 day
intervals. For each sampling event, Sx sampleswere
collected conggting of five primary tiller slems with
leaves. In the laboratory, each sample was dissected
into the following components (subsamples): spike (if
emerged), flag leaf, second leaf from the top (flag-1),
and the fourth leaf from the top, (flag-3). All corre-
sponding components from a sample were combined
and placed into a 250ml Erlenmeyer flask, with 50ml
of delonized water + Tween80 nonionic surfactant
(0.05% v/v). Subsamples were shaken at 300 rpm
for five minutes to didodge spores, then the leaves
werediscarded, and the resulting suspension was cen-
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trifuged for seven minutes at full speed in abench-top
clinica centrifuge. The supernatant was discarded,
and the pellet re-suspended into 15ml of deionized
water, and centrifuged again for five minutes a full
gpeed. The supernatant was decanted to leave 3.0ml
remaning in the tube. The pellet was then re-sus-
pended and two 1.5ml aliquots were placed into
Eppendorf tubes. Glycerin was added to one of the
aiquotsto make up 10% v/v. The tube was then kept
at —20°C until microscopic evaduation could be per-
formed. The second aiquot was plated onto each of
three plates of Komada's Fusarium-sdective agar
(500ul per plate). Plateswere placed into 23°Cincu-
bators with 12hr dark/12hr light cycles and alowed
to develop for 5-6 days. Plates were examined for
Fusarium graminearum type colonies, which were
counted and recorded. The second (frozen) aiquot
was examined microscopically. Fusarium
graminearum conidia and the ascospores of the
teleomorph G. zeae were counted under 400x magni-
fication, usng a hemacytometer/cdl counting cham-
ber. Anayss of variance was performed on tota in-
oculum countsfor each location across sampling dates
and plant components.

RESULTSAND DISCUSSION

Across dl locations, inoculum levels were generdly
highest on lower leaves (up to over 4000 CFU per
leaf), and no bimoda digtribution was obvious with
respect to colony forming units (CFU) on leaves, which

iscontrary to earlier results. Figures 1-4 represent the
mean leves of inoculum dengity on plant tissueswithin
the canopy for four locations in 2004. There were
greater numbers of CFU on spikesthan on flag leaves
a the later samplings which is likely a result of
Fusarium colonization and reproduction, often evi-
dent on spikes in the form of sporodochia. The colo-
nization of the flag leef is intereding in that this may
serve as asource of inoculum for spikes during anthe-
ss. Spring whest often flowers at or soon after spike
emergence, prior to elongation of theculmtissue. This
positions the susceptible spike tissue in close proxim-
ity to spore-laden flag leaves. If heavy dew or ran-
gplash conditions were present, it is quite likely that
conidid or ascospore inoculum is trandferred to the
spike. If suchinoculation occursfrequently, then spore
surviva and digtribution information would be critica
to fully understanding the epidemiology of FHB on
wheat and other grains.

Microscopic counts of conidia and ascospores were
incomplete at the time of manuscript preparation there-
fore they are not addressed at thistime.
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Figure 1. Inoculum estimates for four locations in 2004.

Each graph represents four sampling times, and four plant components (spike, flag leaf, flag leaf-1, and flag leaf-3
(usually the lowermost healthy leaf). Values represent all Fusarium graminearum type colonies on Komada’'s medium.
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ABSTRACT

This study was designed to document the spread of propagules of Gibberella zeae, causd agent of Fusarium
head blight of whegt, from an area source of inoculum located at the corner of whegt plots (58 n¥) during the
2004 growing season. Maize kernds were infested with amixture of severd isolatesof G. zeae and placeson
the soil surfacein acleared area (1.5 x 1.5 m) a the southwestern corner (downwind) of each plot. Samples
of wheat spikes and rain splash were collected at 1.5-m intervals at four points in three directions (north,
northeast, and east) from the source of inoculum. Rain splash was collected using sheltered rain gauges placed
at 30 and 100 cm above the soil surface. Whesat spikes were collected and washed in sterile distilled water to
remove spores. Aliquots of splashed rain and spike wash solutions were transferred to petri plates containing
Komada s selective medium, and G. zeae was identified based on colony and spore morphology. Colony
forming units (CFUs) per milliliter of splashed rain and CFUs per spike were used as a measure of spore
dispersa. Based on theresults of this study, sporeswere recovered from rain splash and wheset spikes at every
distance and direction from the source of inoculum, however, their abundance decreased with increasing
distance from the source. The mean number of CFU per spike decreased from 42 to 28 as distance increased
from 0.30 t0 4.80 m. Smilarly, averaging across sampler height, direction, and rain event, the mean number of
CFUs per milliliter of splashed rain decreased from 8.8 to 1.5 as distance increased from 0.30 to 4.80 m. Log
transformed distance (L D), height, and theinteraction between LD and height sgnificantly affected the number
of gpores recovered from splash samplers. Log-transformed distance from the source of inoculum aso had a
sgnificant effect on the mean number of sporesrecovered from wheat spikes and mean disease severity. Mean
disease severity decreased from 17 to 11% as distance increased from 0.30 to 4.80 m. Direction had no
sgnificant effect on spore dispersal and diseaseintendty. Further investigation of these rdationshipswould help
usto determine how important awithin-field source of inoculum isin an areawith background inoculum dengty
and would reved how influentid rainfdl intengty is on the amount of inoculum dispersed and the distance
traveled from the source.
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OBJECTIVES

The objectives of this study wereto determinethere-
lationship between wegther variables and the abun-
danceof inoculum of Gibberella zeae on whesat spikes
and to develop modds describing this relationship.
Ultimately, we hope to use inoculum density asanin-
dicator of potentia risk of FHB epidemics and incor-
porate this information into an existing FHB risk as-
sessment modd.

INTRODUCTION

Fusarium heed blight (FHB) of whest is caused pre-
dominantly by Gibberella zeae (Schwein.) Petch
(anamorph: Fusarium graminearum Schwabe) in
North America. The increased intengity of FHB has
been attributed to the widespread adoption of mini-
mum tillage, a practice which favorsthe survivd of G.
Zeae between growing seasons. Spores produced in
the resdue are disseminated to the spikes, causing
severe blighting under favorable weather conditions.
Knowledge of the relationship between the amount of
inoculum of G. zeae on wheat spikes and FHB inten-
gty isimportant for understanding the contribution of
different sources of inoculum to the development of
this diseese. The results of severa inoculation studies
conducted under controlled conditions demonstrated
that there is a direct raionship between inoculum
dose and FHB development (Andersen, 1948, Bal,
1995, Fauzi and Paulitz, 1994). According to Bai
(1995), asthe number of spores of G. zeae per floret
increased, incubation period decreased, and FHB in-
cidence increased. Fauzi and Paulitz (1994) reported
that log spore concentration explained 91% of the
variation in arcane-transformed percentage of spike-
let diseased. For sporesto reach the spikes, they first

have to be produced, released, transported, and de-
posited. Severd weether variablesinfluence these pro-
CeSSES.

MATERIALSAND METHODS

Sample collection and species identification,
Samples of wheat spikeswere collected daily between
Feekes GS 10 and 11.2 during the 2000, 2001, 2002
and 2003 whesat growing seasonsin Indiana, Manitoba,
North Dakota, Ohio, and South Dakota. Each sample
consisted of 5 spikes collected at 11:00 am. Spikes
were washed in 50 ml gerile distilled water and an
diquot wastrandferred to replicate platesof Komadd' s
sl ective medium. Colonieswere grown at room tem-
perature for 1 wk under a 12-h photoperiod. Colony
forming units (CFUs) per plate were counted and cat-
egorized based on colony morphology. Sample colo-
nies of each type were transferred to potato dextrose
agar (PDA), carrot agar, and/or carnation leaf agar
for identification of Fusarium species (Nelson et d.
1983).

Weather monitoring and data organization. An
automated westher gtation (Campbell Scientific Inc.,
Mode CR10X, Provo, UT) was deployed to record
temperature (degree Celsus), rainfdl (mm), surface
wetness (kilo-ohmsof electrical resstance, converted
toanomind scae[dry or wet]), relative humidity (per-
centage), wind speed (m s'), wind direction (degrees),
and solar radiation (KJ m?s?) a 30-min intervals.
Rainfal amountswererecorded using a Tipping Bucket
Rain Gauge (Modd TE525WS, Campbell Scientific
Inc., Provo, UT) witha20-cm-diameter collector and
a0.25-mm resolution. The datawere edited to gener-
ateaverage, maximum, minimum, and cumulative hours
for each variable for 1-, 5-, and 7-day periods prior
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to the dates sampleswere collected. To avoid discon-
tinuity in high-RH and surface wetness periods, aday
was defined as a 24-h period beginning and ending at
1200 h (noon). For each period, the following vari-
ableswere generated: i). hours of temperature > 9°C,
ii). hours of temperature between 15 and 30°C, iii).
hours of RH between 75 and 90%, iv). hours of RH >
90%, v) hours of RH >95%, and vi.) hours of coinci-
denceof various combinations of temperatureand RH
withinthe aforementioned ranges. Theevariableswere
generated for 24-h, daily (600 to 1800h), and nightly
(1800 to 600h) periods.

Data analysis. A tota of 287 observationswere col-
lected. Head wash spore count was expressed as
CFU/head and log transformed (log[ CFU+1]) to sta
bilize variances. Corrdation andysis was performed
using PROC CORR of SAS (SAS, Cary, NC). For
each sample date, rainfal intengity and duration from
the previous day were used.

RESULTSAND DISCUSSI ON

Variables summarized for consecutive 5- and 7-day
periods prior to the day sampleswere collected were
more strongly corrdated with the log of CFU/head
than variables summarized for the 24 h prior to sam-
pling. Average nighttime canopy temperature (°C) for
thelast 7 days prior to sampling (AVNCT?7), average
nighttime relative humidity (%o) of the ar for thelast 7
days prior to sampling (AVNARH7), surfacewetness
duration (h) for the last 5 days prior to sampling
(WD5), average wind speed (nV/s) for the last 7 days
prior to sampling (AVWS7), number of hours with
both air temperature > C and rdative humidity >
95% for thelast 7 daysprior to sampling (ATORH957),
and rainfdl intendty for the day prior to sampling had
the highest correlationswith thelog of CFU/head (Fig
1). This probably reflects the fact that extended peri-
ods of high moisture conditions (Dufault et d., 2002)
and temperatures between 15 and 28°C (Tschanz et
al., 1976) are necessary for the production of as-
cospores of G. zeae. Ascospore discharge occurs
during periods of high relative humidity (Ayerset d.,
1975, Paulitz, 1996) and temperatures between 11
and 30°C (Paulitz, 1996). Reported associations be-
tween rainfal events 1-4 days before spore sampling

and inoculum density (De Wolf et d. 2001, Frand, et
a. 1999, Rosd, 2002), and the results of splash dis-
persd studies (Paul et d., 2004) suggest that rainfall
playsakey roleinthedispersd of inoculum of G. zeae.
Although spore morphol ogy and spore sampling Sudies
indicate that spores are also wind-disseminated
(Paulitz, 1996), the results of this study showed that
wind speed was negatively corrdated with the log of
CFU<shead (Fig. 1). Even though spores are wind-
blown, they may not be deposited on whesat spikes if
the conditions are not favorable. High wind speeds
are probably unfavorable for spore deposition. Only
asmdl fraction of the spores in the ar may actudly
reach the infection court. Burkard spore counts (air-
borne spores) are not dways corrdated with head
wash gpore counts (De Wolf et a. 2001, Osborne,
2000, Paul et a. 2003, Shaner and Buechley 2000).
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Figure 1. Scatter plots depicting the relationship between log-transformed CFU/spike
and AVNCT = average nighttime wheat canopy temperature (°C) (A); AVNARH =
average nighttime air relative humidity (%) (B); WD = surface wetness duration (h) (C);
average wind speed (m/s) (D); number of hours with both air temperature > 9°C and
relative humidity > 95% (ATO9RH95) (E); and rainfall intensity (mm/h) (F) for the day
prior to the date samples were collected. Temperature, relative humidity, and wetness
variablesarefor 5 or 7 day periods prior to the date samples were collected. The
correlation coefficients (r) and their corresponding probability values are indicated above
each plot.
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ABSTRACT

Fusarium head blight (FHB) of whest and barley has been asporadic diseasein Uruguay inthe past. However,
its occurrence has increased over the last decade, with epidemics occurring in 2001 and 2002. Fusarium
graminearum is the main species causng FHB in both crops. However, there has not been a systematic
survey of Fusarium species present in whest and barley grains in different cultivars, locations, and years.
Grain samples (0.2 kg) were collected in 2001 and 2002 from regiona cultivar evauetion trias. Five barley
and four whest cultivars that account for the bulk of the commerciad production in different environments
(locationsand planting dates) weretested each year. M ean percentage of whest grains colonization by Fusarium
Spp. was 32% in 2001 and 51% in 2002. Colonization of barley grain was 31% and 18% for 2001 and 2002,
respectively. The grestest percentage of Fusarium-colonized grains and highest deoxynivaenol (DON) con-
tent occurred in the more FHB-susceptible cultivars. F graminearum was the most frequently recovered
gpecies both years in both crops from dl cultivars and dl environments. F. graminearum represented 77%
and 60% of al Fusarium speciesisolated in wheat grainsin 2001 and 2002, respectively and 65% and 51%
in barley grainsin 2001 and 2002, respectively. Other speciesrecovered in wheet grainswere: F. avenaceum
(10.8%, 2001; 16.6%, 2002), F. culmorum (5.7%; 4.2%), F. poae (3.9%; 9.8%), and F. equiseti (2.8%;
0.9%). F. acuminatum (2.1%) and F. trincictum (5.9%) were only recovered from whest in 2002. Fusarium
species recovered in barley grains included F. poae (17.2%, 2001; 29.4%, 2002), F. avenaceum (2.7%;
5%), F. equiseti (11.6%; 5.8%), F. sambucinum (1%6;1.2%), and F. trincictum (1.2%;1.8%). F. semitectum
(1.2%), F. chlamydosporum (2.2%) were only recovered from barley in 2002. All species were pathogenic
on whegat and barley in inoculation tests in the greenhouse, except F. semitectum on whest. Greater levels of
FHB severity and FHB incidence on wheat and barley spikes were obtained with the F. graminearum iso-
lates, followed by F. avenaceum and F. poae. Data from this study raises the concern of presence of other
mycotoxins different from DON in wheat and barley grains.
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OBJECTIVES

To quantify Gibberella zeae surviva and inoculum
production on some gramineous and non-gramineous
residues commonly present in the Uruguayan produc-
tion systems

INTRODUCTION

Fusarium head blight (FHB) has become one of the
most devadtating diseases of whest and barley in the
southern cone of South America. Particularly, in Uru-
guay its occurrence has increased in the last decade
with moderate to severe outbreaks every two years
(Pereyra and Diaz de Ackermann, 2003). The main
pathogen associated with FHB of wheet and barley in
Uruguay is Fusarium graminearum Schwabe [per-
fect sage Gibberdla zeae (Schwein.) Petch] (Boasso,
1961; Pritsch, 1995; Pereyra and Stewart, 2001).
Fusarium graminearum is cgpable of surviving on
host residues, including corn, wheet, barley, numer-
ous other grasses (Sutton, 1982; Reis, 1988; Pereyra
et al., 2004), and non-gramineous species (Fernandez
and Fernandes, 1990; Fernandez, 1991; Bairdet al .,
1997).

Whest, barley, and corn residues have long been re-
garded as the mgor source of primary inoculum
(Sutton, 1982; Shaner, 2003). Since FHB has prima:
rily been regarded as amonocyclic disease, the quan-
tity of primary inoculum is related to the amount of
crop residue on the soil surface (Dill-Macky and Jones,
2000). The increased use of soil conservation prac-
tices in Uruguay since 1992 (MGAP-DIEA, 2000)
and the unknown contribution of some pasture spe-
cies, common weeds, and crop residues as sources of

inoculum, raise questions about the ecology and epi-
demiology of F. graminearum in the prevaent crop
rotations and tillage practices.

No effort has focused on the cultura management,
epecidly as it pertains to managing infected residue
from the previous crop. Establishing effective drate-
giesto manage F. graminearum infected residue re-
quires an understanding of the role of crop resdues
and the presence of gramineous species in the build
up, survival, and production of F. graminearum in-
oculum. Further studies are needed to identify those
agronomic practices that may aid in reducing inocu-
lum pressure in the Uruguayan production systems.

MATERIALSAND METHODS

A fidd stewassdected a INIA LaEgstanzuda(INIA,
Nationd Indtitutefor Agricultural Research, Uruguay)
on aclay-loamy, horizon B texturd soil. Experimenta
plots were established in 1996. Treatments consisted
of combinationsof two tillage trestments (reduced till-
age and no-till) and two crop rotations (continuous
agriculture; oats-corn/barley-sunflower/whest, and
crop-pasture rotation: oats-corn/barley-sunflower/
whest/dfdfa for three years) in a randomized com-
plete block design (RCBD) with three replicates in
time. Reduced tillage conssted of verticd tillage with
chisal plow or eccentric (off-set) disc harrow. No-till
plots were seeded with adirect drill.

Resdue was sampled every three months from Feb-
ruary 2001 to March 2003 for determination of amount
of each type of residue on the soil surface and coloni-
zation of resdue by G. zeae. Every sx months, G.
zeae and other Fusarium specieswereidentified and
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the inoculum production of G. zeae was assessed.
Residue was collected from five arbitrarily sdected
quadrats (0.50 X 0.50 m) in each plot. Collected resi-
due from each quadrat was air dried at 25-30°C for
24 hrs. Residue was separated visudly into previous
crops and each type of residue was weighted sepa-
rately.

Each type of residue collected in each quadrat was
evaduated for G. zeae colonization and inoculum pro-
duction. G. zeae colonization was assessed on stem
pieces, each 1.5-2 cm long, including a node in the
case of gramineous species. Stem pieces from each
resdue type was assessed with a maximum of 30
pieces assessed. Stem pieceswere surface disinfected,
placed on pentachloronitrobenzene (PCNB) agar
medium, and incubated a 20-22°C with 12 hr light
per day for seven days. Coloniesgrowing with salmon
to pink-white mycelium were recorded as Fusarium
spp. G. zeae colonies were determined by transfer-
ring 10 arbitrarily sdected Fusarium colonies per
sampleto carnation-lesf piece agar (CLA) and PDA.
Cultures were incubated at 20-22°C with 12 hr light
per day for 10 days. Perithecia formation indicated
the presence of G. zeae isolates. Fusarium colonies
not forming peritheciawereidentified to speciesevery
other sampling date, according to the procedures of
Nelson et al. (1983) and Burgess et al. (1994).

Ascospores production of G. zeae was determined
on auniform weight of residue pieces that comprised
nodes for whest, barley, corn, and gramineous weeds
residues, stem piecesfor sunflower and corn residue.
Residue pieces were surface disinfected and placed
on gerile sand moistened with digtilled water in plastic
containers. To facilitate perithecia development, res-
due was kept moist and incubated at 20-22°C with
12 hr light per day for 21 days. Following incubation,
residue pieceswith mature peritheciawereplacedina
deriledidtilled water solution (dilution 1:20) and adrop
of Tween 20. Nodeswereleft in solution for 12 hours
to alow ascospore discharge and then vigorousy
shaken for ten minutes. Threediquotsof 0.02 ml were
obtained from each trestment and used to determine
ascospore concentration, expressed as ascospores
number per gram of resdue. Thenumber of ascospores
per square meter was cal cul ated based on the number

of ascospores produced per gram of residue and the
amount of each residue type per square meter ex-
pressed as a mean of five quadrats.

Residue colonization and ascospore production data
was subjected to analysis by generdized linear mod-
els (SAS procedure GENMOD) (SAS Indtitute Inc.,
Cary, NC). Results are presented as the likelihood
ratio Satigtics of chi-square distribution.

RESULTSAND DISCUSSION

Recovery of G. zeae from dl cered crop resdues
decreased with resdue age (Figure 1). Wheat and
barley resdues had sgnificantly (P=0.0001) higher
levelsof G. zeae colonization than corn resdue, grami-
neous weeds Qigitaria sanguinalis, Cynodon
dactylon, Loliummultiflorum, and Setaria p.), fes-
cue (gramineous pasture component: Festuca
arundinacea), and sunflower resdue (Figure 2). For-
age legumes resdues (legume pasture components.
Birdsfoot trefoil Lotus cor niculatus, white clover Tri-
folium repens) were not colonized by G. zeae.

Corn residue could be recovered until four years after
harvest and was Hill colonized by G. zeae indicating
that it remains ahost for alonger period of time com-
pared to wheat and barley residue, probably associ-
ated to its dower decompodition rate. The lower lev-
elsof colonization in corn resdue (Figure 2) could be
explained by the fact that it isasummer crop and the
most susceptible period for corn infection usualy oc-
curs under unfavorable environmental conditions
(moisture deficiency).

Sunflower residue can be asubdtrate for G. zeae sur-
viva. To our knowledgethisisthefirg report indicat-
ing that sunflower resdue may host G. zeae. How-
ever, G. zeae colonized sunflower resdue a sgnifi-
cantly lower levels compared to cered crop resdues
(<10% of residue pieces colonized by G. zeae) and it
could only berecoveredin 1-yr old residue (Figure?).

No-till barley and gramineousweedsresidueshad Sg-
nificantly higher G. zeae colonization (P=0.0001) than
resduein reduced tillage plots (Figure 2). No sgnifi-
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cant differences were found on the other residues,
except for pecific sampling dates.

Gibberella zeae was the main Fusarium speciesre-
covered from wheat and barley resdues during the
firs monthsafter harvest (data not presented). Other
Fusarium species with higher saprophytic competi-
tive ability (in order of importance, F. avenaceum, F.
equiseti, F. acuminatum, F. sambucinum, F.
culmorum, F. trincictum, F. sporotrichioides, F.
oxysporum, and F. solani) increased as G. zeae de-
creased as a proportion of the population over time.
The main species recovered in corn resdue was F.
verticillioides. Gibberella zeaewasrarely recovered
from sunflower resdue. The Fusarium speciescom-
monly recovered from gramineous weeds were F.
equiseti, F. avenaceum, F. poae, F. oxysporum,and
F. solani.

Cered resdues sgnificantly (P=0.0001) contributed
more inoculum per unit area than gramineous weeds.
Inoculum contribution per unit areawas grester in 1-
yr old residues compared to >1yr old residues. When
comparisons were performed among cereal residues,
winter ceredsresdues (wheet and barley) sgnificantly
(P= 0.0001) produced more ascospores per square
meter compared to corn residue (2.44 x 10"6 and
0.33 x 10"6, respectively).

Even when at low levels, gramineous weeds had con-
tinuous ascospore production. Weeds with summer
growth habits (D. sanguinalis, C. dactylon, and Se-
taria §0.) that remain dry during winter and early oring
when whegat and barley flowering/heading occurs could
have an epidemiologicd role in the Uruguayan pro-
duction systems. Although G. zeae can colonize sun-
flower residue, no ascospore production wasrecorded
on this subdtrate.

