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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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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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“Pennsylvania State Climate Office, University Park, PA 16801, USA7
"Corresponding Author: PH: (814) 865-9620; E-mail: dewolf1@psu.edu

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.




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

THE GPMK1 MAP-KINASE REGULATES THE SECRETED
LIPASE FGL1, ANOVEL VIRULENCE FACTOR
OF FUSARIUM GRAMINEARUM
A. Gacser, CA. Voigt, N.J. Jenczmionka, S. Salomon and W. Schéfer”

Department of Molecular Phytopathology and Genetics, Biocenter Klein Fottbek,
University Hamburg, Ohnhorststr. 18, 22609 Hamburg, Germany
*Corresponding Author: PH: ++49-40-42816266, Email: schaefer@botanik.uni-hamburg.de

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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(DON) IN WHEAT
D.C. Hooker” and A.W. Schaafsma

!Department of Plant Agriculture, Ridgetown College, University of Guelph,
Ridgetown, Ontario, NOP 2C0, Canada
"Corresponding Author: PH: (519) 644-2036; E-mail: dhooker@skynet.ca

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.

458



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

CYTOLOGICAL ANALY SIS OF THE INFECTION COURSE OF
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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

464



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

CORRELATION OF SEED SIZE TO DON ACCUMULATION
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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.

REFERENCES

Bai, G.H., Desjarins A.E., and Plattner, R.D. 2001:
Deoxynivalenol-nonproducing Fusarium graminearum
causesinitial infection, but does not cause disease spread in
wheat spikes. Mycopathologia 153, 91-98.

delaPeHa, R.C., K.P. Smith, F. Capettini, G.J. Muehlbauer, M.
Gallo-Meagher, R. Dill-Macky, D.A. Somers, and D.C.
Rasmusson, 1999: Quantitative trail loci associated with re-
sistance to Fusarium head blight and kernel discolorationin
barley. Theoretical and Applied Genetics 99, 561-569.

Huckelhoven, R., and Kogel, K.-H. 1998. Tissue-specific su-
peroxide generation at interaction sitesin resistant and sus-

468



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

ceptible near-isogenic barley lines attacked by the powdery
mildew fungus (Erysiphe graminis f.sp. hordei). Mol. Plant-
Microbe Interact. 11. 292-300.

Jarosch, B., Kogel, K.-H., and Schaffrath, U. 1999. The am-
bivalence of the barley Mlo locus: mutations conferring re-
sistance against powdery mildew (Blumeria graminis f. sp.
hordei) enhance susceptibility to the rice blast fungus
Magnaporthe grisea. Mol. Plant-Microbe Interact.12, 508-
514.

Jenczmionka, N.J., Maier, F.J,, Losch, A. P., W. Schéfer: Mat-
ing, conidiation and pathogenicity of Fusariumgraminearum,
the main causal agent of the head blight diseaseof wheat, are
regulated by the MAP kinase Gomk1. Curr. Genet. 43,87-95
(2003).

Kumar, J., Hiickelhoven, R., Beckhove, U., Nagargjan, S., and
Kogdl, K.H. 2001. A compromised Mlo pathway affects the
response of barley to the necrotrophic fungus Bipolaris

sorokiniana (teleomorph: Cochliobolussativus) anditstox-
ins. Phytopathology 91, 127-133.

Miedaner T, Reinbrecht, C., and Schilling, A.G. (2000) Asso-
ciation among aggressiveness, fungal colonization, and my-
cotoxin production of 26 isolates of Fusariumgraminearum
in winter rye head blight. Z. PflIKrankh. PflSchutz 107, 124-
134.

Nirenberg, H. 1981. A simplified method for identifying
Fusarium spp. occurring on wheat. Can. J. Bot. 59: 1599-
1609.

Pavlovkin, J., Mistrik, |., Zajenko A.M., and Mraz, J. 1986.
Effects of mycotoxinson cell membrane of higher plant roots.
Biologia (Bratidava) 41, 681-686.