Information from this sudy may aid growers when
deciding the crop sequences in their production sys-
tems.
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Figure 1. Percentage of wheat nodes from which G. zeae was recovered in different
residue age and tillage systems from February 2001 to March 2003 (RT: reduced tillage;
NT: no till). Values are mean percentages of all residue pieces sampled.
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Figure 2. Mean Gibberella zeae colonization of different residue types, residue age, and tillage
systems from February 2001 to March 2003.Va ues are mean percentages of all residue pieces
sampled. Values with different letters are significantly different at P=0.0001 based on likelihood
ratio statistics. Fes.: Fescue, G.w.: gramineous weeds, n.r.: No residue recovered. NT1: residue
under no-tillage and 365 days old or less; NT2: residue under no-tillage and 365 days old or
more; RT1: residue under reduced tillage and 365 days old or less; RT2: residue under reduced
tillage and 365 days old or more. Wheat and barley crops harvested in December each year.
Sunflower and corn crops harvested in March/April each year.
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FUSARIUM GRAMINEARUM IN BARLEY (HORDEUM
VULGARE) SPIKE TISSUES
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2ARS-USDA, Cereal Crop Research Unit, Fargo ND, USA
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ABSTRACT

Our godl isto further characterizeinfection pathwaysin barley spikesand to analyze whether and how infection
patterns are affected in both widely used wild types and transgenic resistance sources. Here, we present

evidence of infection pathwaysin cv Conlon (susceptible) using the previoudy reported GFP-expressng GZT501
F. graminearum strain and visualizing its green fluorescence with a stereoscope, an epifluoresence and a
confoca microscope.  Locdized inoculations with very low concentration conidid suspensions were per-

formed both ex planta and in planta. Detached palea, lemmaand kernds placed on 0.7% water agar plates
wereinoculated with 2 il drops containing 5-20 conidiaon ether adaxia or abaxia faces (paea, lemma), and

dorsal or ventral faces (kerndls). After 48 h at 21°C, the presence/absence of fungal colonies was assessed.

In planta inoculation was performed by depositing 2 (il drops containing ca. 5 conidiaon the tip of individua

florets, within the space defined by the brush hair region of the kerndl and the adaxid faces of both paleaand

lemma tips a early dough stages. Spikes were then covered for two days with a plastic bag. Inoculated
pikelets were sampled at 6 days after inoculation (dai). All experiments included a water-inoculation treat-

ment asacontrol. Funga colonieswere more frequent on adaxid inoculated than abaxid inoculated paleas (9/
9vs. 4/10) and lemmas (7/10 vs. 3/10). In al cases, colonies conssted of sparse superficia hyphae. At 2 dai

ex planta, no evidence of fungd penetration and invason was observed in cross-sectioned tissues. Con-

versdy, fungd colonies were frequent in both ventral (12/15) and dorsa (10/15) inoculated detached kernels.

Abundant intercellular hyphae were readily observed within pericarp cdlls of cross sectioned kernds. At 6 dai

in planta, fluorescence waslocalized at the upper two thirds of the inoculated spikelet and closely associated
with discoloration of paea, lemmaand kernel. Very few superficid hyphae were observed on the abaxid faces
of lemmasand paeas. Little or no discoloration or fluorescent hyphae were observed in associated glumesand

adjacent empty spikelets and rachilla. However, severa fluorescent hyphae emerging from the infected floret
tip sarted colonizing the spikelet immediately above as wdl as adjacent green tissues, including glumes and

empty spikeets. Mog of the macroscopically observed fluorescence resulted from dense superficia mycdia
growing in the space between the pericarp and the adaxid surface of the paleaand lemma. Fungd penetration
and intraand intercellular invasion was observed in both paleaand lemma cross-sections from the adaxid thin
cdl wall epidermis and parenchyma towards the abaxia thick cdl wal parenchyma Kernd cross-sections
showed massve intercelular hyphae dong pericarp epidermis and parenchyma and cross-cdll layers. Our

preliminary results show that invasion of pericarp occurred earlier and more abundantly than lemmeas and

paess, and that adaxid surfaces of palea and lemma are the candidate primary Stes of invasion in these
tissues. These findings support a modd in which early funga development occurs towards the inside of the
kernd, then towardsthe kernel surface generating adense mass of mycelia, which in close contact with adaxid

surfaces of the paleas and lemmas may start second wave of invason. A third wave may occur when running
hyphae start exploring adjacent green tissuesin the spikes. In accordance with these results, we will target the
monitoring of early invason at the upper pericarp tissue and at the adaxid faces of the lemmas and paess.
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DYNAMIC SIMULATION OF FUSARIUM HEAD BLIGHT EPIDEMICS
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OBJECTIVES

To develop a dynamic modd smulating the risk for
both FHB infection and mycotoxin accumuletion in
whesat kernels.

INTRODUCTION

Fusarium head blight (FHB) is caused by severd
fungd species (Parry et al., 1995); in Itdy, the most
common species are F. graminearum Schwabe, F.
avenaceum (Fr.) Sacc., F. culmorum (W.G. Smith)
Sacc, and Microdochium nivale (Fr.) Samuels et
Hallet. Though FHB is a potentidly destructive dis-
ease, its severity varies gredtly in different years and
locations, being gtrictly dependent on the epidemio-
logica conditions. Accumulation of mycotoxins in
kernels produced by the infected headsis one of the
main problem caused by FHB. Both type and quan-
tity of mycotoxin depends on the prevaence of fungi
involved in the disease, on the time a which spike
infection occurs, and on the environmenta conditions
between infection and harvesting. Because of the de-
pendence of FHB epidemicson awet and warm grow-
ing season, and the relatively short period of suscep-
tibility of headsto infection, it would appesr that FHB
could beforecast (Parry et al., 1995).

McMullen et d. (1997) stressed the need of a dis
ease prediction system for improving crop protection
againg FHB. Modd's have been developed to pre-
dict diseaseincidence (M oschini and Fortugno, 1996)
or the deoxynivaenol content in kernels (Hooker et
a., 2002), based on the regression andysis of field
collected data. Since advantages of dynamic mecha
nitic modelsversusempiricd moddsinsmulating or
predicting the development of plant disease epidem-
ics have been demongtrated, a research work aimed
a collecting information about the reationships be-
tween environmental conditions, host growth and the

infection stages of FHB epidemics was carried out,
and adynamic smulation modd was developed usng
thisinformetion.

MATERIALSAND METHODS

Model development - The “systems analysis”
(Leffdlaar & Ferrari, 1989) wasused to drawn ardla
tiond diagram for FHB epidemics as a first sep in
model development (Ross et d., 1993). State vari-
ables were defined as the status of the pathogen at a
given moment; a flow from one date varidble to an-
other was aso determined. Rate variables were de-
fined astherate of change of the statevariablesintime
as afunction of some driving variables, as congtants
or parametersinfluencing theratevariables. Ratesvari-
ables were then expressed as mathematical equations
accounting for ther relationships with influencing me-
teorological or host parameters.

Equationswere devel oped usng data collected in both
environment controlled experiments or in experimen-
ta fidds. The following aspects were investigated: i)
influence of temperature and humidity on spore yidd;
i) influence of weather on spore dispersal and depo-
gtion; iii) influence of temperature, wetness duration,
relative humidity and host growth stage on spore ger-
mination and infection; iv) influence of temperaure,
available water and ripe stage of kerndls on fungd
growth and mycotoxin (deoxynivalenol and zeerdenon)
production. Details of these experiments were pub-
lished elsewhere (Ross et d., 2000a, 2000, 20023,
2002b, 2003). The model was then developed by
combining rates according to the relaiond diagram.

Model validation - Vdidation was performed by
using field datanot used for model development. FHB
epidemics (expressed as disease intengty, incidence
of infected kernd's and mycotoxin content of kernels)
developed under different epidemiologica conditions

494



Pathog_;en&ei s, Epidemiol ogy, and Disease Forecasti ng

were compared with the model outputs; weather data
collected by standard meteorologica stations were
used as driving varidbles for the modd. Vdidations
were performed for athree-year period (2002 to 2004)
in different wheet-growing aress of Itdy, usng differ-
ent cultivars of bread (Triticum aestivum) and du-
rum (T. durum) whest.

RESULTSAND DISCUSSION

Model development - The rdationd diagram of the
modd isshown in Fg. 1.

Theinoculum sourceisthe mycdium indde basal wheat
organs or in cered sraw (MIS, Mycdium in Inocu-
lum Sources); the model assumes that MISis dways
present for al fungi (FS, Funga Species), inequa dose
Inoculum produced on sources (SIS, Spores on In-
oculum Sources) dependson asporulationrate (SPO),
while the amount of spores reaching the head tissues
(SHS, Sporeson Head Surface) isregulated by adis-
persa rate (DIS). An infection rate (INF) accounts
for the proportion of the head tissue affected (HTI,
Head Tissuelnfected). At theend of incubation (INC),
FHB symptoms gppear on spikes(SHT, Scab on Head
Tissue); fungd invasion of head tissues (HIH, Hyphae
Invading Head tissue) and mycotoxin production
(MAH, Mycotoxin Accumulation on Heeds) areregu-
lated by invasion (INV) and mycotoxin accumulation
(MAC) rates. Rates are regulated by air temperature
(T), rdative humidity (RH), rainfdl (R), sequences of
rany days (DAR), wetness duration (W), and free
water ingde the hot tissue (a,); fungal species (FS)
and the host growth stage (GS) are dso considered.
Equations rdating these variables to SPO, DIS, INF,
INV and MAC were published elsawhere (Ross et
al., 2000a, 2000, 2002a, 2002b, 2003).

Indexes for head infection mycotoxin production in
affected kernels, named FHB-risk and TOX-risk, are
cadculated daily for four pathogenic species and for
two mycotoxin producing species (F. graminearum
and F. culmorum), and accumulated over the grow-
ing season until harvesting (Fig. 2).

Model validation - Vaidation showed a general
agreement between mode smulationsand actud FHB
epidemicsgrown under different epidemiologica con-
ditions. The FHB-risk index was sgnificantly corre-
lated with both disease intensty and incidence of in-
fected kernels.

InFig. 3the FHB-risk index for F. graminearumwas
compared with the proportion of kerndl infected by
the fungus. when the index was lower than 0.4 no
measurable infection occurred, while kernd infection
increased linearly as the index increased.

In Fig. 4 the TOX-risk for F. graminearum and F.
culmorum was compared with the actua DON ac-
cumulated in kerndls, showing acloserelationship be-
tween smulated and actua mycotoxins.

Thiswork demondratesthat the“ sysemsanayss’ is
an usgful tool for developing mechanistic dynamic
modds for mycotoxin producing Fusaria on whest;
this approach can improve smulations of the epidem-
ics caused by these fungi compared to an empirica
approach based on the regresson andysis of fied
collected data
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OBJECTIVES

To determine the weight of cropping practices on the
presence of Fusarium mycaotoxins (deoxynivaenadl,
DON, and zearalenon, ZEN) in whesat kernels under
farm conditions.

INTRODUCTION

Fusarium head blight (FHB) is a serious disease of
ceredsin many areas of theworld, caused by severd
fungdl species (Parry et al., 1995). Under favourable
conditions, they cause severe epidemics, heavy yidd
losses and reduce grain quality due to the presence of
mycotoxinsMcMullen et d., 1997). Mycotoxin con-
tamination occured mainly inthefield (Snijders, 1990,
Bottalico and Perrone, 2002). Field contamination
depends on environmentd factors and cultura prac-
tices favouring the development of toxigenic Fusaria,
as wel as the level of resstance of the hogt veriety.
Rotation intervals between host crops, land prepara-
tion, useof fertilizers, irrigation, and weed control have
been listed as influencing factors (Parry et d., 1995).

To determinetheweight of the cultura practicesinthe
wheat cropping regimes used in the Povaley (north-
ern Itay), data on the content of DON and ZEN in
harvested kernel swere collected in 907 crops, in 2002
and 2003, and andysed on the basis of the cultura
information collected for each crop using multivariate
datistica techniques.

MATERIALSAND METHODS

In 2002 and 2003, representative farmswere selected
in severd didricts of the Po Valey and winter-sown

commercid fields of bread wheat, durum whest and
barley were monitored during the wheat-growing sea
son to collect data on culturd practices, wheat phe-
nology, and incidence of Fusarium heed blight. Kerndl
samples were taken from the mass discharged by the
threshing machine, following the rule 98/53 published
by the European Community. Sub-samples of 100 g
of kerneswere sdected and ground; 5 g of flour were
andysed for the presence of DON and ZEN using the
RIDASCREENA (R-Biopharm, Darmgtadt, D) kits
R5906 and R1401, respectively; these kits are based

On a competitive enzyme immunoassay.

To each farm was delivered an agronomic sheet to
record information about: variety, crop rotation, soil
preparation, fertilizer inputs (times and rates), weed
control, fungicide applications on seeds and on leaves
(times of application, active ingredients, rates). Each
sampled crop was identified by spatia coordinatesin
order to make possible a cartographic representation
of data. Information about the proportion of cultivated
land planted to susceptible crops was collected for
each didtrict.

Dataabout the cropping regimeswere grouped in cat-
egories, based on the hypothetic role on biology and
epidemiology of the FHB causing fungi. For instance,
the previous crops were grouped in five categories.
ceredls (wheset, barley, rice, corn, sorghum), grasses,
renewal crops (beet, sunflower, soybean, tomatoes,
efc.), vegetables and others (flowers, fruit orchards,
vineyards, etc.); the land preparations were grouped
in five categories: no tillage, minimum tillage, plough-
ing, ploughing and ripping, milling and other prepara-
tions with no clod upsetting. The same analysis was
performed on the phenological growth of whest,
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grouping crops on the basis of the period of flowering.
The whesat-growing-areas were aso grouped based
on the proportion of arable land area cropped to ce-
reals and on the geographica location.

DON and ZEN vaues were log-transformed, and
mean values were calculated for each category of the
cropping regimes. A cluster andysis was applied for
grouping categories in homogeneous groups of
muycotoxin content; groupswere sorted from the low-
ed to the highest vaue of mycotoxins and then codi-
fied (1 ton).

A sepwise discriminant analyss (DA) was gpplied to
the codified data-set. DA is based on data whose
group membership isknown (in this case, the class of
mycotoxin content) and is able to identify the vari-
ables that are important for distinguishing among the
groups and to develop linear equations, as combina
tions of the independent variables (i.e. the cropping
practices) for predicting group membership for new
cases whose mycotoxin content is unknown. Usudly,
the firg two discriminant functions (DF) accounting
for the highest percentage of totd variability are con-
Sdered. DA producesaso agraphic output called ‘ter-
ritorid map’ which represents the boundaries of the
groups and in each group area are included the com-
binations of DF vaues that result in the classfication
of new casesinto the groups. DA results are summa:
rized in a table where the diagond dements are the
number of cases correctly classified into groups, other
cells contain the number of misclassfied cases. This
table represents an evauation of the degree of reli-
ability of the DF in classfying casesinto groups.

The discriminant functions and the territoria map ob-
tained for bread wheat were used to classify cases of
durum whegat and barley into the three groups of myc-
otoxin content.

RESULTSAND DISCUSSION

In 2002 and 2003, 742 samples of bread wheat were
collected in aggregate (476 in 2002 and 266 in 2003),
65 of durum whest (49 in 2002 and 16 in 2003) and
100 of barley (73 in 2002 and 27 in 2003); a few
caseswere discarded because of anincompleteinfor-

mation set. The collected samples came from 9 dis-
tricts of the Po Vdley and belonged to 18 different
varieties. DON ranged between 0 and 13000 ppb in
bread whest, between 0 and 6200 ppb in durumwhesat
and between 0 and 5400 ppb in barley. Highest val-
ues were detected in 2002 which was wet and warm
during the period of host susceptibility, while in 2003
the season was particularly dry. ZEN waslow in 2002
and absent in 2003; for this reason, only DON was
consdered in the multivariate andysis of data. Three
classes of DON were considered to classify cropsin:
1) no measurable DON in kernels (detection limit 18.5
ppb, recovery rate > 80%); 2) low DON (>0 and
£500 ppb), 3), high DON (>500 ppb).

The stepwise DA sdlected the best set of independent
variables for the separation of cases (crops) into the
three groups of DON (no, low, high) for bread whest
and provided two functions, FD1 accounted for 97.6%
of the explained variability:

DF; = -11.194+3.160Y ear+ 1044 WGA+0.279CV+0.331PCH0.354'ST
DF; = -5.703-0.8305Y ear-0.212WGA+0556:CV+).74CPC+1.481:'ST

where: Y ear = year; WGA = wheat-growing area; CV
= cultivar; PC = previous crop; ST = sail tillage. All
the other variables were excluded from the andyss,
induding nitrogen fertilization, fungicidesand herbicides
and period of whest flowering.

Based on these two functions it was possible to cor-
rectly classfy 72% of tota cases (439 out of 613)
(Tab. 2). In 78 cases out of 613 (13%) the DON was
underestimated and in the 16% of casesit was over-
estimated. The most important variable for the sepa
ration of cropsinto DON groups wasthe year, with a
coefficient of +3.160 in DF; thiseffect was undoubt-
edly associated with wegther conditionsfavouring FHB
epidemics. The second important factor was WGA,
with a coefficient of +1.044 in DF,: both differences
in climatic conditions, due to the geography of the Po
Vdley that determines therma gradients from Eadt to
West and changes in humidity around the Po river,
and in the proportion of land area cropped to cereds
(between 14 and 46%) can explain therole of WGA.
Thethird factor was ST (il tillage), with coefficients
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of +0.354 in DF, and +1.481 in DF,, no-tillage and
minimum tillage being more conducive than ploughing
or milling, and than ploughing and ripping. The fourth
factor was PC (previous crop), with coefficients of
+0.331in DF, and +0.74in DF,, where cerealswere
the most conducive and vegetablestheless ones. The
lessimportant factor was the cultivar sown, probably
because the varieties actudly in use have alow to in-
termediate level of resstance to FHB.

The two functions make possible to assgn new cases
to groups of DON content calculating DF, and DF,
and placing the coordinates on the territorid map to
identify the group (Fig. 1). The map and the two DF
caculated for the bread whest data were used to as-

sgn casesof durumwhest and barley to thethree DON
content groups. For durum whest, 33 cases out of 52
(63%) were correctly classified, 17 cases were un-

derestimated and 2 overestimated. For barley, the81%
(48 out of 59) of cases was correctly assgned to the
DON groups, 5 cases were underestimated and 6
overestimated. Therefore, the relationship between
DON content and the influencing variables did not
change for the three ceredls.

Multivariate andyds discriminated the most important
factorsinfluencing the DON content in wheet and bar-

ley kernels and assgned aweight to each of them; this
andydswas sufficiently accurate since classified cor-
rectly 72% of cered crops (520 out of 724 in aggre-
gate). Theanaysisshowed that westher and geographi-
cd factors prevail over the cropping practices in de-
termining the level of DON contamination. Type of
land preparation and crop rotation were the only cul-
tura techniques adle of influencing sgnificantly the
DON content in kernels from commercia crops, ce-
red varietiesused in the Po Vdley had alower effect.
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Table 1. Variablesused in the multivariate statistical analysis, and average DON (In-
transformed) content in bread wheat kernels in the different classes.

Class
Parameter 1 > 3 2 5
Year 2003 2002
0.55 4.90
Wheat- 1st 2nd 3rd
growing area  0.97 4.08 5.73
Cultivar n=1* n=4 n=2 n=8 n=3
1.12 2.53 342 3.82 4.53
. Vegetables  Others Renewals or Ceredls
Previous crop g grasses
1.45 3.17 4.82 5.86
Ploughing Ploughing  Noor
Soil tillage andripping  or milling minimum tillage
3.12 5.01 6.64

*number of wheat cultivars in each class.
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Table2. Comparison between the actual classification of bread wheat crops on the basis
of DON and the classification estimated by the stepwise discriminate analysis (DA)
calculated using the variables listed in Table 1. Underlined values were classified
correctly.

DON DA estimated group
Actual group 1 2 3 Total
1No 222 40 11 273
2 Low 21 90 45 156
3 High 3 54 127 184
Total 246 184 183 613
6
4 el
2
£ o4
§ Group 1
O 2N
4 e e e e e e N\
-6 T 7
6 -4 -2

Discriminant Function 1

Figurel. Territorial map resulted from the stepwise discriminate
analysis. Group 1, no DON in kernels; Group 2, low DON; Group
3, high DON. Points on the map represent centroids.
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INCIDENCE OF FUSARIUM GRAMINEARUM IN PRE-HARVEST
AND OVERWINTERED RESIDUES OF WHEAT CULTIVARS
DIFFERING IN FUSARIUM HEAD BLIGHT-RESISTANCE
B. Sdasand R. Dill-Macky

University of Minnesota, Department of Plant Pathology, St. Paul, MN 55108, USA
*Corresponding Author: PH: 612-625-2227; E-mail: ruthdm@umn.edu

ABSTRACT

Cered resduesarethe principd reservoir of theinoculum of Fusariumgraminearum (Schwabe) [teleomorph:
Gibberella zeae Schw. (Petch)], the fungd organism that incites of Fusarium head blight (FHB or scab).
Despite the importance of crop resduesin the epidemiology of FHB, thereislittle information on the levels of
colonization of wheet by F. graminearum and other pathogenic Fusaria, either of plant tissues immediately
prior to the harvest or following the overwintering of crop residuesin thefield. In thisstudy the colonization of
9x wWhest cultivars immediately prior to harvest and of crop resdues eight months later were examined. Six
hard red spring whest cultivars (Wheaton, Norm, P2375, Ingot, BacUp, and Alsen), which differ intheir FHB
susceptibility, were planted in Rosemount, MN in May 2003. The experimenta desgn was a randomized
complete block with four replications. The plots were naturdly infected by F. graminearum. Twenty plants
were collected arbitrarily from each plot immediatdly prior to harvest (physiologica maturity) in August 2003.
Plots were not harvested, rather the plants were left in Stu over thewinter. Thirty plants which had overwin-
tered (spring residue) were arbitrarily collected in early April 2004. Plantswere stored at —20 Ctill processed.
The crowns, nodes, and kernds were excised from each plant with the identity of position of the node within
the canopy being preserved. Crowns and nodes segments were split longitudinally into two pieces. Tissue
pieces were surface-gterilized, plated onto petri-plates containing Komada media (selective for Fusarium
species) and incubated for 14 days. F. graminearum isolates were identified based on peritheciaformation
on carnation leaf piece agar (CLA). Other Fusariawere identified based on morphologica characteristics on
potato dextrose agar and CLA. Overdl, F. graminearumwasthe Fusariamost frequently isolated from both
pre-harvest (11.6%) and over-wintered residues (25.9%). Other pathogenic Fusaria such as F.
sporotrichioides, F. poae, and F. avenaceum were isolated less frequently (range 0.3-6.7%). Therewasa
ggnificant effect (P=0.01) of cultivar, position of the tissue within the canopy, and the interaction of cultivar by
canopy position ontherecovery of F. graminearum. Ingenerd, therewasagrester level of F. graminearum
in pring residues (range 41.8 — 72.2%) as compared to mature plants. The relative distribution of F.
graminearum within the plant was comparable irrespective of the level of F. graminearumrecovered. The
levd of F. graminearum in mature plants was highest in Wheaton (16.4%) and Norm (18.1%), and least in
Alsen (6.6%). The recovery of the pathogen from the spring sampled residue was highest from Wheston
(38.9%) and least from Ingot (19.3%) and BacUp (19.3%). In mature plants, F. graminearum was highest
from the third node from the base of the plant (18.5%) and least from crowns (5%). In the overwinter
residues, F. graminearumwas abundant in the third node (35.5%), forth node (39.2%) and kernels (38.7%)
as compared to crowns (7.5%). Our data confirms that wheat nodes are a good source of Fusariainoculum
for the development of FHB. This study also demonstrated that F. graminearum colonization varies with
cultivar and within the canopies of individua plants. The results of this research suggest that farmers may
benefit from cropping resstant cultivars and by discarding the straw of susceptible cultivars.
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ABSTRACT

Fusarium head blight (FHB or scab) isadevastating disease of wheat. Epidemicsinthe Upper Midwest of the
United States are considered to be the most important limitation to wheat production. The development of
resstant cultivarsto control FHB isapriority for breeding programsintheregion, and severa wheat genotypes
withimproved FHB resistance have been released recently. Breeding programsgenerally evauate materid for
resi stance based on head symptoms and grain qudity. The colonization of plant parts other than heads by F.
graminearum, the principle pathogen causng FHB, is largely unknown, athough tissues such as nodes are
known to contribute to the inoculum that generates FHB epidemics. This study examined the incidence of
colonization of subcrown internodes (SCI), nodes and kernels of sixteen whest cultivars grown in non-inocu-
lated trids at Strathcona and Humboldt, Minnesota. At each location whest entries were arranged in aran-
domized complete block design with two replications. At hard dough, 20 plantswere arbitrarily sampled from
each plot. SCI, crowns, node pieces and kernels were dissected from the plants. Crowns and nodes were
split longitudinaly into two pieces, surface-sterilized, and tissues pieces were plated on Petri plates containing
Komadamediumwhichissdectivefor Fusarium. Plateswereincubated for 14 days. Therecovered Fusarium
isolates were identified to species usng standard taxonomic procedures. The incidence of colonization by F.
graminearumwas determined asthe percentage of each plant part (SCI, crowns, nodes, kernels) fromwhich
Fusarium spp. were recovered.. Among the species of Fusarium pathogenic to wheset; F. graminearum
(7%) was most frequently isolated, followed by F. avenaceum (6%), F. sporotrichioides (1%), and F. poae
(1%). F. culmorum was recovered only from the Strathcona site(1%). The non-pathogenic species of
Fusarium recovered included; F. acuminatum (5%), F. equiseti (3%) and F. oxysporum (2%). The culti-
vars Oxen (12%) and Reeder (13%) were the two cultivars most frequently colonized by F. graminearum.
Verde (5%), Knudson (5%), Hanna (4%), Alsen (4%) and Granite (4%) were among those less frequently
colonized by F. graminearum. The relative frequency of colonization was directly corrdlated with the FHB
resstance of thewheat cultivarstested. Recovery of F. graminearumwashigher from kernels (11%), thefirst
node (8%) and second node (8%) than from nodes higher on the plant (e.g. node three, node four), crowns or
sub-crown internodes.  Surprisingly, F. avenaceum was recovered at high levels from the plants grown at
Strathcona. The frequencies of colonization of the wheet cultivarsby F. avenaceum, e.g. Waworth (12%),
Oxen (11%), Oklee (10%), Parshdl (10%), Ingot (10%), Alsen (9%), Granite (9%), Hanna (8%), Mercury
(7%) and Briggs (7%), suggests that this pathogenic species may occasiondly contribute to FHB in Minne-
sota. Our data indicates that wheat cultivars are differentially colonized by F. graminearum, as are the
individud tissues of agiven plant. Differentid colonization of plantsby Fusarium suggeststhat host resistance,
in addition to providing disease protection to the crop, may provide the additiona benefit of reducing inoculum
in subsequent growing seasons.
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INTRODUCTION

The economic impact of Fusarium head blight (FHB)
epidemicsistightly linked to the contamination of grain
by mycotoxins, of which deoxynivaenol (DON) is
the most common and important worldwide. Among
the severa speciesof Fusarium that cause FHB, F.
graminearumand F. culmorum havethe highest in-
cidence and producethe bulk of DON inwhegt grain.
Severd important agronomic and environmenta (cli-
matological) factors have been associated with
Fusarium epidemics and elevated DON concentra-
tions in wheat; knowledge of these factors provides
the basis for developing prediction models for im-
proved management of FHB in whest.

FACTORSASSOCIATEDWITH EPIDEMICS

Among agronomic and environmenta factors, those
associated with environment plays the mgor role in
epidemics (Schaafsma et d., 2001; Champell e d
2004; Shaner 2003). Agronomic factors modify the
seveity of epidemics, which indude wheet variety,
crop, tillage, fertilizer, and herbicide histories.  Of
these, the use of resgtant varietiesis the most desir-
able but chalenging, and will be discussed at length
elsawhere. When we look at the remaining agro-
nomic factors, crop history (i.e., crop residues that
provide the subgtrate for inoculum), and tillage (i.e,
placement of crop residues on the soil surface) are

sgnificant agronomic contributorsto FHB epidemics,
while fertilizer (Lemmens et d., 2004) and herbicide
higtories are relatively minor factors (M. Fernandez,

unpublished).

Three scenarios have emerged across Europe and
North Americawith respect to FHB epidemics. The
maost common scenario of an epidemic occursin re-
gions where maize is widely produced, conservation
tillage is practiced, and F. graminearum dominates.
Tillage systems that maintain crop resdue on the il
surface are encouraged for environmental reasons.
Even though better crop rotations and burying host
residue may reduce the risk of FHB in these regions,
the likelihood is limited by the vastness of regionsin-
volved and the emerging problem of the sgprophytic
nature of F. graminearum on non-host crop residues.
Therefore, when environmenta factors are favorable
for infection, only a minimum amount of inoculum is
necessary for an epidemic.  In maize producing re-
gions, emphasisshould be placed on avoiding planting
whest directly into host stubble, devel oping better host
resistance, and well-timed fungicide gpplications.

The second scenario occursin the northern regions of
Europewheretheclimateiscooler, maize productionis
scarce, and F. culmorum predominates. Thisregion
appears to be shrinking because of increased maize
production and perhapsawarming climate (pers. com-
munication, Naresh Magan, Inditute of BioScienceand
Technology, Cranfiedd University, Sisoe, Bedfordshire,
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UK); theresult isthat F. graminearum s battling for
dominance. In thisregion, tillage that buries infected
resdue, restricting maize production, and rotation with
non-cereal crops are more effective Strategies to re-
grict inoculum production than in the region of more
continental climate in North America

The third scenario occurs mainly north of the maize
producing areas of North America, where F.
graminearumisexpanding into regionsof smdl gran
production. F. culmorum is more or less absent in
this system. Here, the tempora increase of F.
graminear um gppears associ ated saprophyticaly with
non-host crops like canola (J. Gilbert, unpublished),
with conservation tillage, and perhaps the repeated
use of glyphosate (M. Fernandez, unpublished) may
even favor inoculum production. A shift in dimate to
warmer and wetter conditions during flowering may
aso increase the prevalence of F. graminearum. In
thisthird region, duetoitsvastness and wide adoption
of consarvation tillage, crop rotation may be margin-
dly effective for reducing the risk of epidemics, the
reliance on hogt plant resstance and timed fungicides
are likely better management dternatives.

PREDICTION MODELS

The understanding of the relationship between envi-
ronment and FHB caused by F. graminearum has
grownrapidly inrecent years. A diseaseforecast modd
for FHB first appeared in South America(Moschini et
a., 2001). More recently, researchers from Ohio
State University, Purdue University, North Dakota
State Universty, South Dakota State University and
Penn State University in North Americahaveinitiated
a cooperative effort to forecast the risk of head scab
epidemics in the U.S. (De Walf & 4., 2003). This
effort uses data representing many wheat production
systems common in that country. These models focus
on predicting epidemics, whichisuseful for identifying
conditions suitable for infection and to determine
whether a fungicide should be applied, but it is less
useful for predicting DON contamination a harvest.
The modd uses weather observed 7 d before wheet
flowering for predicting disease epidemics (>10% se-
verity). Modd accuracy for predicting epidemics is
>80% based on data used to validate mode perfor-

mance. Thesemodesare currently being evauatedin
23 datesintheeastern U.S. viaaFusarium Head Blight
Prediction Center (www.wheatscab.psu.edu).

In Belgium, asimilar gpproach is being taken to fore-
cast both FHB and DON. The objectives are advi-
sory to fungicide applications and pre-harvest con-
tamination by DON. Data on leaf wetness and crop
history (presence of maize resdue) are layered into
the modd in the criticad period between 8 d before
flowering and 7 days after flowering. Themodd clas-
sfies vaues of DON content compared to the actua
DON recommendation in forcefor bread flour in Bel-
gium (0.75 mg kg?). Of thel73 samples of whesat
grain collected before harvest in 2003, 69% of them
were determined correctly by the modd, detection was
61%, and the percentage of fal se detectionswas 29%.
Thismodel depends on redl-time data collected every
20 min, which results in a huge amount of data that
sometimes saturates the calculation module. Typica
of dl FHB modds, observed Fusariumand DON in
theflour is poorly corrdlated. Thelack of correlaion
could be explained by the presence of different
Fusarium chemotypes, different whest varieties col-
lected, and the maturity of the wheat kernels when
they wereinfected (pers. communication, P. Detrixhe).

In Ontario Canada, DONcast (http://
www.ontarioweathernetwork.callib/fusarium.cfm) isan
empirical prediction modd tha focuses on relaion-

ships among weather during critica periods of wheat
development, agronomic variables, and DON mea
sured at harvest (Hooker et a., 2002). Since 2000, it
has been used mainly for aiding in decisonsfor fungi-

cide spraying a flowering. Recently however, it was
adapted to Uruguay, in South America, to help target
pre-harvest regulatory and marketing actions for re-
ducing DON inwheset destined for food markets. The
wesether inputs of DONcast at heading are smple, in-

cuding daily maximum-minimumair temperatures rda
tive humidity & 11 am and dally precipitation. Agro-
nomic inputs include crop higtory, tillage, and whest
vaiety. Usngthesedifferent layersof input datafrom
over 700 farm fields during 9 years, 76% of the vari-

ability of DON can be explained, with an average ac-

curacy of spray decisons (i.e, >1.0 mg kg?) of ap-

proximatdy 80%. Interegtingly, this modd identifies
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gmilar critical periodsand important westher varigbles
asthe FHB-based models, and isequally useful inpre-
dicting therisk of infection. Unlikethe FHB risk mod-
els from the United States and Belgium however,
DONcast has the advantage of using additional
wesgther to harvest for more accurate forecasts of
DON accumulation before the whest is harvested.

One of the serious limitations of dl the moddsisther
dependence on the events of flowering or heading dete.
The coincident timing of flowering and favorable envi-
ronmental conditions for infection is critical for FHB
severity and subsequent DON accumulation. Vari-
ability of flowering dates in the same field and within
the canapy (i.e, primary vstillers) may chdlenge ac-
curate predictions. This perhaps is a more serious
problemin maritimeEuropeand North America, where
cool temperatures may extend the window of flower-
ing and susceptibility for infectionby asmuchas2to 3
weeks. In more continenta regions, the window of
flowering may be much shorter, resulting in potentialy
more accurate predictions for FHB and DON, and
perhaps a more efficacious fungicide application.

Another chdlenge for these modds is the need for
gte-specific data. Critica Ste-gpecific inputsimpor-
tant for dl modds include precipitation, heading or
flowering date, crop history and tillageregime. Some
of these challenges are being overcome by interpola
tion of datathrough GIS software, or measuring pre-
cipitation by proxy usng a combination of wegther
radar and GIS software. These types of inputs are
useful for generdized forecast maps. A more recent
development isthe use of interactive web-based fore-
casting where users can enter or modify their own in-
puts (http://www.ontarioweathernetwork.ca/lib/
ssd_demo.cfm).

Asfa asweareaware, the only model that usesfore-
casted data, in addition to near real time westher data,
is DONcast. This gpproach has been met with its
own chalenges, mainly dueto the uncertainty inherent
in wegther forecasts. These chdlenges can only par-
tidly be addressed by probabilities (of precipitation)
given in the forecadt, or in conjunction with the likeli-

hood of wegther from 30-year normas when fore-
casted datais not available.

SUMMARY

Models used to forecast Fusarium epidemics and
DON have been developed using knowledge of
Fusariumepidemiology. Thesemodelsserveastools
for decisons of whether or not to apply fungicides,
and as an early warning of the mycotoxin risk associ-
ated with an epidemic before the crop is harvested.
During the last decade, much has been learned and
invested in the process of modeling disease severity
or mycotoxin accumulation, and of systems to pro-
cessdataand ddiver predictionsat thefieldleve. Itis
clear that amore collaborative effort is needed to in-
crease the database of field-specific information for
further development, validation, and for testing the
goplicability of existing models.
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OBJECTIVE

Defining virulenceand pathogenicity traitsof Fusarium
graminearum on amolecular level.

INTRODUCTION

The molecular bads of fungd pathogenicity is poorly
understood. Understanding the funga mechanisms of
pathogenicity will dlow the design of specificdly im-
proved defense reactions of the infected plant or the
development of new fungicides. Some steps may be
crucid to the establishment of fungd pathogenicity: 1.
attachment to the host surface; 2. germination on the
hogt surface and formation of infection structures; 3.
penetration of the host surface; 4. colonization of the
hodt tissue. To get a detailed unterstanding of the in-
volvement of aspecific fungd geneintheinfection pro-
cess this gene may either be overexpressed or de-
sroyed by transformation mediated gene disruption.
The resultant mutants are tested for dtered pathogenic
behavior. Furthermore, the infection processes can be
studied microscopicdly fecilitated by the condtitutive
expression of marker genes like the green fluorescent
protein (GFP). The expression of different genes can
be monitored during different phases of the infection
process by qunatitative PCR and by fusing them to a
maker gene (i.e. GFP). Despite this broad arsend of
methods, and in spite of the economica importance of
F. graminearum, surprisngly littleisknown about the
molecular bass of F. graminearum infections.

Our objectiveisto identify different virulence and/or
pathogenicity genes of this fungus by gpplying the
above mentioned methods and to characterize these
tratsin the context of the physiology of this

important pathogen.

MATERIALSAND METHODS

Strains, transformation and enzymatic procedures
- Fusarium graminearum wild type strains 8/1,
FGO06, FG25, and FG 2311 were kindly provided by
T. Miedaner, Hohenhaeim, Germany. Geneticaly de-
fined mutants were produced by targeted disruption
of agiven geneviaintegration of atrandformation vec-
tor through homol ogous recombination (Jenczmionka
et d., 2003). Integration of the gfp marker gene was
targeted to the analysed gene to avoid mutagenic ec-
topic integrations into the genome.

To evdutate the ability of wild type and different mu-
tant isolatesto produce secreted enzymesfungd myce-
lium was grown for 48 hrs in complete medium and
trandfered into minima medium with a defined sub-
strate as the sole carbon source.

Pathogenicity tests - Wheat and barley plantswere
grown in 11-cm pots at 20 °C with a 16-h photope-
riod (8,000 Ix) and 70% relative humidity. Spikes at
anthesis were point-inoculated with the F.
graminearum wild type and independent mutants by
placing a conidia suspenson in one spikelet in the
middleof thewhest oiketested (modified after Pritsch
et d., 2001). Theinoculated spikes were enclosed in
small plagtic bags during the first 3 days to ensure a
high humidity. Plants were evauated 3 weeks after
inoculation.

Maize cultivars were grown in greenhouse. Approxi-
mately four months old plants wereinoculated 6 d &f-
ter slksemerged by injecting conidiasuspensonsinto
the slk channd (Reid et d., 1995). Before inocula
tion, slks were manudly pollinated to ensure optimal
pollination. Theinoculated earswere enclosed in plas-
tic bagsduring thefirst 3 daysto ensure ahigh humid-
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ity for infection. Disease severity of maize cobs was
monitored five weeks post inoculation.

RESULTS

Deoxynivalenol (DON) is a host specific viru-
lence factor - Deoxynivaenol (DON) are the first
known virulencefactorsof F. graminearum. Genetic
disruption of thegene Tri 5 leadsto trichothecene nega-
tive mutants (Proctor et d., 1995) with a dramatic
reduction in their ability to colonize wheet (Bal et d.,
2001).

To further subgtantiate and expand this result, we in-
vestigated whether virulenceis only determined by the
presence of thetrichothecenesor isaquantitative char-
acter that is heterogeneoudy determined by severa
factors differing from one isolate to the other. Three
isolatesof F. graminearum, well characterizedinfied
experiments (Miedaner et d., 2000), were sdected:
FG06, a medium aggressive isolate producing mainly
nivaenol (NIV chemotype), FG25, amedium aggres-
sveisolate of the deoxynivaenol (DON) chemotype,
FG2311, a highly virulent isolate of the DON
chemotype, producing high levels of DON.

The Tri5 genes of these three isolates were cloned,
sequenced, and disrupted by transformation mediated
homol ogous recombination. Disruption mutants were
found to grow in vitro like the respective wild type
but are unable to produce trichothecenes. The mu-
tants in comparison to the respective wild types were
tested on wheat and barley as well as on maize for
their ability to develop FHB or cob rot.

All mutant strains, irrespectivewhether the correspond-
ing wild type strains produced NIV or DON, were
equdly reduced in their ahility to colonizing the spike.
They showed abasd infectivity to theinocul ated spike-
let but were unable to spread throughout the entire
heed, indicated by the very low percentage of dis-
eased spikelets (Fig. 1).

In sharp contrast to these results, inoculation of barley
and maize displayed no differencein virulence beween
wild types and trichothecene negative mutants, al were
fully aggressive.

Mitogen-Activated Protein Kinases - Mitogen-ac-
tivated protein kinases are centrd regulators within
different sgnd transduction pathways. Recent exami-
nations of two of these genes reveded their impor-
tance in generd fitness and pathogenicity in particular
of F. graminearum (Hou et d., 2002, Jenczmionka
et d., 2003; Urban et d., 2003). Transformation-me-
diated gene disruption of the Fus3 / Pmk1 MAP ki-
nase homologue Gpmk1 of F. graminearum results
in mutants that are reduced in conidia production and
are sxualy derile. Furthermore, the mutants were
shown to be fully gpathogenic to wheat and strongly
reduced to maize, even though they ill produce
trichothecenes. Thisleadsto the conclusion that gpmk1
isresponsible for sgnal transduction processestaking
place during the most important developmenta stages
inthelifecydeof thisfungd pathogen, induding patho-
genicity. However, it is yet not known how much and
which genes are involved up and down stream from
the MAP kinases. We andyzed the Gpmk1 MAP ki-
nese disruption mutants of F. graminearum for their
ability to produce cdl wal degrading enzymesin vitro
in comparison to the wild type strain. The gpmk1 dis-
ruption had no effect on the production of pectinolytic
or amylolytic enzymes. However, it could be shown
that Gpmk1 regulates the early induction of an
endoglucanase, a xylanolytic, a proteolytic, and ali-
polytic activity. (Jenczmionka and Schéfer, 2004).

Extracellular Lipase - In generd, fungd pathogens
Secrete various enzymes which might be involved in
virulence (Wanjiru et d., 2002). Among the secreted
enzymes, triacyl-glyceral lipases (EC 3.1.1.3) form
an extengve family of enzymes which catdyze both
the hydrolyss and the synthess of ester bonds. The
biological function of lipasesis the hydrolytic decom-
position of triacyl-glycerolsinto glycerol and freefatty
acids. So far, no direct evidence concerning the in-
volvement of alipasein fungd virulence has been pro-
vided.

We cloned and characterized the first secreted lipase
of F. graminearum. The functiond identity of the li-
pase gene was established by heterologous gene ex-
pression in the P. pastoris expresson system. In
planta, lipasetranscriptswere aready detectable one
day post inoculation of wheat spikes and during dl
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later examined stages of infection. Ebelactone B, a
known lipase inhibitor, represses the lipolytic activity
of the enzyme in vitro. After complementing the in-

oculum with ebelactoneB F. graminearum infected
the inoculated spike et but was unable to colonize the

spike.

F. graminearum mutantswith adisrupted lipase gene
were congructed and showed a grestly diminished
secreted lipalytic activity in vitro.

Consequently, whest, barley, and maize plants were
inoculated with wild type and lipase deficient mutants.
All mutants displayed astrongly reduced virulenceto-
wards dl different host plants. Infected wheat and
barley spikes developed normdlly, only the inocul ated
pikeets showed signs of infection. Maize earsinocu-
lated with conidia from wild type or ectopic strans
revealed strong symptoms of F. graminearumear rot
e.g. up to 100 % infected cobs (rating 7, Reid et 4.,
1995). In contrast to this, lipase-mutantsinfected cobs
showed only minor infection areas of 4-10 % (rating
around 3) and normda kernel development in uninfected
cob parts (Fig. 2).

DISCUSSION

Pathogenicity is defined as the cgpahility of a fungus
to cause disease. In molecular terms, afungal patho-

genicity gene is directly and essentidly involved in
pathogenicity but is not necessary for completion of
thelifecyde. Following this context, agenethat modu-

lates the degree of pathogenicity is a virulence gene.
The disruption of a pathogenicity gene will resultin a
tota loss of pathogenicity, whereasthe disruption of a
virulence gene leads only to a reduction in the funga
ability to cause disease. For both typesof genes, patho-

genicity and virulence genes, examples were given in
this article. The map-kinase gpmk1 is a pathogenicity
gene. It is a centrd sgnd transduction component,
which regulates most likely severd traits. The disrup-

tion of each of these individud traits may lead only to
reduced virulence, the disruption of the central path-

way however, leads to a total loss of pathogenicity,

even though trichothecenes are il produced.

Trichothecenes are host specific virulence factors.
DON and NIV contributein the same amount to viru-
lence of F. graminearum towards whest, but funga
virulence is unchanged to barley and maize whether
the fungus produces the toxins or not.

The secreted lipase is a novel and generd virulence
factor, equally important to whest, barley, and maize.
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Figure1l. Wheat FHB severity depending on time post inoculation of the F. graminearumwild type strains
(continuous lines) FGO06 (? ), FG25 (?), and FG2311 (| ) in comparison to respective tri5 deletion mutants
(dashed lines). Each fungus was tested at least on 20 spikes.
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Figure 2. Infection of cereal flowerswith F. graminearumwild type and
?fgllstrains.