469



Pathogenesis, Epidemiology, and Disease Forecasting

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.

483



Pathogenesis, Epidemiology, and Disease Forecasting

RELATIONSHIP BETWEEN THE ENVIRONMENT AND THE
NUMBER OF GIBBERELLA ZEAE PROPAGULES
RECOVERED FROM WHEAT SPIKES
Pierce Paul”, SM. El-Allaf, P.E. Lippsand L.V. Madden

The Ohio State University/ OARDC, Department of Plant Pathology, Wooster, OH 44691, USA
" Correspondence Author: PH: (330) 202-3555; E-mail: paul .661@osu.edu

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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MONITORING THE INFECTION PROCESS OF GFP-EXPRESSING
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
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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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STRATIFIED COLONIZATION OF WHEAT PLANTS
BY FUSARIUM GRAMINEARUM
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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.

REFERENCES

Bai G.H., Desjardins A.E., and Plattner, R.D. (2001)
Deoxynivalenol-nonproducing

Fusarium graminearumcausesinitial infection, but doesnot
cause disease spread in

wheat spikes. Mycopathologia 153: 91-98.

Hou, Z., Xue, C., Peng, Y ., Katan, T., Kistler, H.C. and Xu, JR.
(2002) A mitogen-activated protein kinase gene (MGV1) in
Fusarium graminearumisrequired for femalefertility, heter-
okaryon formation, and plant infection. Mol. Plant-Microbe
Interact. 15, 1119-1127.

Jenczmionka, N.J., Maier F.J.,, Losch A.P. and Schéfer, W. (2003)
Mating, conidiation and pathogenicity of Fusarium
graminearum, the main causal agent of the head-blight dis-
ease of wheat, areregulated by the M AP kinase gpmk1. Curr.
Genet. 43, 87-95.

Jenczmionka, N.J. and Schéfer, W (2004) The Gpmk1l MAP
kinase of Fusariumgraminearumregul atestheinduction of
specific secreted enzymes. Curr. Genet. (in press).

Miedaner, T.; Reinbrecht, C. and Schilling, A.G. (2000) Asso-
ciation among aggressiveness, fungal colonization, and my-
cotoxin production of 26 isolates of Fusariumgraminearum
inwinter rye head blight. J. Plant Dis. Protect. 107, 124-134.

Pritsch C, Muehlbauer G J, Bushnell W R, SomersD A, Vance
C P (2000) Fungal

development and induction of defence response genes dur-
ing early infection of wheat

spikes by Fusariumgraminearum Mol Plant-Microbe I nter-
act 13: 159-169.

Proctor R H, Hohn T M, McCormick S P (1995) Reduced
virulence of Gibberella zeae

caused by disruption of a trichothecene toxin biosynthetic
gene. Mol Plant-Microbelnteract 8: 593-601.

512



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

Reid, L.M. and Hamilton, R.I. (1995) Effect of macroconidial pathogenicity and development of perithecia. Mol. Plant
suspension volume and concentration on expression of re-  Pathol. 4, 347.

sistance to Fusarium graminearum in maize. Plant Dis. 79, §
461-466. Wanjiru, W.M., Zhensheng, K. and Buchenauer, H. (2002)

Importance of cell wall degrading enzymes produced by
Urban, M., Mott, E., Farley, T. and Hammond-K osack, K. (2003)  Fusarium graminearumduring infection of wheat heads. Eur.
The Fusarium graminearum MAP1 gene is essential for J. Plant Pathol. 108, 803-810.

7 10 13 16 21
Days after inoculation

% of diseased spikelets
= DN w H O (o2 N
o O O O O o o o

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.

515



Pathogenesis, Epidemiology, and Disease Forecasting
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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.
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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.
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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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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
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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?
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“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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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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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*
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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
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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.
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FUNCTION OF ASCI IN GIBBERELLA ZEAE
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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.