A) Virulence of F. graminearum to wheat. Infection referred to partialy or
completely bleached spikel ets observed 3 weeks post inoculation. Results are the
average of 15 inoculated wheat heads (14-22 spikelets per head).B) Virulence of F.
graminearum isolates to maize. Disease severity referred to visual rating scales after
Reid et al., (1995) observed 5 weeks post inoculation. Results are the average of 10
maize ears. (control: inoculated with water, wt: wild type, ?fgl1-1/-2/-3: lipase
deficient strains, ect-1: mutant with ectopic integration of the disruption construct.
Error bars: confidence interval a= 0.05).
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ABSTRACT

An increased understanding of the epidemiology of Gibberella zeae will contribute to arationa and informed
gpproach to the management of Fusarium head blight (FHB) and Gibberellaear rot (GER). Anintegrd phase
of the FHB and GER cycle is the depostion of arborne spores, yet there is no information available on the
gpatid pattern of viable spore deposition of G. zeae above and within wheat and corn canopies. Weexamined
gpatia patterns of viable spore deposition of G. zeae over multiple years ingde rotationa (lacking cered
debris) wheat and corn fieldsin Aurora, New York, USA. Viable airborne spores of G. zeae were collected
above and within wheat and corn canopies on Petri plates containing selective medium. Sporeswere collected
over atotd of 80 day and night sample periodsin dl of thefidds over dl of the years. Contour plots of spore
counts over entire fields showed that the gpatial pattern of spore deposition was unique for each sample
period. Spatia Andysis by Distance IndicEs (SADIE) statistics and Mantel tests were used to classify spore
deposition patternsduring individua sample periods. Themgority (93%) of the spore deposition patternswas
random; alesser proportion (7%) was aggregated. All of the aggregated patterns in both the wheat and corn
fidddswere observed at night. Indl but one year, the spatid patterns for cumulative spore deposition became
aggregated over time. Spatia patterns of spore deposition should be considered when assessing the cumula-
tive exposure of wheet spikes and corn silksto inoculaof G. zeae.
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OF GIBBERELLA ZEAE
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ABSTRACT

In order to become airborne, ascospores of G. zeae must be discharged with enough force to surpass the
boundary layer of air surrounding the surface of the subsirate bearing perithecia. We measured the forcible
discharge distance of ascospores of G. zeae indde smdl glass chambers, and related this distance to the
mechanical forces acting on the ascospores.  Ascospores were discharged away from culture surfaces at
distancesranging from < 1 mm to nearly 10 mm. Six-day-old cultures had discharge distances of 4.6 mm on
average, while twelve-day-old cultures had discharge distances that were 3.9 mm on average. A large per-
centage of spores were discharged at a sufficient distance to surpass the boundary layer of air. Spores that
pass the boundary layer have a high probability of being transported away from their sourcein air currents.
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ABSTRACT

Fusarium Heed Blight (FHB) threatens the barley (Hordeum vulgare) production in Austriaunder humid and
warm wegather conditions and has the potentia of reduced food and feed safety for barley products. Sources
of resstance to Fusarium graminearum have been identified in Soring barley collections. However, very little
is known about the reaction of barley to other Fusarium speciesto effectively manage FHB resstance. Two
F. graminearum susceptible (Stander, ICB 111809) and two resistant (Chevron, Clho 4196) six- and two-
rowed spring barley cultivarswereinvestigated for their reaction towards Audtrian isolates of F. graminearum,
F. culmorum, F. poae, F. avenaceum and F. sporotrichioides in pot and field experiments under moderate
and severe disease pressure, respectively. At the late-milk to early-dough stage, the spikes were spray-inocu-
lated a dusk with a macroconidid suspenson of Fusarium spp., (10,000 macroconidia/ml). For disease
evaluation, the average percentage of infected kerneg/spike (on 5-10 randomly chosen spikes) was assessed
on each accesson 14 and 21 days after inoculation to record possible changes in the infection leve. In both
experiments, the six-rowed spring barley variety Chevron was resstant againgt dl Fusarium species, while
both susceptible lines, the two-rowed barley line ICB 111809 and six-rowed barley variety Stander were
highly susceptiblefor dl Audtrian Fusarium species. Overdl, F. graminearum presented high aggressveness
at moderate and high disease pressure, whileF. poae exhibited higher aggressiveness a lower humidity and F.
sporotrichioides and F. culmorum were more adapted to more humid screening conditions. The ranking of
Fusarium species severity on Stander and Chevron 14 and 21 days after inocul ation was very similar between
moderate and severe disease pressure. Based on observations for both two-rowed barley lines, a potential
species” genotype interaction requires further investigation.
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ABSTRACT

Fusarium graminearum is an important pathogen of smal grains and maize in many areas of the world. In
North America, the scab disease caused by F. graminearum poses a mgjor threat to wheat and barley
production. To better understand the molecular mechanisms of F. graminearum pathogeness, we have
generated acollection of random insertiona mutants. One of the mutants, mutant 222, was sgnificantly attenu-

ated in virulence. Its vegetative growth and the production of DON and zearalenone aso were reduced. In
mutant 222, the transforming vector wasinserted a amino acid 268 of the hydroxymethyl-glutaryl CoA reduc-

tase gene (HMRL), which encodes a key enzyme involved in sterol and isoprenoid biosynthesis. Theintegra-

tion disrupted the N-termind transmembrane domains of the HMRL gene, but its catdytic domain at the C-
terminus wasintact. Wefailed to isolate mutants deleted for the entire HMRL gene by gene replacement after
screening over 500 trandformants, suggesting that HMRL is an essentid genein F. graminearum. However,

mutants deleted for only the N-termina 269 amino acids of the HMRL gene were viable and phenotypically
smilar to mutant 222. In both mutant 222 and the hmr 1" 26° mutant, a 3-kb truncated HMRL transcript was
detectable by northern blot andyses. In the wild-type drain, only the 5-kb full length messenger was ob-

served. Theinitiation Site of truncated HMRL transcripts was determined by 5’ -RA CE to be 200 bp upstream
fromthe catdytic subunit, indicating thet the entire catdytic subunit of HMR1 was expressed in these trandformants.
When aHMRI fragment corresponding to the region between theinsartion site of pCB1003 and the transcrip-

tion initiation dte in mutant 222 were used to express a promoter-less EGFP congtruct, green fluorescent
sgnaswere detectable in conidia, germlings and vegetative hyphae of the resulting transformants. These data
illudrate that this region of HMRL ORF had cryptic promoter activities and were able to express the down-

dream catalytic domain in mutants deleted of its N-termind portion. Our results dso indicate the importance
of the HMR1 gene and the function of its transmembrane domainsin F. graminearum.

517



Pathogenesis, Epidemiology, and Disease Forecasting

RELATION BETWEEN HEAD BLIGHT SEVERITY AND
DON IN NATURAL EPIDEMICS OF FHB
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ABSTRACT

Fusarium head blight was widespread and severe on oft red winter wheet in Indianain 2004. To investigate
the relation between head blight severity and grain qudity, we assessed the disease in cultivar trids located at
5 dtesaround the state: PPAC (northwest), LAF (west-central), DPAC (east-central), SWPAC (southwest),
and SEPAC (southeast). At each Site the experimenta design was arandomized complete block with 4 repli-

cations. We measured incidence of FHB by counting the blighted spikes in 5 samples of 20 culms per plot.
Severity of head blight was visudly estimated as the average percentage of the head blighted on symptomatic
heads. From these 2 atigtics we calculated a disease index (FHBX = incidence” severity/100). Grain quadity
measurements included the frequency Fusarium-damaged kernds (FDK), the frequency of asymptomatic
infection (Al), and DON content. Asymptometic infection was determined by plating visibly sound kernelson
Komada medium after surface sterilization. DON analyses were conducted a Michigan State University. At
each gte differences among cultivars for FHBX and DON were highly sgnificant. Ranges for FHBX at each
gtewereasfollows: 3to0 38% at PPAC, 0.1t0 19% at LAF, 1to 23% at DPAC, 6 to 35% at SWPAC, and

5t0 38% at SEPAC. Rangesfor DON were: 1.9t08.5 ppm at PPAC, 0.8t09.8 ppmat LAF, 0.7 to 3.7 ppm
at DPAC, 0.1t0 2.2 ppm at SWPAC, and 0.8 to 9.8 ppm at SEPAC. At each site the correlations between
heading date of aline and the various measures of FHB were low, suggesting that differences among cultivars
were the result more of genetic differences in susceptibility than to differences in favorability of weether for
infection and disease development over the range of flowering dates. There was consderable variation in
DON concentrations among sites. For example, the mean for PPAC was 3.4 ppm, whereas the mean for
SWPAC was 0.5 ppm, yet the mean values for FHBX at these 2 sites were smilar (16.3% at PPAC and
16.6% at SEPAC). Mean FHBX was 7.7% for LAF, but the mean DON value was 3.1 ppm, similar to the
vaue a PPAC, where the mean FHBX vaue was twice that high. The correlation between FHBX and DON
was sgnificant only at PPAC and SEPAC, but was only moderate. For data pooled over dl Sites, the corrda

tion was sgnificant, but low. DON concentrations of 2 ppm or greater were associated with FHBX vaues
from 1.5% to 38.5%. DON concentrations of less than 2 ppm were associated with FHBX vauesfrom 0.6%
to 34.8%. Aswas seen inasmilar study in 2003, the severity of head blight in the field was of limited vauefor
predicting DON content in the harvested grain.

518



Pathog_;en&ei s, Epidemiol ogy, and Disease Forecasti ng
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OBJECTIVES

Impact of fusariotoxins mixture (moniliformin, fumonisin
B, fusaproliferin, zearalenone, zearalenol and
deoxynivaenoal, each at concentration 35 pug-mL 1) on
maize plantsof resstant (Lucia) and susceptible (Pavla)
cultivars was studied.

INTRODUCTION

Smultaneous infection with different Fusarium
gpecies on maize has been observed and their
interaction anticipated. Because certain fungd strains
are able to synthesize a number of toxic metabolites
(e.g. Bottdico, 1998), it is possible that severa
different mycotoxins will be present in asngle plant.
In Sovakia moniliformin, fumonising, fusgproliferin,
zeardenone, and deoxynivaenal were identified in
maize kernels (Nadubinska et a., 2002, Srobérova
et a., 2002) and through the seed may be
transmitted to seedling. However, to thistime their
impact and role in plant is not fully understood.
Eudes et d. (1997) demongtrated that plant toxicity
of severd trichothecenes was very different to their
toxicity in animas. The am of our work was to test
the effects of mixture of sdected fusariotoxins on the
cell ultragtructure in maize seedlings.

MATERIAL AND METHODS

Two maizecultivars(Zeainvent, Trnava, Sovakia) were
used: Lucia, resstant toFusariuminfection, and Pavia,
the susceptible one to ear rot (Pastirdk et a., 2002).
Seeds were surface-sterilized with 1% sodium hy-
pochlorite (commercid bleach) for 2 min and rinsed
threetimesin geriledigtilled water for 2 min. The seeds
germinated for 4 daysonfilter paper moistened with
digtilled water, and then they were sdlected for unifor-

mity and grew hydroponicaly in Knopp nutrient solu-
tion at the temperature of 21/15°C (day / night), pho-
toperiod 16 / 8. After 10 days of cultivation roots of
intact plantswereimmersed in 10 ml of toxin mixture,
or for control treatment in distilled water for 72 hours.

Mixture of toxinsincluded dl toxinswhich wereiden-
tified in naturaly infected maize kernds in concentra-
tion according to that one, which was an effective in
our experiment with maize seedlings chlorophyll
(Nadubinska et al., 2003). Moniliformin (MF),
fumonisin B (FB,), zeardlenone (ZEN), zearalenol
(ZOH) and deoxynivadenol (DON) wereobtained from
firm Sgma — Aldrich Chemie GmbH, fusapraliferin
(FP) wasisolated and purified by RiTieni et al. [1995].
MFand FB, weredissolvedin deionised distilled weter,
FPand ZEN in methanol >99% Mikrochem Bratidava
and DON in acetone (for UV spectroscopy, Lachema
Brno): methanol (2:1) to make stock solution (con-
centration 0,5mg-mL* of each toxins was used). To
obtain 20 ml of find concentration 35¥.g' " mL "1, ImL
of stocks were diluted with didtilled weter.

For eectron microscopy, segments from central part
of 39 leaves and 5mm long root apices were fixed
with 3% glutaraldehyde and 1% OsO,, dehydratedin
ethanol and embedded in Spur’'s medium. Ultrathin
sections from five embedded specimens (blocks with
pieces of organs) of each variant were prepared and
stained with uranyl acetate and Pb-citrate and investi-
gated with the EM Teda BS 500.

RESULTSAND DISCUSSION

Cdlsof both cultivars had large centra vacuoles with
thin peripherd layer of cytoplasm. In the cytoplasm,
endoplasmdtic reticulum (ER), mitochondria, nucleus
and plagtids were present. Well organised grana and
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stroma thylakoids occupied amost the whole chloro-
plasts volume in the control sample (Fig. 1A). Cdl
ultragtructure of thetreated plantswas not significantly
different from that of the non-treated ones.

Sporadicaly, chloroplastswith disorganized thylakoids
and an dectron transparent sromain mesophyll cels
were observed in the trested plants of the susceptible
cv. Pavla(Fig. 1B).

At certain distance form the root tip, the root cells of
both cultivars had a large centrally located vacuole.
Plasmamembrane and tonoplast weredistinct and well
preserved. Mitochondria, dictyosomes, plagtids, ER
and nucleus, were present in the peripherd layer of
cytoplasm (Fig. 2A). In the roots of the susceptible
cultivar treeted by fusariotoxins, higher vacuolationand
plasmolyss were found in the young cdlls of the outer
cortex than in the resstant cultivar (Fig. 2B).On the
plasma membrane surface poradicaly smdl, darkly
gtained osmiophilic globules were observed. In the
young root cdlls of the susceptible cultivar vacuolation
of cytoplasm besides plasmolysis was observed.

ILarge amount of osmiophilic globules were present
within periplasmic space and in the cytoplasm (Fig.
3). The osmiophilic globules were found to be asso-
cated with plasmodesmaa (Fig. 3A) and plasmamem-
brane and with endomembraneslike ER, tonoplast and
plagtids (Figs 3 A, B). Osmiophilic globules are gen-
erdly consdered of lipid compaosition. In intact plants
they were suggested to be related with the process
causngwall loosening during cdll dongation (‘amgova
et d., 1998). Their presence during cold acclimation
(Ristic and Asworth 1993), drought and freezing
stresses (iamporova and Mistrik 1993) has been re-
lated to the changes in plasma membrane composi-
tion. In pathosystem (Gossypium barbadense L. in-
fected by Fusariumoxysporumf. sp. vasinfectum),
osmiophilic droplets may represent defence mecha
nism againg fungus infection (Shi et d,. 1991). Some
electron-dense large bodies and lipid granules were
observed in infected cells of resstant plants (Ilarsan
AND DoLAR 2002). Nonethel ess, the compl ete effects
of toxinsin our experiment probably involve various
biochemica events. Fumonisin B1 has been shown to

inhibit cell growth and to cause accumuletion of free
sphingoid bases and dteration of lipid metaboliam.
Some of the used toxinsare phytotoxic (moniliformin),
namey fumonisn damages cell membranes and re-
duces chlorophyll synthes's (Lamprecht et d., 1994).

Lipids from the affected membranes may be
accumulated in adifferent way in cdls. Our results
indicate that even alow concentration of
fusariotoxins may have an impact on plants
ultrastructure of young maize plantswhich are
without macroscopica symptoms. The treatment by
fusariotoxins evoke the different degree of cdll
damage in young hosts plant according to their
response to the pathogen.
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Figure 1. Well-developed inner membrane organization of chloroplastsin leaf mesophyl|
cellsin control plants (A). In the susceptible cv. Pavla (B) treated by fusariotoxins,
thylakoids are not organized in granatheir arrangement is disturbed. Bars represent 1 pum.
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Figure 2. The ultrastructure of control (A) and fusariotoxins-treated (B) root cells of the
susceptible cv. Pavla. Arrowsin B indicate protoplast retreat due to plasmolysis, small
arrows the osmiophilic globules associated with plasma membrane. M — mitochondria,
cw —cell wall, N —nucleus, V —vacuole. Bars represent 1 um.
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Figure 3. Ultrastructure of cells of young root cortex of the susceptible cv. Pavla treated
by fusariotoxins. A. Osmiophilic granules were associated with plasmodesmata-pd (A,
double arrowheads), plasma membrane (double arrows), endoplasmatic reticulum (ER)
(A, B), plastids (P), cw — cell wall and tonoplast - t, too (B), V —vacuole d - dictyosome,
M-mitochondria, s - starch grain. Bars represent 1 um.
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RELATIONSHIPS BETWEEN FUSARIUM RESISTANCE IN THE
SEEDLING STAGE WITH RESISTANCE IN THE SPIKE STAGE OF
WHEAT USING IN VITRO AND IN VIVO SCREENING TECHNIQUES
L. Tamburic-llincic', G. Fedak? and A.W. Schaafsmat

!Ridgetown College, University of Gudph, Ridgetown, Ontario, Canada; and
2Eastern Cerea and Oilseed Research Centre, Ottawa, Ontario, Canada
*Corresponding Author: PH: (519) 674-1557; E-mail: [tamburi @ridgetownc.uoguel ph.ca

ABSTRACT

Fusarium head blight (FHB), caused by Fusariumgraminearum (Schwabe), is an important wheet disease.
The god of this study wasto determine the relationship between resistance of whest linesto F. graminearum
inthe seedlings and resstance in spikes. Thewhest linesweretestedin vitro inthe seedling stage and in vivo
a the spike stage. Threewheat populationsweretested. Thefirst two were derived using the pedigree method
(‘Frontand /' Ruby’ and “WEK O60DH4'/ * Pioneer 2737W’) and thelast (‘Wuhan'/ Maringa ) through double
haploidy usng a corn pallination method. Seedling assays for FHB were conducted individudly on dants of
Knop agar in glasstubes in the [aboratory. A mycdium disk (4.0 mm diameter) of the F. graminearumstrain
(DAOM178148) grown on potato dextrose agar (PDA) medium at room temperature for 1 week, was
placed on Knop agar medium in glass tubes near the bottom of the dant. A single germinated seed was placed
2 cm above the mycdium disk in each tube. Controls were fungus-free. Seedlings were grown under artificiad
light for 14 d, and then evaluated using ascae from 1 to 6. In the field each line was spray inoculated with F.
graminearum e flowering and mig irrigated. Thelineswere evauated for visua symptomsof Fusariumusing
the FHB index (incidence x severity/100), and deoxynivaenol (DON) was estimated using an enzyme-linked
immunosorbent assay (ELISA) test. This study shows that Fusarium seedling resstance is not completely
independent of FHB resistance in spikes.
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FUSARIUM HEAD BLIGHT OF OAT: ANEW PROBLEM
OR AN OVERLOOKED DISEASE?
A. TekauZ, B. McCalum, N. Ames and J. Mitchell Fetch

Agriculture and Agri-Food Canada, Cereal Research Centre, Winnipeg MB, Canada
“Corresponding Author: PH: (204) 983-0944; E-mail: atekauz@agr.gc.ca

ABSTRACT

Fusarium head blight (FHB) of oat was hardly on the ‘radar screen’ in the eastern Canadian prairies(MB and
eastern SK) or the American upper mid-west (ND, SD, MN) during the 1990s when barley and whest crops
in these regions were being devadtated by the disease. Since 2001, when we began to monitor oat more
closly, it has become evident that in Manitoba, FHB is a prevaent disease of the crop. FHB usudly is not
goparent in afidd of oats, and unlike the Stuation in wheet (in particular) and barley, visud in-crop severity is
not avalidindicator of the damageto mature seed. 1n 2001, 15 Canadian oat cultivarstested at threefield Sites
exhibited nil or negligible amounts of mid- to late-season FHB, but had 28.3% and 14.3% average levels of
total Fusarium and F. graminearum, respectively, on the seed; levels of putative fusarium damaged kernels
(FDK) (‘scabby kernels’) and deoxynivaenol (DON), were 8.5% and 5.6 ppm. These amounts, while
substantia, were about haf those found in the susceptible and partially resstant wheet (DON, 11.1 ppm) and
barley checks (DON, 11.2 ppm). By contrast, in 2002, when field conditions were less favourable for dis-
ease, the 1.3 ppm average DON leve in oats was Smilar to that determined for wheet (1.1 ppm) and barley
(0.8 ppm). A review of theliterature indicated that ‘ FHB’ had been reported previoudy asadisease of oat in
Canada, firgtly in 1929, but only sporadicaly and amost exclusively from the Atlantic Provinces and Quebec.
Its occurrences have been few and quitelocalized, and until recently with no verification of the causd pathogen(s)
involved. Only asngle higtoric report of ‘FHB’ in oat from western Canadais available, a 1934 observation
that ‘dight’ disease affected a single Albertafield, with * Fusarium spp.” mentioned as apossible cause. Itis
likely that FHB in oat may at times have been overlooked in western Canada during the previous 50-75 years.
If true, and asis better documented in wheat and barley, FHB outbreaks prior to the 1990 swould have been
relatively modest compared to the devastating episodes since 1993.  The continued occurrence of FHB on oat
in the region is likely, based on current levels of endemic Fusarium inoculum. It dso is possble that the F.
graminearum population, and (or) that of other Fusarium spp. has become better adapted to this hog,
resulting in the higher levels of damage presently observed. FHB must now be regarded as mgor ‘new’
disease of oat in western Canada.
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IN FUSARIUM GRAMINEARUM
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ABSTRACT

Trichothecenes, such asdeoxynivalenol (DON), are sesquiterpenoid mycotoxinsthat are produced by severa

generaof filamentous fungi, induding Fusarium. The trichothecene biosynthetic pathway has been studied in
detall. In Fusarium sporotrichioides, at least twelve trichothecene pathway genes are locdized in a gene
cluster. Another pathway gene, TRI101, is unlinked from the cluster. The objectives of this study were to
identify the effects of temperature and glucose concentration on expression of the trichothecene biosynthesis
genes TRI5 (encodes trichodiene synthase), TRI6 (encodes a transcription factor), TRI10 (encodes an uni-

dentified hypothetical protein), and TRI12 (encodes a toxin efflux pump) using quantitetive red time PCR
(gRT-PCR) with cDNA targets. Trichothecene concentrations from DON and Acetyl-DON were measured
directly from the culture broth by a surface plasmon resonance immunobiosensor over a period of 30 days.

Fusarium graminearum TMW 4.0185 was used for trichothecene and RNA analysis. Fungal cultureswere
grown in Erlenmeyer flasks (500 mL) containing 300 mL GY EP medium (0.25 % and 1 % glucose, respec-

tively, 0.1 % yeast extract, 0.1 % peptone). Twenty cultures each were incubated at 15 °C and 28 °C, re-

spectively. All cultures were shaken in the dark at 120 rpm. At days 3, 6, 9, 12, 15, 18, 21, 24, 27 and 30,

respectively, one flask from each of the four growth parameters was randomly removed from the incubator for
further andyss Toisolate RNA, cellswere harvested by filtration. The resulting semi-dried mycdid matswere
immediately ground to afine powder in liquid nitrogen. Total RNA was isolated with the RNeasy® Flant Mini

Kit (Qiagen, Hilden, Germany). After digestion of the residua genomic DNA, synthesis of the first cDNA
grand from RNA was accomplished with reverse transcriptase. Gene expressons were measured by gRT-

PCR using SYBR® Green| and the LightCycer™. We congructed specific PCR primer pairs to amplify
fragments from the genes TRI5, TRI6, TRI10, and TRI12, respectively. A beta-tubulin gene specific primer
pair was used as an externd standard for cDNA quantification. The amount of template cDNA was cal cul ated
from a cdibraion curve st up with a serid dilution of purified genomic DNA of F. graminearum TMW
4.0185. Tests with different glucose concentrations in the GY EP medium showed that high sugar concentra:

tions resulted in higher trichothecene yield. In the medium with 0.25 % glucose the optimum temperature of
toxin production was found to be 28 °C. Toxin concentrations in mediawith 1 % glucose were dmost unaf-

fected by temperature. Relative expression of the TRI6 gene waslow. TRI6 activated the expresson of TRIS
during the first days of cultivation. A temperature of 28 °C resulted in a second short expression pesk of the
TRIG6 gene. Relative expression of the TRI5 gene appeared prior to the toxin production. We observed an
increase in TRIS expression a 28 °C. Our data indicate that the relative TRI10 expresson remained a a
congtantly high level during 30 daysat al growth conditions. According to our findings, relaive TRI10 expres-

gonin F. graminearumdid not positively regulate TRI6 expression, and TRI10 express on was not negatively
regulated by TRI6. We aso observed a relationship between TRI10 expression and TRI5 expression. qRT-

PCR analyss of TRI12 showed no relaionship to toxin concentrations found in the cultures.
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DATA NETWORK IN SOUTH DAKOTA
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ABSTRACT

South Dakota has avariety of amospheric observation systems controlled by many different state and federd
agencies for awide-ranging clientele within the state. State agencies such as South Dakota State University
and the Department of Trangportation and federd agencies such asthe Federd Aviation Adminigtration, United
States Geologica Service, Nationd Weeather Service, and Bureau of Reclamation collect data to serve the
generd public aswdll as specific clienteeincluding ranchers, row-crop agriculture, forestry interests, and many
others. Datafrom these networks are often available, but in different formats, in different database locations.
Data sharing and coordination among these networks can improve the atimospheric monitoring across the
date. Despite the variety of stations, there are large parts of the Sate that have limited data and many types of
data are not gathered and certain locations. Rainfdl is a good example of a parameter with extremely high
variability across the date, yet the detall in rainfall observations is limited. Soil moisture measurements are
non-existent and the dengty of soil temperature datawnhich are criticd to agriculturd interests for management
decisons such as nitrogen gpplication is lacking. Evapotranspiration estimates require solar radiation mee-
surements, which are few in the state. To address these serious concerns, the state climate office has been
approached to help improve the capahilities of our wesather data systems in South Dakota, and to ad in
bringing about greater access to the current databases.

Disease forecasting for whest is obvioudy heavily based on observed environmenta conditions. In the date
we cannot currently observe the important wheat-growing regions of the state well. The expanson of our
network into these areas will improve the capability to depict recent and current westher conditionsin greater
detall. Such improvements should facilitate development and vaidation of environmentaly based modd s that
are gpplied to wheat and barley production. Of great importance to Fusarium head blight management efforts
is the ground truthing of disease forecasting models. Enhancements in the coverage and accuracy of the
wegather data network in South Dakota will greetly affect the ability of agricultura researchers to produce
better results and make stronger inferences about the influence of weether on biosystems.
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SEXUAL DEVELOPMENT IN GIBBERELLA ZEAE
Frances Trail**, John Guenther! and Weihong Qi*

'Department of Plant Biology and 2Deparment of Plant Pathology,
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" Corresponding Author: PH: (517) 432-2939; E-mail: trail@msu.edu

ABSTRACT

In Gibberella zeae, ascospores are produced in ephemerd perithecia on the surface of field debris and fired
into the air. This study was designed to ducidate the process of colonization of wheet tissue, which leads to
perithecium production. Stemswere systemicaly and extensively colonized following inoculation of the wheet
head. Haploid mycelia moved down the vascular system and pith and then colonized the stem tissue radidly.
Dikaryotic hyphae developed at two distinct sages. in the xylem, in support of radia hypha growth and in the
chloremchyma, in support of perithecium devel opment. Perithecium formation wasinitiated in association with
somates and slicacels. Vascular occlusions prevented myceiafrom colonizing the slem in 25% of inoculated
plants. Vascular occlusions could be an important component of resistance to FHB in wheet varieties.

We have begun to elucidate the gene expression shiftsthat accompany sexua developmentin vitrousng EST-
based microarrays. Genes showing highest expression leve at earlier development stages were mainly those
related to metabolism and cdll type differentiation, while genes showed highest expression leve at later devel-
opment stages were mainly those related to cdllular transport. These studies provide new targetsfor control of
this devagtating pathogen. This research provides information about infection pathways and serves as abasis
for these and future investigations into the genetics of hogt-pathogen interactions.
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FUSARIUMSCREENO , A SENSITIVE, REALTIME AND
NON-DESTRUCTIVE MONITORING TOOL FOR
FUSARIUM INFECTION IN CEREALS
Theo van der Leg’, Henk Jalink, Rob van de Schoor,
Gert Kema and Cees Waalwijk

Plant Research International B.V ., P. O. Box 16, 6700 AA Wageningen, The Netherlands
*Corresponding Author: PH: 31-317 476 286; E-mail: Theo.vanderlee@wur.nl

ABSTRACT

A complex of Fusarium spp cause head blight on whest. Unlike the advances in the area of Fusarium
genomics, progressin the understanding of the infection process and the possible resi stance mechanisms of the
hogt is dow. In whest five different resstance mechanism to Fusarium are currently recognized, including
resstance to infection, resistance to colonization, resistance to kernel infection, tolerance to mycotoxins and
res stance to mycotoxin accumulation. To exploit these naturd types of resstance in whesat breeding programs
it isimportant to monitor the infection process to identify the type and the level of resstance in wheat geno-
types. We developed atool, caled FusariumScreen™ to quickly identify different levels and mechanisms of
resstance in whesat. FusariumScreen™ is based on high throughput fluorescenceimaging (HTH) and enables
fadt, detailed, non-destructive studies of the Fusarium-whest interaction. We inoculated wheat heads with a
Fusarium::GFP trandformant after which FusariumScreen™ simultaneoudy monitored the stress response on
the wheat plant by fluorescence of the chlorophyl and the occurrence of Fusarium due to the presence of
GFP. We checked the optimal spectrum by three dimensiona scanning of the absorption and emission spec-
trum, which enabled the proper adjustments to the filters resulting in a srong improvement of the signa:noise
ratio. We used these optimised settingsto monitor the infection processin atime lgpse seriesand quantified the
disease progress in an automated image analysis pipdine. Prdiminary results show that we are able to detect
Fusarium transformant not only on the surface of florets but also insde the flower tissue. The integration of
plant stress response and the increase in fungal biomass enables efficient screening of whest lines and will
generateinva uableinformeation about the infection process and the genetic variation for resistance mechanisms
in wheet and barley to Fusarium species.

529



Pathogenesis, Epidemiology, and Disease Forecasting

FUNCTION OF ASCI IN GIBBERELLA ZEAE
LuisVeasquez, Yvonne Letourneau* and Frances Trail**
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ABSTRACT

We have been investigating the mechanism of forcible ascospore discharge. For over 100 years, the working
hypothesis has been that turgor pressure drives ascospore gection. For thefirst time, we show that compo-
nents of the ascusfluid are crucid to generating turgor within the ascus. The components include mannitol and
ions. Wearein the process of ducidating therole of each in discharge. In addition, we have identified aDNA
binding protein that may beinvolved in the mechanism of ascospore discharge. Thesefindings shed light onthe
environmentd factors that influence spore discharge in the fied.
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ABSTRACT

In some cases fungicide application in subletha concentrations might lead to a reduction of Fusarium
graminearum biomass but to an increase in trichothecene contamination of grain. The molecular basis of
trichothecene regulation is poorly understood. In this study we want to elucidate the mycotoxin production,
namely deoxynivalenol (DON) and zearalenone (ZON), in several genetically defined mutants of F.
graminearum. These mutants are either strongly reduced in virulence or totaly gpathogenic.

We want to determine the amount of mycotoxin production of virulence mutants of. We cultivated the fungi
under controlled conditions on autoclaved grains of different cereds:

FGL1 lipase deficient mutants, which caused only minor disease symptoms after inoculation of whest, barley,
and maize.

Gpmk1 pathogenicity MAP kinase disruption mutants, which are complete gpathogenic.

Tri5 deficient mutants were generated out of three isolates of F. graminearum, well characterized in fied
experiments. FG06 (medium aggressive, NIV chemotype), FG25 (medium aggressive, DON chemotype,
produces medium levelsof DON), FG2311 (highly virulent, DON chemotype, produces high levelsof DON).
Disruption mutants were found to grow in vitro like the respective wild-type but are unable to produce
trichothecenes. The mutants were strongly reduced in virulence on whest, but not on barley and maize,

Inthe case of FGL 1 and Gpmk1 mutants, we want to assess, whether these virulence and pathogenicity genes
of F. graminearum are Sgna mediators for toxin production. In the case of the Tri5 disruption mutants we
want to assess the influence of the disruption the trichothecene pathway on the zearalenone polyketide path-
way. Both pathways primarily use acetyl-CoA starter molecules to synthesize the different toxins.
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ABSTRACT

Funga pathogens have evolved a number of different strategies to infect and colonize host plants. A lot of
fungd pathogens secrete various extracdlular enzymes which are supposed to be involved in hogt infection.
Enzymeslikexylanases, pectinases, cutinases, lipases, proteinases, and laccases are capabl e to degrade struc-
tural components of plants.

We could detect, clone, and characterize a secreted lipase (FGL1) of F. graminearum. The ORF of the
FGL1 gene consists of 1056 bp and is interrupted by two introns. The encoded lipase is composed of 337
amino acidswith acaculated molecular weight of 35.7 kDa. Thefunctiond identity of the lipase was examined
by heterologous gene expression in Pichia pastoris. The FGL 1 gene shows ahigh homology to known lipases
from Nectria haematococca and F. heterosporum. Expresson andyss of FGL 1 indicated that the gene can
be induced by suitable substrates and is repressed by catabolites. In planta, FGL 1 transcripts were aready
detected one day after inoculation of wheat spikes. To evduate the role of FGL 1 during the infection process
we created lipase deficient mutants by gene disruption and compared them to the wild type strain. Gene
disruption of FGL 1 resulted in asignificantly reduced extracdlular lipolytic activity of the mutants. After infec-
tion of wheat spikes, the FGL1 deficient strains showed a dragticaly reduced virulence. In contrast to
F. graminearumwild typeinfected wheet spikes, FGL 1 deficient strains were unable to colonize the rachis of
the spike. Infections of spikes were therefore restricted to the point of inoculation. Additiondly, maize ears
inoculated with F. graminearum wild type conidia are fully infected and develop no kerndls. In contragt, the
maize ears develop normaly and showed minor disease symptoms when inoculated with FGL1 deficient
grains.

Our data are the first molecular proof that a secreted lipase isamgor virulence factor of afungd pathogen.
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ABSTRACT

Fusarium Head Blight (FHB) of wheat and other small-grain ceredlsis a disease complex caused by severd
fungd species. To monitor and quantify the mgor speciesin the FHB complex during the growing season, redl-
time PCR was devel oped. TagMan primersand probeswere designed that showed high specificity for Fusarium
avenaceum, F. culmorum, F. graminearum, F. poae and Microdochium nivale var. majus. Incluson of an
internal PCR control and serid dilutions of pure genomic DNAs dlowed accurate determination of the con-
centration of funga DNA for each of these gpeciesin leaves, earsaswell as harvested grains of winter whest.
The DNA concentration of F. graminearum in grain samples corrdlated (R?= 0.7917) with the incidence of
this species on the grain as determined by isolation from individua kernds.

Application of the TagMan technology on field samples collected in 40 whegt cropsin The Netherlands during
the growing season of 2001 reveded that M. nivale var. majus predominated on leaves early in the season
(GS 45-65). Ears and harvested grains from the same fields, however, showed F. graminearum asthe major
gpecies. In 2002, grain samples from 40 Dutch fields showed amuch wider variety of species, whereasin ears
from 29 wheat crops in France F. graminearum was the predominant species. The concentration of DON
corrdlated equaly wdl with the incidence of the DON producing species F. culmorumand F. graminearum
in the grain samples (R? = 0.8232) as wdll as with tota DNA of both these species (R? = 0.8259). The
Fusarium TagMan technology we developed is an important tool to quantify and monitor the dynamics of
individua species of the complex causing FHB in ceredls during the growing season. This versatile tool has
been applied in acomparison of different genotypes, but can be applied to other disease management systems,
eg. fungicide treatments.
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OBJECTIVE

Toidentify wheat and fungd genesthat play important
rolesin FHB pathogenesis in whest.

INTRODUCTION

In genera, establishment of plant disease resultsfrom
complex interactions between the host plant and the
fungal pathogen, involving the expression of resstance
genes of the plant and the pathogenic genes of the
fungus. In both organisms, dtered gene expressions
occur from onset of the attempted fungal invasion.
These genes, specificaly induced by each other (eg.
host res stance genes by the pathogen and pathogenic
genes by the host), would be essentia to disease de-
velopment. In this study, we systematicaly compared
the gene expression profilesfrom FHB-infected aswell
as hedthy wheat spikes of both the FHB-resistant
cultivar ‘Sumai 3' and FHB-susceptible cultivar
‘Wheaton'. Among the differentialy expressed cDNA
fragmentsidentified, thosethat are associated with the
FHB-resistance of Sumai 3 were further anayzed,
assuming that they should be related to the essentia
genesfor the FHB-resistance of Sumai 3 or pathoge-
nicty of F. graminearum.

MATERIALSAND METHODS

Spring whest (TriticumaestivumL.) cultivars’ Suma
3 (FHB-resstant) and ‘Wheaton' (FHB-susceptible)
were used in this research. The procedures for FHB
inoculation, sample collection and preparation, and
DDRT-PCR were described by Yen et a. (2000).
cDNAsof interest were cut off directly from gels, pu-
rified, re-amplified with the corresponding primer set
used in the DDRT-PCR, cloned with PCR-TRAP®

Cloning System (GenHunter, Nashwille, TN USA), and
sequenced using ABI 310 automated DNA sequencer
with the primers Lseq and Rseq complementary to
the vector. The cloned cDNA fragmentswere used as
probes for Southern and Northern analyses. For
Northern, 1 ug mRNA per sample, prepared from high-
quality, totad RNA, was separated on 1.2% denatur-
ing agarose gel and transferred onto nylon membrane
using 10X SSC. For Southern blotting, genomic DNA
was extracted from young whest leaves and mycelia
of F. graminearum Fg4. For each sample, 10 ug of
total genomic DNA was digested with EcoRl, loaded
on 1% agarose gel and run overnight with TBE buffer
a 20 volts. DNA fragments were transferred onto
nylon membrane with 0.4N NaOH as the buffer.

RESULTSAND DISCUSSION

Five cDNAs (namdy, A7, C4, C7, G12 and G75)
that were differentidly expressed in the FHB-inocu-
lated ‘ Sumai 3 a around 32 hai and usudly in ashort
timeframewereidentified, cloned and sequenced (Fig.
1, Table 1). These differentid expressions were con-
sistently observed in repesated experiments. Southern
analyses with A7 and G12 as the probes reveded
grong hybridizing Sgnasin both Sumal 3 and Wheston,
but not in F. gramnearum (Fig. 2). Therefore, A7
and G12 should represent wheat genes. C4 probe
revealed two bandsin F. graminearum, but nosigna
in either ‘Sumal 3' or ‘Wheston', suggesting thet the
gene represented by C4 isa F. graminearum gene.
However, With C7 and G75 as probes, homologous
DNA fragments were detected in both wheat and F.
graminearum (Fig. 2). Therefore, Southern anadyses
faled to determine the organismd origin of C7 and
G75.
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Asshown in Fg. 3, Northern andysiswith C7 asthe
probe revealed hybridizing signals only in F.
graminearum. Congdering the result of our South-
ern andyss (Fig.2), C7 may represent two different
F. graminearum mRNA speciesthat may be encoded
by the same DNA sequence. Alternatively, the two
MRNAsmay share ahomol ogous sequence  their 3'
ends and the two corresponding coding genes may
located closdly on the same chromosome, or they may
not linked but happen to have the same size. Gene
expressionswere not detected by Northern blotting in
the two Fusariumrinoculaied whest cultivars, athough
themMRNA represented by C7 should bethere, at least
in the Fusarium+-inoculated * Sumal 3' asindicated in
Figure 1. A possible explanation isthat the expression
leved of the corresponding genesin the Fusarium-in-
oculated whest spikes wastoo low to be detected by
Northern blotting. A strong gene expression of about
8.23 kb mRNA was detected in theFusariuminocu-
lated * Sumai 3 spike by Northern anaysswith G75
asthe probe (Fig. 3). We could not, however, deter-
minewhether the expressed gene represented by G75
belongs to wheat or F. graminearum, or both be-
cause Southern analysis revealed homologous se-
guencesin both wheat and F. graminear um genomes
(Fig. 2). We could not rule out the possihility thet the
cognate funga gene expresses or greetly increasesits
expression leve only after the pathogen invadeswhest.
No hybridization Sgna was detected by A7, G12 and
C4 as the probes in the Northern analysis. Again, it
might be due to that their expression levels were too
low to be detected with Northern blotting.

No sequence in GenBank databases was found Sg-
nificantly smilar to any of the five cONAswhen using
BLASTX. Usng BLASTN, many sequences smilar
to the cDNAswerereveded. With C4 asthe query,
no smilar sequence was found in NR database while
8 highly smilar sequences were found in EST data-
base. Of these sequences, one (BM 134483, 4e-83)
isfrom the cDNA library of wheat spikesinfected by
F. graminearum (Kruger et al. 2002), three
(BU065460, 1e-83; BU059720, 1e-83; BU059357,
8e-76) from the cDNA library of nitrogen- or car-
bon-garved mycdiaof G. zeae (Trall et a. 2003);
two (B1200744, 2e-21; BI1191958, 1e-06) from the

cDNA library of Tri 10 overexpression strain of
Fusariumsporotrichioides; one (CD456658, 7e-67)
from the mycdium cDNA library of G.zeae under
trichothecene-production conditions; and one
(B1950399, 1e-25) from the spike cDNA library of
Fusariumrinfected Hordeum vulgare. Thosesmilar
sequences further suggested that C4 represent a
Fusarium gene, which might beinvolvedin thewheet-
Fusarium interaction. Among the eight sequences
highly smilar to C4 reveded by the GenBank search-
ing, three (B1200744, BI1191958 and CD456658)
were from cDNA libraries related to trichothecene
production.

With C7 asthe query, searching the NR database re-
vealed hundreds of 18SrRNA sequenceswith e-val-
ues less than e-100, including the partid rRNA se-
quences of four Fusarium species. Also, hundreds of
EST sequences were revedled smilar to C7 when
searching the EST database. C7 might represent agene
that shares homology sequence with the 18S rRNA
gene. Actualy, sequences complementary to 18S
rRNA have been found in alarge number of eukary-
otic MRNAs. Such mRNA-rRNA complementarity
has dso been shown to inhibit trandetion in eukary-
otes by saling the initiation complex (Tranque et d.,
1998; Hu et d., 1999; Verier and Jean-Jean 2000).
Our preliminary data suggest that C7 or other smilar
transcripts that sdlectively regulate the availability of
the target MRNASs for trandation.

With G12 asthe query, 11 blast hitswith e-vdue less
than 1e-87 were found in the NR database. The se-
quence (X02595.1) with theleast e-vadue (e-120) was
achloroplast gene encoding ATP synthase CF-O sub-
unit I & 111 from whest. However, it was the minus
drand of this gene that is Smilar to G12. G12 isdso
highly smilar to the minus strand of the barley chloro-
plast gene (AJ010573) encoding ATP synthase CF-
O Subunit I. Searching the EST data base reveded
100 blast hits with e-values less than 2e-64. The se-
quence (CA483759) withtheleast e-value (e-123) is
awheat cDNA from asubtracted library enriched for
Russian whegt gphid feeding response. This sequence
was, ds0, highly smilar to theminussrand of thewhest
chloroplast ATP synthase CF-O subunit | & 111 gene.
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ATPsynthaseisanimportant enzymeinboth ATPsyn-

thesis and hydrolization (Alberts et d. 1994). The
change of vacuolar H+-ATP synthase activity hasbeen
observed during salt-stress response in iceplant

(Mesembryanthemum crystallinum) (Low et al.

1996). In tomato cdl suspension culture, the activity
of plasma membrane H+-ATP synthase increased
when the cellsweretreated with dicitorsfrom thefun-

gd pathogen Cladosporium fulvum (Vera-Esrellaet
d., 1994). Also, the gd-subunit mMRNA of FOF1-ATP
synthaseismoderatdly up-regulated during acompat-

ible interaction between potato and its fungd patho-

gen Phytophthora infestans (Madrid et a., 1999).

Therefore, the cognate gene of G12 might have a
broader function in ATP synthase-mediated host de-

fense response againgt pathogen invaders or abiotic
sressWith A7 asthe query, one cDNA (BU991324)

with e-vaue 8e-31 in the EST database was found.

This cDNA was from Hordeum vulgar cdlus. No
smilar sequence was found for G75.
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Figure 1. Differentia digplay of mMRNASs of whest
cultivars‘Sumal 3 and ‘Wheeton' in 32 hai. Lanel,
2, 3 ae the FHB-inoculated *Wheston', the FHB-
inoculated ‘Sumai 3, and the water-inocul ated
‘Sumai 3, respectively. Arrows point to the cDNAS
cloned.
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Figure 2. Southern analysis of the five differentially expressed
cDNAs. S ‘Sumai 3'; W: ‘Wheaton’; F: F. graminearum.
Genomic DNA was digested with EcoRl.
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Figure 3. Northern analyses of mMRNA with cDNAs C7 and
G75 asthe probes. Lane 1: the water-inoculated ‘ Suami3';
Lane 2: the FHB-inoculated ‘ Sumai 3'; Lane 3: the FHB-
inoculated ‘Wheaton’; Lane 4: the water-inoculated Wheaton;
Lane 5: F. graminearunt M: RNA ladders (kb).
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Table 1. The sequences of specific ESTs

cDNA
C7

A7

Gl2

Sequence* Length(bp)

AACCTTAACGAGGAACAAT TGGAGGGECAAGT CTGGT GCCAGCAGCCGCGGTAAT TCCAGCTCTAATAGCGTATA
TTAAAGTTGT TGTGGT TAAAAAGCT CGTAGT TGAACCT TGGGCCT GECT GECCGGT CCGCCT CACCGCGT GTAC
TGGTCCEECCEEECCT TTCCCTCTGT GGAACCCCATGCCCT TCACT GGGCGT GGCGEEGAAACAGGACT TTTAC
TGT GAAAAAAAAAAAGCTT

AACGCTTTTATTCGAAGGGAAT GCCGAAGGAT TGGAGGATAACCCAT GGT CTGCAT TGACCAAGAGGAGT AACGT
TTGITTCCTGATGTAAAGTGTATATGTCATTTTTGCTGI GATCAAGGAT GAGTAAAGCACT GATGATGGAAGAT
GGTGAGGT TGCTTGGTAGATTATATACCCAGT GT TGATGCCCCAAAAAAAAAAAGCTT
AAGCTTATACCCGGCCAGGGCAATGTAGCTATCCCAATAAGATAT GAAAGCT GGGCCACACCTGAGCAAGGAAC
TTATACATAGAAGTAACAGT AAAT GT GCAAGAT TTGGACCACTGCCATTTCCTTAAACCATCAATCAACAAATT
GAAATAGAGATATCGGTATCT TCCAATCTGCCACAAGGATCTAGT CGCCAGTATCTTTGCCTTCTTCCCAACT T
ATCCCAGCATTCCTTGTAAGCGT TGCTATCACT ACGAAAAAGCAAGCCTACTTACTACGTGITTTCCTCTATTG
GCAAATACGCATATACT GACCTACTCACGT GCATATCTTGCATAAAGCCT TCCCCTAAAAAAAAAAAGCTT
AAGCTTCTCAACGATGAAACGAAATTAAT TCAAAAGAGT TGGAATGACGAAATACATATGGACCCTACAAATGT
CGGACCAAGT TAAATGGGGT GAAGCCCT TTGEGEGT TTCCATCCTCCGCTGCCGATAGCTGTACATTATACTTAG
CTGAGAAATCATACCCTTTCGT TTTGCGAAAAAAAAAAAGCTT

AAGCTTATACCGT GTTAATGGTCTCACATTCTTGGT TTATAGAGAATCAAAGT TGATTTACCAATGAGT CGCGA
AATCCTATGGTI TCTTCCATATGATTTCTGAATTTATTCAGTAAGTAATTCGT CGAGATCGTGCACCCTTTTCTT
ATTTATCCGAAAAATACTAAAAAATATTATAAAGT GCAGCCGGATAGATCCAATCTATTCTTGAAATAGACAAC
TCGCACACACTCCCTTTCCAAAAAAAAAAAGCTT

*The underlined sequences are the primer (5’ end) or the annealing sequence of primer
(3 end) used to define the ESTsin DDRT-PCR.

241

206

367

191

256
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ABSTRACT

There have been severa reports of ‘scab’ on rice caused by Fusarium graminearum. In addition, rice is
included, dong with other cereds, in CODEX’ s discussion on setting up maximum levels of deoxynivaenol
(DON) since DON can be detected in rice. However, knowledge regarding ‘scab’ on rice has been quite
limited. We artificidly inoculated rice with F. graminearumisol ates obtained from wheet and barley: spikes of
the potted rice plants were spray-inoculated at the anthesis with macroconidia suspension of the isolates, the
plants were placed in adew chamber at 100% humidity and 25°C for 16 h, and they werefinaly placed ina
greenhouse equipped with a sprinkler system that intermittently produces fine mist in order to keep the inocu-

lated spikes wet. Within aweek of inoculation, discoloration was observed on the glumes, and later, some of
the severdly discolored glumes were somewhat bleached. Salmon-pink sporodochiawere observed on some
of the saverely discolored florets after more than two weeks of inoculation, and such floretswere sterilein most
cases. Inthegrains harvested from the inocul ated spikes, trichothecene mycotoxins DON and nivalenol (N1V)
were detected. Whest and barley wereinoculated with F. graminearumisolates obtained fromrice, smilar to
the inoculation of rice with isolates obtained from wheeat and barley. Whest, barley, and rice were inoculated
with twenty-five isolates comprising 13 isolates from whegt or barley and 12 from rice; these isolates were
used individudly. All the isolates were virulent to dl the crops. However, their virulence to rice differed from
their virulence to wheat and barley. While agood correlation was observed between their virulence to whest
and barley (r = 0.76, p < 0.001) and between their virulence to two rice cultivars (r = 0.60, p < 0.01), no

positive correlation was observed between their virulence to whest or barley and their virulence to rice. Addi-

tiondly, the difference in the isolates virulence to the different crops appeared to associate with the isolates

chemotype. Among the tested isolates, the DON-chemotype group showed higher virulence than the NIV-

chemotype group to wheet and barley, whereas in case of rice, the NIV -chemotype group was more virulent

than the DON-chemotype group. Our results suggest that wheat or barley and rice would be the inoculum
source of Fusarium head blight (FHB) and scab in double-cropping system of those crops in Japan and that
thereisarisk of mycotoxin contamination in rice. Moreover, it is possible that prevaence of NIV-chemotype
of F. graminearum on wheat and barley in the western part of Japan could be attributed to the prevaence of
the double-cropping system of rice and wheet or barley in the area.
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INVESTIGATION OF KERNEL INFECTION BY
FUSARIUM GRAMINEARUM IN WHEAT
X.Zhangtand Y. Jr¥
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2USDA-ARS, Cered Disease Laboratory, St. Paul, MN, 55108, USA
“Corresponding Author:  PH: 612-625-5291; E-mail: yugjin@umn.edu

OBJECTIVES

This study was to investigete infection of whesat ker-
nelsby Fusarium graminearum in 14 spring whest
lines, and and-corrdation of kernd infection with vi-
sual scabby kernel (VSK), DON, and kernel discol-
ordion.

INTRODUCTION

Fusarium head blight (FHB) or scab of whest, prima:
rily caused by Fusarium gramineariuminthe USis
adedtructive disease. The pathogen primarily infects
the kernel and produce mycotoxin, deoxynivalenol
(DON). Host resstance to FHB is a complex trait.
Shroeder and Christensen (1963) proposed that re-
gstance to scab is of two types: resstance to initia
infection and resistance to the spread of the infection
withinaplant. Later, additiond types or components
of resistance were proposed (Mesterhazy, 1995). The
two principle resistance types proposed by Shroeder
and Christensen have been widdy used, whiletheoth-
ers are not clearly defined and methods of measuring
them are not yet standardized (Bushndll, 2002). The
proposals and debates on types and components of
resstance to FHB reflect the complexity and difficul-
tiesto work with this disease.

Currently, screening of FHB resstance of whest relies
heavily on field nurseries. Besdes assessment of vi-
sua symptoms on the spikes (disease severity and dis-
ease incidence), estimates of kernel damage by the
pathogen onthebasisof percentage of Fusarium-dam-
aged kernds (FDK) or visud scabby kernds (VSK,
Jones, 1999), and concentration of deoxynivaenal
(DON) have been a common practice in measuring
the disease. Symptoms used to determine VSK or

FDK include color (pink, chalky white, or pae gray),

and size of kernds (thin or shriveled) in comparison
with kernels of normal color and size. However color
of kernds harvested from FHB nursery could be a
trait of continuousvariation. Inour multipleyear spring
wheat FHB germplasm screening trids, it has been
observed that some lines exhibit a high percentage of
kernel discoloration (bleached), while the kernd ap-

pear plump and sound. In some materias, high per-

centege of shriveled kernelswith normd colorisadis

tinct reaction type of thoselines. Variations of kernel

color and size could be due to environmental stressor
F. graminearium damage, posng difficulties in dis-

tinguishing Fusarium damage from environment-in-

duced damage and in interpreting data.  This study
wasinitiated toinvestigateinfection by F. graminearum
of seed harvested from fidd FHB nursery, to com-

pare seed infection with VSK, DON, and seed infec-

tion levels with the visud agppearance of the kernd

measured by kernel color and size.

MATERIALSAND METHODS

Plant materials and field nursery management.
Fourteen spring whest linesfrom the FHB germplasm
screening nursery wereused. ND 2710 and Wheaton
were used asthe resistant and susceptible checks, re-
spectively. Field management and inoculation proce-
dures were described by Zhang et d. (2000, 2001).
A randomized complete block design was used in the
experiment with threereplicates. Entrieswere planted
in two-row five-foot long plotsin 2001 and 2002 in
Brookings, SD. The field was inoculated with F.
graminearum colonized corn kernels of 10 isolates
at aweekly interva for four consecutive weeks begin-
ning a the early jointing stage of plant development.
The plots were tagged at anthesis and inoculated with
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aconidia suspension (50,000-70,000 conidia/ml) of
amixture of the same 10 isolates usng arayer. A
second inoculation was gpplied five to seven days af-
ter thefirgt inoculation. Thenursery was migt-irrigated
following aschedule of 3-min miging with 30-minre-
cess between 8:00pm and 9:00am during the course
of inoculation. At maturity, the plots were hand-har-
vested, and threshed with acombinethenasingle plant
thresher a minimum wind force.

Data collection and analysis. Percentage of VSK
of each sample was estimated. DON concentration
was collected from 15g of the grain sample, and data
was provided by Beth Tacke, Dept. of Veterinary Di-

agnogtic Services, North Dakota State University,

Fargo, ND. Two hundred kernelsof each experiment
unit were randomly selected from the field grain
samples and sorted into four classes, 1) plump nor-
mal—the color of the seed appeared normal, the seed
was fully-developed; 2) plump bleached—the seed
appeared partidly to completely discolored, bleached,
the seed was of norma sze and fully-developed; 3)
shriveled norma—color of the seed appeared nor-

mad, but the seed was smd| and shriveled; and 4) shriv-

eled discol ored—the seed color was pink, bleached,
or gray, the seed was shriveled. The sorted kernels
were surface-gterilized in 10% sodium hypochlorite
for 45-60 seconds, then transferred to sterile distilled
water for 60 seconds. Sterilized seedswereplacedin
amodified acidic PDA medium, thenincubated at 22C
for 72h. The number of kernels with recovered F.

graminearum was recorded.

Analysis of variance was conducted on the percent-
age of kernd infection, VSK, DON using line, rep,
year and line*year as variables. Corrdation of the
kerndl infection, FDK, and DON were calculated us-
ing the means of each line over two years. Stepwise
regresson analyss was used to detect the most im-
portant class contributing to the totd infection of the
sample.

RESULTSAND DISCUSSI ON
Percentage of seed infection, VSK, and DON con-

centration of each linewerepresentedin Table1. The
meansof infected kernel and V SK were higher in 2002

than 2001, while DON concentration was Smilar be-
tween the two years. Anayss of variance of seed
infection, VSK, and DON indicated sgnificant effect
(p<0.01) of line, year, and year *line of dl thosethree
variables. Thisresult agreeswith the general consen-
susthat FHB is highly influenced by the environment.
Multiple environment test is essentia for screening for
resistance.

Corrdation of seedinfection and VSK was significant
(r=0.82, p<0.001). Correlation between seed infec-
tion and DON concentration was not significant
(r=0.28, p=0.335). VSK and DON weresignificantly
correlated (r=0.67, p =0.009). The result might be
explained by the fact that some lines (i.e. Sgpporo
Haru Komugi Jugo) in this study showed high DON
but low seed infection and VSK, and somelines (i.e.
Toka 66, NobeokaBozu) had low DON but moder-
ately high seed infection.

The fungus was recovered from al classes of wheat
kernds (Table 2) with the highest infection occurring
in the class of shriveled and discolored kernels (over-
al mean infection frequency=85.7%). The mean fre-
quency of infected kerndl of norma seed was 40.4%,
of bleached plump seed was 56.4%, and of shriveled
normal color kernel was 57.0%. Infection frequency
of normd kerne was sgnificantly correlated with the
bleached plump and normd shriveled kerndls, whereas
kernd infection in the class of shriveed and discol-
ored was not related to that in other classes (Table 3).
This result indicates that bleached plump and norma
dhriveled kerndswere mainly due to the environment,
i.e. irrigation and high temperature. Stepwise multiple
regresson of the percentage of seed infection in the
four classesto percentage of seed infection indicated
that al the four categories of kerndswereincluded in
themodd, while discolored (including pink and chalky
seeds) shriveled kernelsexplained 92.7% of thevaria
tion.
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Table 2. Percentage of kernel infection in four classes of kernels from FHB
field nurseriesin 2001 and 2002 in Brookings, SD.

Normal Normal color Bleach Shriveled

color plump shriveled plump kernel discolored
Line kernd (%) kernel (%) (%) kernd (%)
Surpresa 26.4 54.3 52.2 87.8
Sappro H. K, 27.0 45.0 14.8 85.6
Excelsior 29.5 37.5 41.8 86.0
Norin 43 31.0 10.0 61.3 79.5
Prodigio l. 33.3 27.3 50.4 76.4
Abura 36.4 45.8 52.5 82.7
ND 2710 36.8 67.3 53.3 80.6
Nobeoka B. 39.6 47.1 73.5 84.8
Average 40.1 49.7 56.1 85.7
Nyu Bai 427 59.8 67.3 90.4
Sin Chunaga 46.2 40.1 65.6 85.1
Norin 34 46.4 47.4 59.3 83.5
Tokai 66 47.4 64.3 60.2 93.9
Wheaton 49.3 62.4 72.2 91.5
Gogatsu-K. 79.2 79.9 75.2 87.7

Table 3. Correlation coefficients of percentage of kernel infection in four classes
of seed samples harvested from the FHB field nursery in 2001 and 2002.

Normal Normal color Discolored
color plump shriveled Bleached shriveled
kernel kernel plump kernel kernel
Normal color
plump seed 0.4866** 0.2906* 0.0987
Normal color
shriveled 0.1506 0.1531
Bleached
plump 0.2034

* ** = ggnificant at 0.05 and 0.01, respectively.
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OBJECTIVES

Our working hypothesis is that Fusarium
graminearum is able to overcome host resistance by
producing smal molecules suppressing defense gene
expression. Weintend to utilize the tools of genomics
toidentify fungd virulencefactorsand to usethe knowl-
edge gained to search for plant resistance mechanism
which are able to at least partly antagonize the funga
virulence factors. The improved understanding of the
interaction between plant and pathogen should be uti-
lized for development of new chemicd control strate-
gies, development of new screening and selectiontools
for breeders, and in biotechnol ogical approachesam-
ing to improve Fusarium resistance.

INTRODUCTION

In 2002 the Austrian Federal Ministry for Education,
Science and Culture has established the nationd ge-
nome program GEN-AU (http://www.gen-au.at/). In
the pilot project FUSARIUM (coordinated by G.
Adam) an interdisciplinary team of researchers from
BOKU and IFA Tulln, the TU Vienna, the Audtrian
Research Center Seibersdorf (ARCYS) and from the
wheat breeding company Saatzucht Donau (SZD)
found together to approach the Fusarium head blight
problem.

MATERIAL AND METHODS

Asafirs step towardsthe god to get new indghtsinto
funga virulence mechanisms by using the tools of
genomics, we have supported the development of the
Fusarium graminearum genome database by the
subcontractor MIPS (http://mips.gsf.de/genre/proj/
fusariumy). Severd team members areinvolved in ef-
forts to improve the available tools for functional
genomicsof Fusarium (e.g. repeated genedisruption
using the Creflox system). Changes in the metabolite
gpectrum of Fusarium gene disruptionswere charac-
terized usng HPLC-MS/MSS techniques. Modd or-
ganigms like yeast and Arabidopsis thaliana were
used to characterize and identify toxin resistance
mechanisms and to clone detoxification genes.

RESULTSAND DISCUSSION

Asafirg successful examplewe haveidentified agene
from the mode plant A. thaliana encoding a UDP-
glucosyltranderase, whichisableto detoxify theknown
Fusarium virulence factor deoxynivalenol
(Poppenberger et al., 2003). DON-glucosideisaso
formed in wheat Dall’ Asta et al., 2004), and this
detoxification reaction seems to be a very important
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res stance mechanism againg Fusariumasoin whest
(see contribution of M. Lemmens).

In collaboration with Prof. F. Trail (Michigan State
University) we are currently investigating the effect of
disruption of individua polyketide synthase (PKS)
genes on virulence of F. graminearum and on its
metabolite spectrum. Preliminary results suggest that
inactivation of a PK'S gene necessary for zearaenone
(ZON) production leads to a moderate reduction in
aggressveness of the mutant on wheet heads. Wehave
investigated the effect of ZON on the modd plant
Arabidopsis thaliana. Results of Affymetrix
microarray experiments and characterization of signa
transduction mutants indicate that ZON represses
genes encoding proteins involved in cdl wal modifi-
caion/reinforcement, mogt likely by interfering withthe
ethylene sgnding pathway. We have identified an
Arabiodpsis gene encoding aUDP glucosyltransferase
inactivating zearalenone (Poppenberger et al., in
preparation).

We have furthermore identified a Fusarium ZON
detoxification gene which seemsto play arole in sf
protection (Mitterbauer et al., in preparation). Inacti-
vation of the predicted sulfotransferase gene leads to
loss of production of ZON and ZON-sulfate.

One result supporting the suppressor hypothesisisthe
recent identification of anew virulence gene. Deletion
of this gene leads to highly pleiotropic changesin the
metabolite spectrum of F. graminearumand anearly
complete loss in the ability to cause dissase. We are
currently working on the development of a bioassay
dlowing high throughput screening for inhibitors of this
potentid target for Fusarium control.
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ABSTRACT

We have developed aDNA chip to facilitate expression studies of genesinvolved in the synthess of secondary
metabolitesin Fusarium graminearum and related species. The genome sequence from F. graminearum
was used to design aPCR probe that correspondsto 9 genes from thetrichothecene cluster, 8 ABC transport-
ers, 15 polyketid synthases, 21 peptidsynthetases, and 6 genes from the aurofusarin cluster. As an internd
standard for funga growth, probes corresponding to the constitutive expressed genes, b-tubulin and glycerd-
dehydes-3-phosphate, gpd, were generated. The DNA chips were spotted using a Genetix Q-pix Robot
(contact spotting) and scanned using a ArrayWoRXx scanner (Applied Prescison Inc.). The chip design in-
cluded one replication of the target genes and severa copies of the interna standards.

Secondary metabolites are expressed relaivey late in the fungd life cycle and under stress. Some of these
substances have a detrimentd effect on the quaity of RNA and the amounts that can be purified. Contaminat-
ing compounds or degradation of RNA prepared from older cultures hasresulted in alowered efficiency of the
incorporation of Cy3/Cyb. Severd different methodsaretested to overcomethisproblem. Anaysesof aurofusarin
deficient mutantsindicate that this pigment may in part be responsible for the problem. Preiminary resultsfrom
comparison of 3 different F. culmorum isolates showed a sgnificant difference in the regulation of two ABC
transporters and Tri101 (trichothecene 3-O-acetyl transferase). To determine how gene expression correlates
to the presence of secondary metabolites a time series experiment using F. culmorum is performed. The
trichothecenes are analysed by HPLC and the expression profile of the tri genes determined by DNA chip
anadyses. To increase the sengtivity of the assay dlowing the use of smaler amounts of RNA from infected
plant materia a Gensisphere 3DNA array 900™ kit istested.
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FUNCTIONAL ANALY SIS OF TRICHOTHECENE BIOSYNTHETIC
GENES VIA HETEROLOGOUS EXPRESSION IN A TRICHOTHECENE-
NONPRODUCING FUSARIUM SPECIES
N.J. Alexander™, S.P. McCormick®, R.H. Proctor! and L.J. Harri&

Mycotoxin Research Unit, NCAUR/USDA, 1815 N. University St. Peoria, IL 61604; and
2Bioproducts & Bioprocesses, Agriculture & Agri-Food Canada, Eastern Cereal and Oilseed
Research Centre, Ottawa, ON, K1A0C6, Canada
*Corresponding Author: PH: (309) 681-6295; E-mail: aexannj@ncaur.usda.gov

ABSTRACT

The biosynthesis of trichothecene mycotoxins by Fusarium sporotrichioides and F. graminearuminvolvesa
complex biochemica pathway that begins with the cyclization of farnesyl pyrophosphate to the sesquiterpene
hydrocarbon trichodiene and continues with multi ple oxygenation, cydlization and ederification reections. While
amog dl of the steps in the pathway have been identified, there are ill some questions regarding gene
function, particularly of severd of the P450 enzymes involved in the oxygenation steps. In previous studies
usng F. sporotrichioides, disruption of the P450 monooxygenase-encoding gene Tri4 blocked trichothecene
production and led to the accumulation of trichodiene. Therefore, trichodiene is the likely subgrate of the
TRI4 protein. To further eucidate the function of the TRI4 protein, we heterologoudy expressed the F.
graminearum Tri4 (FgTri4) in F. verticillioides, which does not produce trichothecenes. Transgenic F.
verticillioides carrying FgTri4 under the control of a fumonisn biosynthetic gene (FUM8) promoter con-
verted exogenoustrichodiene to isotrichodermin. Conversion of trichodieneto isotrichodermin requires seven
geps. Previous studies indicate that two of these reactions are non-enzymatic, and feeding studies done here
indicate that wild-type F. verticillioides can convert isotrichodermoal to isotrichodermin.  Thus, theremaining
four oxygenation reactions required for the conversion of trichodiene to isotrichotriol must be catalyzed by the
TRI4 protein, suggesting thet it isamultifunctiond monooxygenase. Using asmilar srategy, we andyzed the
expression of FgTRI1 and FSTRI1. We have shown the usefulness of using atransgenic expresson sysemto
determine function of unknown genes which should be helpful in andyzing the many genes tha are being
identified in genomic projects.
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MONITORING OF FHB USING PCR FOR QUALITATIVEAND
QUANTITATIVE DETECTION OF FUSARIUM SPP
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ABSTRACT

Sincethe 1990ies Fusarium head blight (FHB) and the resulting mycotoxin (mainly DON) contamination of the
crops are agreat problem in winter wheat production in Bavaria. Main objective isto elaborate aforecasting
system for FHB and DON production based on the correlation of actua epidemiologicd data gained in the
field and the corresponding meteorologica parameters captured by weather stationsin spatia proximity. Asa
firg sep in our project fidd trids usng Fusarium graminearum infected maize stubbles as inoculum were
conducted in 2004. Two different cultivars of winter wheat were planted at two different locations and the
development of FHB was monitored throughout the growing period. Samples were taken two times a week.
For quditative and quantitative determination of Fusariumin these samples PCR-based methodswere el abo-
rated. For the quantitative gpproach redtime PCR using SY BR green and Tagman ® probes are chosen. First
results with the newly designed primers and probes are shown. As a prerequisite for the risk assessment of
DON production in a next step a test for expresson of the tri 5 gene, coding for the key enzyme in the
production of thrichothecene mycotoxins, isto be established.
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CROSS FERTILITY OF GIBBERELLA ZEAE
R.L. Bowden", JF. Ledie?, Jungkwan Lee? and Yin-Won Lee?
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ABSTRACT

O Donnell et al. (2000) divided Gibberella zeae into saven phylogendtic lineages and this was extended to
eight lineages by Ward et d. (2002). Recently, the lineages were extended to nine and given species rank by
O'Donnéll et d. (2004). Bowden and Ledie (1999) had previoudy shown crossfertility between somedrans
later placed in different speciesin the Gibberella zeae clade by O’ Donnell et d. The objective of this study
was to estimate the potentia for genetic exchange between these lineages or species by quantifying cross
fertility in the laboratory. Crosses were conducted on carrot agar as described by Bowden and Ledie (1999).
Three drainsof G. zeae lineage 7 with an insertion in the MAT1-2 locus that renders them heterothdlic were
used asfemdes (Lee et d., 2003). Standardized suspensions of macroconidiafrom strains of each of the nine
lineages were used asmalesto fertilize the femaes. At least two male strainswere used for each lineage except
lineage 1. On day 10 after fertilization, carrot agar plates were inverted in a40 cm spore settling tower made
of 10 cm PV C pipe. Fertility was measured by counting ascospores deposited overnight on water agar plates
at the bottom of the spore settling tower. Homothallic cultures and unfertilized heterothadlic strains served as
controls. Crossfertility was highly variable and differed for the three femde strains. All maesfrom dl lineages
produced vigble progeny with at least one lineage 7 femde drain. Individud pairings of lineage 7 femaeswith
males of lineages 1, 4, 5, 6, and 9 showed fertility levels comparable to lineage 7 x 7 crosses. Pairings with
representatives of lineages 2, 3, and 8 arein progress. No evidence for congstent fertility barriers between the
lineages (or species) of O'Donndll et d. (2004) and lineage 7 has been found.
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ABSTRACT

Fusarium graminearumistheasexud conidia stage
of a haploid fungus that can sdlf-fertilize to produce
the sexua ascospore stage, Gibberella zeae. Although
predominantly an inbreeder, G. zeae has been shown
to outcrossin laboratory studies (Bowden and Ledlie,
1999). Crosses can befertile both within and between
the lineages of G. zeae described by O’ Donnell et d.
(2000). A difficulty ingenetic sudiesof fungi withmixed
mating systems is digtinguishing sdlfings from out-
crosses. One solution is to use pairs of complemen-
tary auxotrophic markers, such as nitrate nonutilizing
mutants, to detect recombinants among random as-
cospore progeny (Bowden and Ledie, 1999). In this
fungus, dl asdl inindividud perithecia result from one
fertilization event and contain ether seifed or outcrossed
ascospore progeny, but not both. When the as-
cosporesfromanindividua perithecium are collected,
sngle segregating markers can be used to detect out-
crosses. Another solutionisto create obligate outcross-
ing srainsby deeting portions of the meting type (MAT)
locus (Lee et d., 2003). Segregation occursinthe F,
generation in haploid fungi so recombinant population
development can be rapid.

These genetic techniques make genetic mapping pos-
gble in this fungus. To date, we are aware of three
genetic maps of G. zeae (Bowden et al, 2002;
Jurgenson et a., 2002; and Gae and Kidler, http://
www.broad.mit.edu/annotati on/fungi/fusarium/
maps.html). Markers utilized to construct the maps
include Amplified Fragment Length Polymorphisms
(AFLP), Redtriction Fragment Length Polymorphisms
(RFLP), Cleaved Amplified Polymorphic Sequences
(CAPS), Derived Cleaved Amplified Polymorphic
Sequences (ACAPS), and Simple Sequence Repeats
(SSR). The genomic sequence of G. zeae (http:/

www.broad.mit.edu/annotation/fungi/fusarium/
index.html) has been a vauable tool for development
of some of these markers. A variety of software has
been usad for haploid linkage andysis including Map
Maker, MapManager QTX, and JoinMap.

The genetic maps of G. zeae are ussful for many pur-
poses. For example, the linkage map of Jurgenson et
a. (2002) was used to sdlect an unbiased set of un-
linked AFLP markersfor population diversity sudies
of G. zeae (Zdler et d., 2003, 2004). Genetic maps
can be used to ass & or vaidate the genomic sequence
assembly. Comparative mapping is useful for under-
ganding differences in genome organization between
Species, lineages, or srains. Perhaps most importantly,
genetic maps are vauable tools to dissect the genetic
basis of important traits of the pathogen such astoxin
production, fertility, or aggressiveness.

The map of Jurgenson et a. was based on a cross
between a Japanese barley strain (R-5470, lineage 6)
and a Kansas wheat dtrain (Z-3639, lineage 7). This
cross was chosen because it was polymorphic for
trichothecenetoxintype (nivaenol vs. deoxynivaenal),
toxin amount, colony color, femdefertility, and AFLP
banding patterns. The map contains 1048 polymor-
phic markers, primarily AFLPs, which map to 468
uniguelod onninelinkagegroups. Thetota map length
isapproximately 1300 cM with an average interva of
2.8 map units between loci. The map was used to
position the deoxynivaenol/nivaenol switch in the
trichothecene gene cluster. This was corroborated
when the Tri13 gene in the trichothecene cluster was
proved to be the switch (Lee et d. 2002). We dso
located a maor gene for toxin accumulation (TOX1)
whichwastightly linked to femdefertility (PERI 1) and
colony color (PIG1)
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In collaboration with colleagues at the Universty of
Hohenhelm, we conducted aQTL anaysis of the ag-
gressiveness of the progeny of the Jurgenson et dl.
mapping cross (Cumagun et d., 2004). We identified
two mgjor QTLsfor pathogenicity or aggressveness.
One locus (PATH1) maps on linkage group IV near
TOX1, which controlstoxin amount. Progeny produc-
ing little or no detectable trichothecene toxin had very
low pathogenicity, an effect that had previoudy been
reported (Proctor et d., 1995). The other QTL maps
onlinkagegroup | and is centered on thetrichothecene
gene clugter that contains the deoxynivalenol vs.
nivdenol switch. Progeny producing deoxynivaenal
were, on average, twice as aggressive as those pro-
ducing nivdenal. Boath the high aggressveness and
high pathogenicity alees were from the Kansas par-
ent. It was interesting that no transgressive segrega
tion for aggressiveness was detected in this cross be-
tween lineages 6 and 7.

Therelease of the genomic sequence of G. zeaedran
PH-1 by the Broad Ingtitute provided an opportunity
to dign the sequence assembly with our linkage map.
We used 7 sequenced structural genes and 130 se-
quenced AFLP markers from al nine linkage groups
of the genetic map (Lee &t al., 2004). One hundred
and fifteen markers were associated with nine
supercontigs of the genomic sequence. Thedignments
of linkage groups with supercontigs alowed the as-
sembly of four putative chromosomes that anchored
99% of the genomic sequence. Co-linearity of the
physicad and geneticsmapswasvery high, though there
wassomeevidenceof inversonson two chromosomes,
The map by Gae and Kistler dso showed ahigh de-
gree of co-linearity and anchored 99.8% of the ge-
nomic sequence. The supercontigs joined by the two
mapsarein agreement. Theseresultsvaidate both the
genomic sequence assembly and the linkage maps.
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ABSTRACT

Fusarium head blight (FHB) is an important disease of whest, barley and maize world-wide. Fusariumfung
exhibit an extraordinary degree of biodiversity with respect to morphologica, physiologica and ecologica
characterigtics. This study used AFLP andysis, to examine the inter- and intra-gpecies genetic diversity of 80
Fusariumwhesat-pathogenic i solates representing five species (F. avenaceum, F. culmorum, F. graminearum,
F. poae and M. nivale) and originating from Ireland, the UK, Hungary and Italy. Nine other F. graminearum
isolates representing the different geographic lineages and isolates of seven other Fusarium species were
included in this study. Isolates were identified morphologicaly and by species-specific PCR andysis. At the
intracspeciesleve, UPGMA cluster andysisof AFLP datareveded that theF. avenaceum, F. culmorumand
F. graminearum isolates showed the highest level of genetic smilarity. The most geneticaly diverse species
were F. poae and M. nivale. Principa coordinate andysis of AFLP datagenerally confirmed the same cluster
profile as did the dendrograms. The present study aso found a relationship between genetic diversity and
country of origin of theisolates within certain species; no rel ationship was found between genetic diversity and
growth or pathogenicity of the isolates.
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ABSTRACT

Fusarium head blight, caused by Fusarium graminearum, isamaor disease in wheat and barley. To engble
genomics sudies of F. graminearum, we developed abacterid artificial chromosome (BAC)-based physical
map and integrated it with the genome sequence and genetic map. We developed two complementary ge-
nomic libraries with average insert szes of 107 and 95 kb, which were estimated to exhibit 23-fold genome
coverage. We fingerprinted 4,224 BAC clones and developed a physicd map conssting of 112 contigs.
Usng lower stringency parameters for contig assembly, 112 contigs were assembled into 26 contig groups
covering 36.4 Mb. The physica map was confirmed by comparing our map to the genome sequence posted
on the F. graminearum database website (http://mwww.broad.mit.edw/cgi-bin/annotation/fusarium). Our re-
sults show high consistency of the physica map with the genome sequence. Among the 112 contigs used for
BAC assembly, 3 contigs did not match with any of the genomic sequences registered in database. To further
vdidate the physcad map and to integrate the physcad map and the genetic map, we sdected 30 genetic
markers evenly covering the whole genome and conducted PCR-based screening of the BAC clones. The
physicad map was consstent with the genetic map throughout the entire genome. Our current physical map,
integrated with the genome sequence and genetic map, will enable advanced studies such as gene cloning,
comparative mapping, and eucidation of F. graminearum genome organization.
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OBJECTIVES

1. Tousespecies-specific PCR assaysto identify nine
Fusarium species collected from cereds in Canada.

2. To screen cered samples for Fusaria usng PCR
and whole seed plating techniques.

INTRODUCTION

Fusarium head blight (FHB) isone of the mgor funga
diseases of cereals in Canada and worldwide.
Fusarium graminearum Schwabe is the predomi-
nant FHB pathogen in Manitoba and southeastern
Saskatchewan (Clear and Peatrick, 2000). The other
principad FHB pathogensin CanadaareF. avenaceum
(Cordaex Fr.) Sacc. and F. culmorum (W.G. Smith)
Sacc. Several other common Fusarium speciesaso
infect cereal grains in Canada, including F.
acuminatum Ell. & Ev., F. equiseti (Corda) Sacc.,
F. poae (Peck) Wollenw., and F. sporotrichioides
Sherb. (Clear et d., 2000a, Clear et d., 2000b, Clear
and Patrick 1993).

The traditiond diagnostic method for the detection
and identification of Fusarium speciesin pure culture
or ininfected grainisusualy based on the observation
of themicro and macro morphologica features of cul-
tures developing on a nonsdective agar medium. Be-
sdesrequiring agrowth period of severd days, many
of the diagnostic characters can be dtered by the cul-
ture conditions. In addition, when culturing fungi from
seed, only viable fungi that are able to compete well
enough to be visudly detectable are recorded. Poly-
merase chain reaction (PCR) is a sengtive and rapid
method that can be used for detection and screening
of Fusarium speciesininfected grainsamples. Inthis

study, species-specific PCR assay was used for the
detection and identification of nine Fusarium species
in pure mycdlid cultures and grain samples.

MATERIALSAND METHODS

Grain samples— The wheat sampleswere compos-
itesof producer deliveriesfrom 39 crop didtrictsacross
western Canada. The other grain samples were from
individua producers.

Mycological analysis— 200 seeds from each grain
sample were surface disinfected and placed onto po-
tato dextrose agar (PDA) for 5 days and anayzed
according to Clear and Patrick (2000).

Fungal cultures—For each culturein thisstudy, ini-
tid fungd isolations were made by transferring myce-
liagrowing frominfected cered seed (or for threeiso-
latesof F. pseudograminearum, from straw) to apetri
plate containing PDA. After 5to 10 daysof growth at
room temperature and under UV light, a spore sus-
pension was prepared and spread onto a fresh PDA
plate and incubated for 18 h a room temperature. A
sngle germinating conidium was then removed from
thePDA plate, transferred to an SNA plate (Nirenberg
1981), and after 7 days growth stored in aplastic bag
at 4°C for up to one year.

DNA extraction —For DNA extraction, mycdiafrom
the SNA plates were transferred to PDA plates and
incubated in the dark at room temperaturefor 7 to 10
days. The mycedlia were then harvested and freeze-
dried prior to DNA extraction. DNA was aso ex-
tracted from fresh mycdlid cultureswithout freeze dry-
ing. For cereal samples, a20g samplewasground in
a coffee grinder and then a subsample of 0.2g was
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taken for DNA extraction. Sodium dodecyl sulphate
(SDS) based buffer was used for DNA extraction.

Polymerase chain reaction — PCR for single spe-
cies detection was performed in 96-well plates con-
taining 25 L of areaction mixture conggting of 1.5
mM MgCl,, 50 mM KClI, 10 mM Tris-HCI (pH8.3),
0.2 mM of each of thefour dNTPs, 0.25 uM of each
oligonuclectide primer (Table 1), 1.5 P DNA solu-
tion and 0.15 units of Taqg DNA polymerase (Applied
Biosystems, Foster, CA). AccuPrimeO Tag DNA
polymerase (Invitrogen, Burlington, CA) was used for
multiplex PCR according to the manufacturer’s rec-
ommendations. DNA amplification was performedin
an MJ Research PTC-200 Therma Cycler usng an
initia 3.0 min denaturation a 95°C; and then 38 cycles
of 30 sat &°C, 20 sat 62°C, and 45 s at 72°C, fol-
lowed by afind extenson of 5 min a 72°C. Annedl-
ing temperatures of 56°C and 57°C were used for F.
acuminatum and F. pseudograminearum PCR re-

actions, respectively.
RESULTSAND DISCUSSION

PCR detection of Fusarium species — Twelve F.
acuminatum, nine F. avenaceum, seven F.
crookwellense, 12 F. culmorum, 11 F. equiseti, 77
F. graminearum (72 isolatesfrom Canadaand 5iso-
lates from Australia), 10 F. poae, 23 F.
pseudograminearum (fiveof themfrom Audrdia) and
10 F. sporotrichioidesisolates were correctly identi-
fied using species-pecific PCR (datanot shown). The
primers for F. acuminatum, F. crookwellense, F.
culmorum, F. equiseti, F. graminearum, F. poae,
F. pseudograminearumand F. sporotrichioidesare
specific as there was no cross reaction when each
specific primer was used to amplify DNA from the
other Fusarium species. One of the primer sets for
F. avenaceum (FaF/FaR) dso amplified DNA frag-
mentsfrom F. acuminatum. The other primer set
(JIAF/R) was specific and did not amplify DNA from
the other eight Fusarium species.

A multiplex PCR reaction was developed for the S-
multaneous detection of the three most important my-
cotoxin producing Fusarium species (F. culmorum,
F. graminearum and F. sporotrichioides).

Detection of Fusariumspeciesin cereal grains —
Most grain samples were infected with several
Fusarium species. A comparison between the re-
aultsfor PCR and whole seed plating for Sx Fusarium
speciesis shown in Table 2. Fusarium avenaceum
was the most often detected species by both PCR
(using FaF/FaR primer) and whole seed agar plating
(Table2). TheFusariumavenaceum specific primer
(JIAF/R) waslesssengtivethan FaF/FaR primer (am-
plifiesboth F. avenaceum and F. acuminatum) in
amplification of infected grain samples. Four of the
SiX species were detected in more samples by PCR
than by whole seed plating, with only F. poae and F.
sporotrichioides being detected dightly more often
by whole seed plating than by PCR (Table 2). Three
species, F. crookwellense, F. acuminatum and F.
pseudograminearum, were not included in Table 2.
For F. crookwel lense, only one sample of barley from
New Brunswick reveded apostivereaction with PCR
and whole seed agar plating. Fusariumacuminatum
was detected in severd grain samples when assayed
with whole seed agar plating. However, only those
samples that had a rdatively high frequency of seed
infection by Fusarium acuminatum (~35%) were
positive with the PCR assay (data not shown).
Fusarium pseudograminearumwas not detected in
any samples by either PCR (85 samples) or whole
seed agar plating (82 samples), reflecting the rare oc-
currence of this speciesinfecting cered seed in west-
ern Canada.

Out of 474 comparisons (using F. avenaceum, F.
culmorum, F. equiseti, F. graminearum, F. poae,
and F. sporotrichioides) between PCR and whole
seed agar plating results, a discrepancy occurred 83
times (Table 2). Ffty-four times a Fusarium spe-
cies-specific PCR amplification was obtained even
though the target species was not observed during
whole seed agar plating, whereas in 29 comparisons
thereversewastrue (Table2). Indl sampleswherea
discrepancy was noted the level of the target species
in the plating results was very low. Maost importantly,
F. graminearum was detected more often by PCR
(50 of 85 samples) than by whole seed agar plating
(36 of 82 samples), and the PCR-based method was
ableto accuratdy didtinguish between F. graminearum
and F. pseudograminearum. Failure of whole seed
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agar plating to detect speciesthat PCR detected may
be dueto theremoval of funga materid during surface
disnfestations, failureto detect the Fusariadueto com-
petition on the plate, or lack of viability of the target
species. Differences between PCR and whole seed
agar plaing results may aso be dueto varidion in the
two sampling techniquesand to low levelsof thetarget
gpecies on the grain. In this trid, whole seed agar
plating was done on 200 individua kernds, whereas
0.2g subsample from 20g ground seed was used for
DNA extraction and PCR analyses.

In summary, species-specific PCR assay was success-
fully used for the identification of nine Fusarium spe-
cies. The PCR assay was also used for the detection
of Fusarium species in severd types of cered gran.
The PCR assay used in this study can be used for rou-
tine detection and identification of Fusarium species
in mycdid cultures and grain samplesin Canada.
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Table 1. List of primer sequences, expected DNA fragment length and sources of
primers.

Primer Size

name Target Sequence (5’ — 3) (bp) Source*
FACF F. acuminatum GGGATATCGGGCCTCA 600 A
FACR GGGATATCGGCAAGATCG

FaF F. avenaceum CAAGCATTGTCGCCACTCTC 920 B
FaR GTTTGGCTCTACCGGGACTG

JIAF F. avenaceum GCTAATTCTTAACTTACTAGGGGCC 220 c
JIAR CTGTAATAGGTTATTTACATGGGCG

CroAF F. crookwellense CTCAGTGTCCACCGCGTTGCGTAG 842 D
CroAR CTCAGTGTCCCAATCAAATAGTCC

FCO1F F. culmorum ATGGTGAACTCGTCGTGGC 570 E
FCO1R CCCTTCTTACGCCAATCTCG

FEF1 F. equiseti CATACCTATACGTTGCCTCG 400 F
FER1 TTACCAGTAACGAGGTGTATG

FG11F F. graminearum CTCCGGATATGTTGCGTCAA 450 E
FGLIR GGTAGGTATCCGACATGGCAA

FP82F F. poae CAAGCAAACAGGCTCTTCACC 220 G
FP82R TGTTCCACCTCAGTGACAGGTT

AF330109CF F. sporotrichioides AAAAGCCCAAATTGCTGATG 332 H
AF330109CR TGGCATGTTCATTGTCACCT

FP1-1 F. pseudograminearum CGGGGTAGTTTCACATTTCYG 523 |
FP1-2 GAGAATGTGATGASGACAATA

"Sources of primers— A = Williams et al., 2002; B = Doohan et al., 1998; C = Turner et
al., 1998; D = Yoder et a., 1998; E = Nicholson et a., 1998; F = Mishraet al., 2003; G =
Parry and Nicholson 1996; H = Genbank AF330109 (primer designed by authors); | =
Aoki and O’ Donnel, 1999.
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Table2. Summary of Fusarium detection in grain samples using PCR and whole seed
agar plating.

PCR Whole seed
Fusarium PCR+ PCR- Similarity
species Crop #+ve #ve TTL #+ve #-ve TTL & WS- WS+ %
F. avenaceunt CWRS |37 |1 38 32 6 38 4 0 34/38 (89.5)
CWAD |26 |0 26 23 3 26 3 0 23/26 (88.5)
Barley |8 2 10 9 1 10 O 1 9/10 (90.0)
Oat 3 1 4 3 1 4 0 0 4/4 (100.0)
Cor |[O |6 6 0 3 - - - -
Rye 1 0 1 1 0 1 0 0 1/1 (100.0)
F. culmorum CWRS (5 33 38 4 34 38 5 4 29/38 (76.3)
CWAD (11 (15 26 10 16 26 3 2 21/26 (80.8)
Barley |0 10 10 1 9 10 O 1 9/10 (90.0)
Oat 1 3 4 1 3 4 1 0 3/4 (75.0)
Corn 0 6 6 0 3 - - - -
Rye 0 1 1 0 1 1 0 0 1/1 (100.0)
F. equiseti CWRS (20 (18 38 13 25 38 12 5 21/38 (55.3)
CWAD |21 |5 26 19 7 26 4 2 20/26 (76.9)
Barley |8 2 10 7 3 10 3 1 6/10 (60.0)
Oat 1 3 4 1 3 4 0 0 4/4 (100.0)
Corn 0 6 6 1 2 - - - -
Rye 1 0 1 1 0 1 0 0 1/1 (100.0)
F. graminearum CWRS (21 (17 38 14 24 38 8 1 29/38 (76.3)
CWAD (13 (13 26 10 16 26 4 1 21/26 (80.7)
Barley |9 1 10 9 1 10 O 0 10/10 (100.0)
Oat 3 1 4 2 2 4 1 0 3/4 (75.0)
Corn 3 3 6 0 3 - - - -
Rye 1 0 1 1 0 1 0 0 1/1 (100.0)
F. poae CWRS (14 (24 38 18 20 38 O 4 34/38 (89.5)
CWAD |9 17 26 9 17 26 1 1 24126 (92.3)
Barley |6 4 10 9 1 10 O 3 7/10 (70.0)
Oat 2 2 4 3 1 4 0 1 3/4 (75.0)
Corn 0 6 6 0 3 - - - -
Rye 0 1 1 0 1 1 0 0 1/1 (100.0)
F. sporatrichioides | CWRS |20 |18 38 21 17 38 3 0 35/38 (92.1)
CWAD (15 (11 26 19 7 26 2 2 22/26 (84.6)
Barley |9 1 10 9 1 10 O 0 10/10 (100.0)
Oat 3 1 4 3 1 4 0 0 4/4 (100.0)
Corn 0 6 6 0 3 - - - -
Rye 1 0 1 1 0 1 0 0 1/1 (100.0)

3 FaF/FaR primer set was used for the PCR assay. "Three corn samples were received
ground, and thus whole seed agar plating was carried out for only three of the six corn
samples. WS = whole seed agar plating method. Two hundred seeds were used for whole
seed agar plating assay, whereas 0.2g from 20g ground sample was used for DNA
extraction and PCR assay.
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ABSTRACT

Fumonisins are polyketide-derived mycotoxins produced by Fusarium species of the Gibberella fujikuroi
complex. Wild type dtrains of the fungus produce predominantly four B-series fumonisins, designated FB1,
FB2, FB3 and FB4. Recently, acluster of 15 putative fumonisin biosynthetic genes (FUM) was described in
F. verticillioides. We have now conducted a functiond andysis of the FUM12 gene that is predicted to
encode a cytochrome P-450 monooxygenase. Therefore, we generated FUM12 disrupted mutants (FUM12)
of the wild-type F.verticillioides strain MUCL 43478 (M-3125). HPL C analyses reveded that the FB1 and
FB3 production of FUM12- mutants was reduced by over 98% and was at |east doubled for FB2 compared
to the progenitor strain. These resultsindicate that theFUM12 protein catayses the hydroxylation of the C-10
of the fumonisin backbone. Asthe phenotype of the mutantsisidentical to that of previoudy described mutants
with defective dleles a the meoticaly defined fum?2 locus, it appears that FUM12 and fum2 locus are the
same gene which is now renamed FUM2.
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ABSTRACT

Our initid studies have shown that the Fusarium graminearum species complex is comprised of gtrains
belonging to a least nine biogeographicaly structured cryptic speciesthat may differ sgnificantly in aggressve-
ness on wheat and mycotoxin production. To study this host-pathogen interaction a a genomic level and
identify fungal genesexpressed duringinitia infection (48 hoursafter inoculation), cDNA librarieswere crested
by suppression subtractive hybridization. One such library was congtructed usng RNA isolated from wheet
heads inoculated with a highly aggressive drain (tester) or with water (driver). The ESTs sequenced from this
library could be assembled into 182 contigs and 630 singletons. Of these, 349 ESTswere determined to be of
fungd origin according to their matches to the F. graminearum genome sequence. These sequences were
compared with ESTsfrom libraries crested using theF. graminearum grown under various culture conditions
and the whole genome sequences of Magnaporthe grisea and Neurospora crassa. Putative functions of
genes corresponding to the funga ESTs obtained from thislibrary were predicted based on comparisonswith
sequences from publicly available databases. Interestingly, nearly 56% of the fungal ESTs were mitochondria
relaed. Also, a dgnificant number of ESTs with no known homologs in currently available databases were
observed. These are believed to be new open reading frames specific to F. graminearum. Additiondly,

candidate genes potentialy involved in pathogenicity were identified e.g. those corresponding to genes coding
for an ABC trangporter, amino acid permease, polyketide synthase, histidine kinase and the regulatory gene
acR. Some of these have been selected for targeted deletion mutagenesis using gene replacement. Analysis of
these sequences and the methods used for successful gene replacement in F. graminearumwill be presented.
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ABSTRACT

Shortly after public release of the genome sequence of the plant pathogenic fungus Fusarium graminearum
by the Broad I ngtitute, automated draft gene callswere processed at MIPS and aso at the Broad I ngtitute. For
both predicted gene sets, a variety of bioinformatics methods were gpplied a MIPS using the PEDANT
system. Manua ingpection of the calls using different gene prediction programs and EST sequences were dso
conducted to examine underpredicted genes and verify predicted coding regions. In order to reduce mis-
designed probe sets, manua inspection of genes, at least the most interesting targets, is desirable before the
design of an Affymetrix GeneChip microarray design.

With the help of the Fusarium community we manually processed ~860 entries; 408 of the callswere dtered
or added ascompletdy new cdls. Tointegratedl different calsaswdl astheresults of the gpplied bioinformatics
methods, theF. graminearum Genome Database was created (http://mips.gsf.de/genre/proj/fusarium/). How-
ever, only 6.1 % of the putative 14,000 Fusarium genes were manualy processed.

During the manual gene modeing and correction procedure it appeared that the MIPS draft gene call st
performed sgnificantly better than the Broad set. Therefore we produced a combined gene call st for the
Affymetrix GeneChip design with the order of preference “manually processed new cals’ > “MIPS draft set”
> “Broad set”. To reduce the number of ~26,000 gene calls, the ORF sequences were truncated to 500 bases
towards the 3' end and al redundant call names were added to the preferred ones as an dias. This gpproach
resulted in aset of 16,926 cdls. The set of full length ORF sequences and an additional 611 EST- and rRNA-
sequences were submitted to Affymetrix for initiad computation of probe sets. After 3 rounds of chip design
proposas, the sets were gpproved for mask design. First chip experiments for validation are on the way.
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ABSTRACT

Weare conducting gene profiling experimentsusing Fusarium graminear um~4.5K unieST cDNA microarrays
and targeted gene disruptions to identify and functiondly test candidate genes suspected to be involved in F.
graminearum (Fg) pathogenicity. Fourteen F. graminearum cDNA libraries have been constructed from
funga cultures grown under avariety of conditions to generate a collection of ~10,000 expressed sequence
tags (ESTs) which group into ~5500 contigg/'singletons. A 4.5K unigene F. graminearum cDNA microarray
has been printed in-house and array hybridization experiments are underway to explore metabolite biosynthe-
ssand genesinduced upon plant contact. Initid array hybridizations have compared expression profiles of Fg
grown in liquid culture under conditions of trichothecene production over a 12-day period versus Fg in log
phase. Metabolite anayss (HPLC/NMR) of ethyl acetate extracts of these liquid cultures has indicated in-
creasing production of 15A-DON over the growth period as well as the presence of a second metabalite,
butenolide.

Functional andysis of candidate genes through gene disruption or modification is the focus of a collaborative
project between the USDA and Agriculture & Agri-Food Canada. For example, an andlysis of Fg ESTs
reveded a hotgpot of gene expresson from a putative nove biosynthetic gene clugter.  Eight consecutive
predicted genes are represented by a total of 51 Fg ESTs isolated from trichothecene-producing culture
conditions. In addition, five of the genes are represented by sx ESTs originating from Fg-infected wheet or
barley libraries, suggesting these genes are expressed in planta. Northern analysis conducted on seven of the
elght genes showed coordinated induction of gene expression, beginning at 4 days post induction and pesking
a approximately 10 days post induction in liquid culture. Expresson andlyss of the eighth geneisin progress.
Two of these genes have been initidly targeted for gene disruption.
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ABSTRACT

Most Fusariacausing wheat and barley head scab produce the type-B trichothecene deoxynivaenol and other
8-keto trichothecenes such as 3-acetyldeoxynivaenol and 15-acetyldeoxynivaenol. However, some fungi
found on head-blighted wheat are known to produce the more toxic type-A trichothecenes such as
diacetoxyscirpenol. Our objectiveisto fully €ucidate species and species boundarieswithin thetrichothecene-
producing group of Fusarium and to determine the trichothecene mycotoxin profile of dl species within the
group. We analyzed a set of 57 suspected type-A producers from the Penn State Fusarium Research Center
collection and the NRRL collection at Peoriausing molecular phylogeneticsand HPL C-M Sfor trichothecenes.
For HPLC-MS andlysis, cultures were grown on autoclaved rice grains and subjected to andysis for ten
trichothecenes. T-2 tetraol, nivalenol, deoxynivaenal, fusarenon-X, neosolaniol, 3-acetyldeoxynivaenol, 15-
acetyldeoxynivaenol, diacetoxyscirpenol, HT-2, and T-2 toxin. Peak identities were determined using mass
gpectrd andysis and comparison to standards. DNA sequences were generated from seven nuclear genes,
EF1-atrandation elongation factor, phosphate permease, 28SrDNA, Tril01, Tri4, Tri5 and Bo-tubulinand
subjected to phylogenetic andys's using maximum parsmony as the optimdlity criterion. Trichothecene-pro-
ducers resolved to four well-supported clades. Most type-B trichothecene producers associated with head
scab fdl into asingle clade, termed the Gibber ella zeae complex, which is derived from within the others. Our
initial observationsindicatethat there are specieswithin each of thethreetype-A producer cladesthat produce
type-B trichothecenes exclusively or in addition to type-A compounds. Species cgpable of producing both
type-A and type-B are found in two of three type-A clades. Previous reports have noted this phenomenon
only for F. kyushuense and recently for F. poae. We will report our ongoing work to define species and
mycotoxigenic potentia within the trichothecene-producing Fusaria
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ABSTRACT

Jurgenson et d. (2002) previoudy published a genetic map of Gibberella zeae (Fusarium graminearum)
based on a cross between Kansas strain Z-3639 (lineage 7) and Japanese strain R-5470 (lineage 6). The
genetic map was based on 1048 AFLP markers and consisted of nine linkage groups. We aigned the genetic
map with thefirst assembly of the genomic sequence of strain PH-1 (lineage 7) that was released by The Broad
Ingtitute (Cambridge, MA). We used 7 sequenced structura genesand 130 sequenced AFLP markersfrom dl
nine linkage groups (LG) of the genetic map. One hundred and fifteen markers were associated with nine
supercontigs (SC) of the genomic sequence. LG1, LG7, LG8 and LG9 digned with SC2 and SC5; LG2
aligned with SC3, SC8 and SC9; LG 3 digned with SC4 and SC6; and LG4, LG5 and LG6 aigned with SC1
and SC7. Approximately 99% of the sequence was anchored to the genetic map, indicating the high quality of
the sequence assembly and the relative completeness and vdidity of the genetic map. The alignments grouped
the linkage groups and supercontigs into four sets, suggesting that there are four chromosomes in this fungus.
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ABSTRACT

Weamed for theandyssof genetic variationin populations of Fusarium graminearum collected on aworld-

wide, regiond, and locd basis and within a crossng progeny by molecular markers (RAPD, AFLP) and
phenotypic traits. The traitswere: Aggressiveness on a susceptible host, deoxynivaenol [DON] and nivaenal
[NIV] production, and host colonization. The amount of genetic variation is an indicator for the evolutionary
potentia of a pathogen and provides an important clue for risk andyss of host resstance. Anayss of the
world-wide collection showed that practicaly dl isolates were mycotoxin producers, mosily of the DON (22/
26), but some of the NIV (4/26) chemotype. NIV producer were from Germany, Italy, and Brazil and gener-

aly lower aggressve. AFLP profiles of 38 isolates of the world collection showed a high level of molecular
diversity (mean GS 0.21). No grouping with respect to geographica origin or host species occurred. On a
regiona bass (southwestern Germany) dso a significant (P<0.01) genetic variaion for aggressveness was
found, isolates displayed asmilar genotypic range than the world collection. Smilarly, molecular diversty was
high even on the locd scale of two samdl (about 10.000 n¥) whest fidlds amounting to 46 to 64% of the
maximal genotypic diversity (G, ). In totd, 70 isolates yielded 53 multi-locus haplotypes within the largest
German population. Allelefrequenciesranged from 0.01 and 0.97 in thisloca population compared to 0.04 to
0.92 intheworld collection. A hierarchica andyss of diversty for RAPD bands and aggressiveness showed
that 84 and 54% of totd variance, respectively, was dready found within sampling sites of about 1 n?. Within
single-fidd populations from Hungary and Canadaalower, but still considerable genotypic variation (27-28%
of G_,) wasdetected. Crossing of two medium aggressiveisolates from Europe (Germany, Hungary) resulted
in aprogeny of 155 isolates displaying a sgnificant (P<0.01) and large segregation variance for aggressve-

ness, host colonization, and DON production. Moreover, sgnificant transgression directed towards higher
aggressiveness, colonization and DON production was found consistently across three environments. This
illugtrates that different aleles for these traits were present in both parents that were obvioudy combined to a
higher performance. The large molecular and phenotypic diversity of F. graminearum even on smal spatid

scales might be most likely caused by alarge population sze of the pathogen and regular recombination with
some extent of outcrossing. This enlarges dlde diversity, but favourable genotypes can ill be maintained by
asexud propagation. The frequent dternation between saprophytic and paragitic life cycle might additionaly

support a high degree of polymorphism within populations. In conclusion, the resultsreflect ahigh evolutionary
potentid of F. graminearum that might alow a non-specific adaptation to host resstance, especidly when
highly effective resstance sources are used on large acreages.
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ABSTRACT

The intergenic spacer of the rDNA units is located between 28S and 18S genes of the nuclear rDNA in
filamentous fungi with a length of about 2,5 kb in species of Fusarium. This region shows a high variahility
which iswidely used to andyse variahility a intragpecific level or among closaly rdated species. Vaiahility is
due to nuclectide subdtitutions and to differences in length, which are attributed to duplications or deletions
during crossing-over events. However, |GS region aso contains a number of relevant conserved motifs such
asthose matifs controlling rDNA expresson. We report the results of the comparative analysis of the primary
dructure of the IGS region to unravel the presence of repetitions and/or functional matifs in the Gibberella
fujikuroi species complex and closely related species. This complex is especidly reevant because it includes
cosmopoalitan pathogens of important agricultura plant species and they are important source of mycotoxins.
Severd short (14 nt) and long (120 nt) repetitions have been identified which showed variagbility in the number
and position, in the case of the short repeets, causing the occurrence of characteristic specific patterns and
differences in length which may be accompanying the speciation in this complex. These patterns could be
explained by recombination events reducing or increasing the number of repetitions and its relative postion.
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ABSTRACT

F. phyllophilum and F. ramigenum are two species newly described within the Gibberella fujikuroi com-
plex (Nirenberg and O’ Donnell, 1998). In previous studies, it was demonstrated that they were fumonisin
producers (Fotso et al., 2002; Van Hoveet al ., 2002). Asonly fragmentary data concerning their sexua stage
exist, we decided to focus our study i) on their mating identification, ii) on the search of their sexud stage, and
iii) on their phylogenetic relationships within the complex.

Therefore, the primers Gfmatla and Gfmat1b, previoudy developed by Steenkamp et al. (2000) for identifi-
cation of the mating type in theGibberella fujikuroi complex, were used to characterize theisolates. Interest-
ingly, two F. ramigenum strains (MUCL 43904 and 7612) presented two different mating sequences (MAT-
1 and MAT-2). Furthermore, two F. phyllophilum strains (MUCL 239 and 43905) were identified as MAT-
1 drains, whiletwoF. phyllophilum-like strains (MUCL 27661 and 44479) were identified asMAT-2 gtrains.
Phylogenetic analyses clearly separated F. ramigenum and F. phyllophilum from the other sequenced spe-
cies, particularly those for which the sexud stage has aready been described (mating population A to ). The
anadyses a'so demongtrated the close relationships of the two species with F. verticillioides.

Didlde crosses were tested on six different media, and under different light conditions. Besides the develop-
ment of peritheciain compdtible F. verticillioides crosses used as control, development of mature perithecia
was observed in F. ramigenum crosses, what isthefirst report of the sexud form for this species. On basis of
integration of the various results (morphological, molecular and crosses), we propose to create a new mating
type population J and its teleomorphic stage Gibberella ramigena. Additionna data are expected for F.
phyllophilum.
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ABSTRACT

Head scab of wheat caused by Fusarium spp. is characterized by bleaching of the wheat spike, shriveled
kernds and accumulation of mycotoxins which may cause various alments in humans and animas. Under-
ganding the variability of the funga population associated with head scab could improve disease control
drategies. The main am was to investigate the genotypic and pathogenic variability within F. graminearumin
rel ation to geographic origin. In the present sudy, F. graminearumwereisolated from di seased spikes sampled
from naturaly infected wheat from Punjab, Tamil Nadu and high Himaayas of Himacha Pradesh during 2000-
2002. Inter and intra species specific aggressiveness assessed could also be noticed on the basis of head scab
rating on different varieties of whest. F. graminearumisolates of Dalang Madan and Wellington were Sgnifi-
cantly more aggressive than L udhianaand Gurdaspur isolates of F. graminearum. Fusarium head scab ratings
were more on varieties Sonalika, HD 29 and PBW 222, irrespective of the isolate used. Randomly amplified
polymorphic DNA (RAPD) was used to Sudy genetic variationin natura pathogen populaionsof F. graminearum
(15 isolates). A screening of sixty one 10-mer oligonucleotide RAPD primers (OPAA 1-20, OPAC 1-20,
OPAD 1-20, OPV 14) reveded 19 RAPD primersto yield informative (polymorph), strong and reproducible
DNA amplicons (bands) by PCR. The number and size of the amplified fragments varied with different prim-
ers. The amplification products were in the range of 300 bp to 1.2 Kb. Maximum number of bands (11) were
scored with primer OPAD 12 followed by 10 bands with OPAA 12. The geneticdly most smilar isolates
belonged to Punjab viz., G 31 and L 23 (92.65 %) while the Lahaul valey isolate (D 3) and the Wellington
isolate (W 3) were found geneticaly most dissmilar (47.79 %). Clugter andysis of band sharing coefficients
separated isolates of F. graminearum into four clusters. This sudy has shown that there is a consderable
pathogenic and genotypic variahility among F. graminearum isolates obtained from infected whesat earheads
from different geographic regions of India
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OBJECTIVES

Vaiahility of Fusarium culmorum to pathogenic and
toxic will study.

Strainsof F. culmorumwill characterizeon 5 rye cul-
tivars.

INTRODUCTION

Scab or Fusarium heed blight (FHB) isa serious dis-
ease in many cered crops Russa This disease isthe
maost dangerous to the winter rye. FHB can sgnifi-
cantly reduce rye grain yield and quaity (Novozhilov
K.V., Levitin M.M., 1990; Monastirskij O.A. 2000;
G. Gang et d., 1998; lvaschenko V.G. et d, 2004).

The mycotoxins produced by Fusarium spp. in in-
fected grains are harmful to animals and human hedth
(Bila V.., 1955; Bamburg et dl, 1968; Mirocha et
al, 1976; Ivaschenko V.G. et d, 2004; Levitin M.M.,
1994; S. L. Walker et d., 2001).

The sdection of winter rye cultivars immune to FHB
congders the very perspective. But it is impossible
without study pathogenic and toxic qudities of fre-
quent fungus.

Fusarium culmorum (W.G.Sm.) Sacc. isoneof fre-
quent pathogens of scab in Moscow region.

MATERIALSAND METHODS

Genotypes F. culmorum with various morphologica
- culturd types (“C”) of colonies were received on
potato agar plates at 24°C during 2 weeks.

With the purpose of pathogenic and toxic quaitiesster-
ile seeds were inoculated with conidid suspensons
and culture filtrates of the 4 genotypes F. culmorum.
Inoculated and control (treated by adding 5 ml Serile
water) seeds were dlowed to continue germination
for 3 days, onfilter paper with low moisture level (25
seedg/Petri digh). In fours reiteration samples were
evauated for each experiment. For each genotype,
records of following parameters are taken:- the
germination’s percent of seeds; - length of root of
seeds.

Accounting information of control taken for 100 %.
RESULTSAND DISCUSSION

Genotypes F. culmorum with various MCT sgnifi-
cantly differed pathogenic and toxic qudity. Theandy-
gsof variance has showed sgnificant influence of fac-
tors (cultivars and strains) on percent of seed germi-
nation of winter rye(fig. 1, 2). Each bar representsthe
mean of experimentswith ten replicationsfor cultivar-
strain combinations averaged across 4 strains
Fusarium culmorum or 5 winter rye cultivars with
the purpose of reveding their influence on percent of
seed germination. Cultivars or drains with a letter in
common above the bar do not differ sgnificantly ac-
cording to Tukey’s multiple test (a= 0.05)*.

The grain MCT 1V dgnificantly differed ( P<0.05)
from grains “C” |, “C” 1ll and “C” V according to
Fisher’s criterion. Strain MCT 1V showed the greet-
est pathogenic and toxic qudity. It was reduced per-
cent of seed germination of winter rye on 50 % in
comparison with control. Differences between srains
F. culmorumwithMKT I, I1l and V wereinessentid.
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They were reduced percent of seed germination of
seeds on 61 % on average.

Didinctions in percent of seed germination on culti-
vars were sgnificant ( P<0.05). The least susceptible
to culturd suspension and culture filtrates were cul-
tures of rye Purgaand Falenskgja4 — percent of seed
germingion was 67 % in comparison with control.
Genotype of ryeVjatka 2 wasthe most susceptibleto
sudied gtrains. Percent of seed germination was 50
% in average.

Influence of cultivar-girain interactions was also da
tigicaly sgnificant ( P<0.05), separate distinctionsbe-
tween vaues of average percent of seed germination
have been inggnificant and marked with identica |&t-
tersabovethebars (fig. 3, 4). Each bar representsthe
mean of experimentswith ten replicationsfor cultivar-
strain combinations averaged across 4 strains
Fusarium culmorum or 5 winter rye cultivars with
the purpose of revedling their influence on percent of
seed germination. Cultivars or drains with a letter in
common above the bar do not differ sgnificantly ac-
cording to Tukey’s multiple test (a = 0.05)*.

The analyss of variance has showed sgnificant influ-
ence of factors (cultivarsand strains) on length of root
of seedsof winter rye. ThestransMCT IV and MCT
| sgnificantly differed (P<0.05) from grains “C” 11l
and “C” V according to Fisher’s criterion (fig. 5, 6).
These drainswere characterized high pathogenic quali-
ties. Stran MCT V was characterized less pathogenic
qudities to length of root. Strain MCT |V was char-
acterized hightoxic quditiesto length of root, and srain
MCT | was characterized less toxic qudities.

Didinctions in length of root of seeds of winter rye
were sgnificant (P<0.05). The least susceptible to
cultural suspension were culture of rye Flenskga4 —

length of root was 66 % in comparison with contral.
The least susceptible to culture filtrates were culture
of rye Fenskga 4, Purga and Bezenchukskga 88.
The mogt susceptible to culture filtrates were culture
of rye Shezhana

So F. culmorum showed high varigbility pathogenic
and toxic qualities. It isnecessary to note at the selec-
tion of resstance cultivars,
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Germination of rye seeds
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Figure 1. Mean percent of seed germination of five winter rye cultivars inoculated with
conidia suspension of four strains Fusarium culmorumwith various morphological - cultural
types (? C?) of colonies(l, Il1, IV and V).
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Figure 2. Mean percent of seed germination of five winter rye cultivars inoculated with
culture filtrates of four strains Fusarium culmorumwith various ? C? of colonies (I, 111, IV
and V).
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Figure3. Mean percent of seed germination of five winter rye cultivarsinoculated with
conidia suspension of four strains Fusarium culmorumwith various ? C? of colonies (I, I11,
IV and V).
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ABSTRACT

Fusarium head blight caused mainly by Fusarium graminearum and F. culmorum is the most important
disease of wheat in Central Europe. Contamination of wheat by the mycotoxins produced by these and other
peciesisthe most serious effect of FHB, since these mycotoxins are harmful to both humansand animas. We
examined the mycotoxin producing abilities, aggressvenessand molecular variability of Fusariumgraminearum
isolatesusing different techniques. Altogether 26 Hungarian, three Austrian isolates and representatives of eight
Speciesidentified in the F. graminearum clade were involved in this study. Mycotoxin producing abilities of
the isolates were tested by GC-MS and HPLC. The mycotoxins tested included type B trichothecenes
(deoxynivadenal, 3- and 15-acetyl-deoxynivaenal, nivaenal, 4-acetyl-nivdenadl (fusarenone X)) and zeardenone.
All but one of the isolates produced zeardenone. The Central-European isolates were found to belong to
chemotype | (producing deoxynivaenol). Most isolates produced both 15- and 3-acetyl-DON, but the ma-
jority of them produced more 15-acetyl-deoxynivalenol than 3-acetyl-deoxynivalenol suggesting that they
bel ong to chemotype 1b. Huge differences were observed among DON producing abilities of theisolates (54-
16.000 mg kg?). All F. graminearum isolates were found to be highly pathogenic in in vitro aggressiveness
tests. During previous studies, most Central-European i solates were found to belong to lineege 7 characteristic
to the Northern hemisphere, with the exception of one Hungarian isolate based on RAPD and IGS-RFLP
data, and two other Hungarian isolates based on mitochondrial DNA RFLP analyss. We carried out sequence
andyss of a putative reductase gene to ascertain the taxonomic position of these isolates. Sequence data
confirmed that these isolates do not belong to the F. graminearum species, but represent isolates of the
species F. boothii and a so far undescribed species closaly related to F. asiaticum. The presence of mating
type gene homologs have aso been studied in the Central European isolates. All isolates carried both mating
typeidiomorphsin accordance with previousfindings. Further work isin progressto compare the pathogenic-
ity of the isolates belonging to different lineagesin fidd tedts.
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ABSTRACT

In the last two years, the genome of Gibberella zeae has been sequenced and genome-based microarray
chips have become available. These tremendous resources will provide an opportunity to study thelife cycle
of this important plant pathogen a aleve not previoudy within reech. Over the last severd years, we have
characterized the development of perithecia in vitro, and more recently, we have eucidated the process of
colonization of wheat tissue which leads to perithecium production The latter Sudies have reveaed the
formation of vascular occlusons which prevent mycdlia from colonizing the stem tissue. We have dso been
investigating the mechanism of forcible spore discharge in ascospore-producing fungi. For over 100 years, the
working hypothesis has been that turgor pressure drives ascospore gection. For thefirst time, we have shown
that components of the ascus fluid are crucid to generating turgor within the ascus. The components include
mannitol and ions. We are in the process of ducidating the role of each in discharge. In addition, we have
identified aDNA binding protein that may beinvolved in controlling mechanism of ascospore discharge. These
findings shed light on the environmentd factors that influence spore discharge in the field.

How can we use genomicsto extend these studies? We have begun to ducidate the gene expression shiftsthat
accompany sexua development in vitro using a limited EST-based microarray. Genes showing highest ex-
pression level at earlier development stages were mainly those related to metabolism and cell type differentia-
tion, while genes showed highest expression level at later development stages were mainly those related to
cdlular trangport. Wewill be ableto extend thissurvey to dl of the genesin the genome with the new genome
chip, and pinpoint those important for each developmenta stage. We can identify the genes regulated by the
DNA binding protein controlling discharge of spores, and thereby uncover the process whereby environmenta
factors are trandated into spore release.

We have dready used the genomic sequence to understand the production of mycotoxins. During host coloni-
zation, the fungus produces mycotoxins, including deoxynivaenol, zearaenone and aurofusarin, which make
the grain unfit for human and anima consumption. Zeardenone and aurofusarin belong to the family of com-
pounds called pol yketides. Polyketides are produced by Polyketide Synthases (PK'S) using acetyl or malonyl
precursors. We used the recently released genomic sequence to identify al the PKS genesin the genome. We
then disrupted each gene individualy and anayzed the mutants phenotypicaly. We were able to assgn func-
tion to five of 15 identified PKS genes. We continue to explore their role in the life cycle of this important

pathogen.

These studies provide new targets for control of this devastating pathogen. Elucidation of the developmenta
processes underlying the disease cycle and the response of the pathogen to the environment is an important
step towards devel oping integrated control Strategies. Thisresearch providesinformation about infection path-
ways and serves as abasis for these and future investigations into the genetics of host-pathogen interactions.
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ABSTRACT

Decisve steps in the interactions between hosts and pathogens occur at the onset of infection. During these
gages the fungd biomassis dill very limited and the mgority of mRNAswill originate from the host. To get a
better understanding of the genes involved in the infection process we generated cDNA libraries of infected
plants. In order to avoid sequencing large numbers of ESTS, before obtaining funga genes, we have devel oped
aprocedure that specificaly enriches for fungd sequences during the early (and later stages) of infection. This
alowed usto generate large datasets containing pathogen genesinvolved in the early stages of pathogenesisin
various pathosystems. Together with the huge amounts of data available through severa genome-sequencing
efforts (Whitehead, Sanger, TIGR, JGI/DOE, Genescope) there is a great need for bioinformatics tools to
mine and compare these large datasets. A bioinformatics platform has been developed that performs auto-
mated analysis of sequence datasets and allowsfor fast and robust comparison of different databases. Among
1724 F. graminearum in planta unigenes, we identified three ABC transporters that were not present in the
annotated genome of Magnaporthe grisea, two of which were dso absent in the Neurospora crassa ge-
nome. Among 4452 in planta unigenes from Mycosphaerella graminicola, we identified 41 unigenes in-
volved in Sgnd transduction, four of which were not previoudy identified in N. crassa.
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ABSTRACT

Effective disease control programsthat minimize the threet of FHB to the producers, processors, and consum-
ersof wheat and barley require a detailed understanding of pathogen diversity. Although the primary etiologi-
ca agent of FHB, Fusariumgraminearum, has been regarded as asingle, panmictic species worldwide, we
previoudy used genedlogical concordance phylogenetic species recognition (GCPSR) to demondirate thet this
morphospecies actudly congsts of at least nine phylogenetically digtinct and biogeographically structured spe-
cies (the Fg complex).

Here we report the identification of severa additiona specieswithin theFg complex, incdluding anove species
isolated from wheet withinthe U.S. In addition to the extraordinary speciesdiversity that we have discovered,
we have adso demondtrated that the virulence-associated trichothecene mycotoxin genes are under a novel
form of baancing sdection, which may have important consequences for the fitness and aggressiveness of
FHB pathogens on particular hosts or in particular environments. It gppears that only a fraction of FHB
species/chemotype diversty is currently represented within North America. Therefore, the introduction of
novel FHB pathogens or chemotypes viagloba trade in agricultura products has the potentid to exacerbate
the FHB problem inthe U.S. Using aunique multi-locus DNA sequence database (11 nuclear genes, 13.6 kb
of DNA sequence) we have developed a high-throughput single tube assay for the smultaneous identification
of dl known B-trichothecene FHB species and chemotypes in order to improve disease surveillance efforts
and to facilitate a greater understanding of the ecology, epidemiology, and population dynamics of these FHB

pathogens.
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