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INTRODUCTION OF A MODIF ED RIBOSOMAL PROTEIN L3GENE
ASA STRATEGY TOINCREASE TRICHOTHECENE TOXIN

RESISTANCEIN PLANTS
Gerhard Adam*, Rudolf Mitterbauer, Armin Raditschnig,

HannaWei ndorfer, and Josef Glosd

University of Agricultural Sciences, Center of Applied Genetics, Muthgasse 18/05/66, A-1190 Vienna, Austria.
* Corresponding author: PH: (43) 1-36006-6380, E-mail: adam@edv2.boku.ac.at

OBJECTIVES

The goal of our project is to identify alterations in the ribosomal target of trichothecenes, the
ribosomal protein L3, which confer toxin resistance, and to explore the feasibility of increas-
ing toxin resistance in transgenic plants by expression of engineered RPL3 genes.

INTRODUCTION

Trichothecene myctoxins act primarily as inhibitors of eukaryotic protein synthesis. Gene
disruption studies indicate that production of deoxynivalenol (DON) is a virulence factor of
Fusarium graminearum. The probable role of the toxin is to inhibit active defense responses
of the plant by interfering with the expression of defense related proteins and to condition
the host for colonization. Correlative evidence is available that toxin resistance significantly
contributes to field resistance of wheat. We used yeast as a model system to explore mo-
lecular mechanisms responsible for trichothecene resistance and identified semidominant
mutations in the gene encoding ribosomal protein L3. Transgenic tobacco was used as a
model to test the feasibility of increasing toxin resistance in plants by introducing a modified
copy of RPL3.

MATERIALS AND METHODS

In order to save expensive toxin, all yeast strains employed contain a disruption of the gene
PDRS5, which encodes a plasma membrane localized ABC transporter protein with specific-
ity for trichothecenes (Adam & Lemmens, 1996). For the shuttle mutagenesis of yeast RPL3
a strain was constructed containing a deletion of the chromosomal RPL3 gene. This strain
(YZGA315) is viable on galactose medium due to a plasmid allowing expression of RPL3
under control of the glucose repressible GAL1 promoter. A plasmid, which contains a
wildtype copy of RPL3 and the TRP1 and ADE2 genes as selectable markers, was
mutagenized by passage in the E. coli mutator strain XL1-Red (Stratagene) and by hydroxy-
lamine-mutagenesis. Upon transformation of YZGA315, colonies were selected on glucose
based medium and transferred to plates containing 100 ppm DON. Plasmid was recovered
from resistant colonies, and the alterations responsible for resistance identified by
subcloning and sequencing.

A tomato cDNA clone LeRPL3 was isolated from a phage lambda cDNA library and se-
guenced. One of the alterations identified in yeast was introduced into the gene by overlap

Biotechnology
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extension PCR. Furthermore, a c-Myc epitope was added at the C-terminus. The constructs
were cloned into a binary plasmid behind the 35S promoter and introduced into tobacco by
Agrobacterium-mediated transformation. Transgenic plants were characterized by Southern
and Western blotting and tested for alterations in toxin resistance using seed germination,
leaf disk regeneration and a gravitropism assay.

RESULTS AND DISCUSSION

Semidominant mutations in RPL3 (formerly known as TCM1) conferring resistance to the
trichothecene trichodermin had been described previously (Fried & Warner, 1981), but the
nature of the mutation was not determined. We have performed a random mutagenesis of
yeast RPL3 and characterized 100 plasmids conferring resistance to DON. Five single
amino-acid alterations in four different positions of the protein which lead to DON resistance
were identified by subcloning and sequencing. In addition, we have also identified the
amino-acid change in two of the original TCM1 mutants. One of the changes (W255C in
ScRPL3) was engineered into the highly homologous tomato RPL3 cDNA and introduced
into yeast and tobacco.

The tomato gene, without and with a C-terminal epitope tag is able to complement a yeast
mutant containing a deletion of RPL3. In addition, the engineered version of the tomato
cDNA also confers DON resistance in yeast. Subsequently we have introduced the wildtype
and the engineered versions of LeRPL3, with and without the c-Myc tag into tobacco.

Characterization of the several transgenic plants in different assays (seed germination on
toxin containing medium, regeneration of leaf disks, gravitropism response in the presence
of DON) revealed that, at best, a disappointingly small increase in toxin resistance could be
achieved. Analysis of protein extracts of the transgenic plants furthermore showed that, in
contrast to the wild type protein, only traces of the tagged Rpl3p containing the mutation are
detected. Our hypothesis is that the mutant RPL3 protein has a disadvantage during assem-
bly into the ribosome, and that this protein is rapidly degraded. A similar phenomenon was
observed in yeast heterozygous for RPL3wt/RPL3W255C. Despite being present in un-
stressed yeast in a low amount, the mutant form of the protein confers semidominant resis-
tance. Pretreatment of yeast with sub-inhibitory amounts of DON leads to a rapid accumula-
tion of the mutant form of the protein and dramatically improved toxin resistance.

In summary, we have identified several mutations in the ribosmal target that could become
potentially useful in the screening of wheat germplasm for natural ribosomal resistance
(Miller & Ewen, 1998) and for biotechnological approaches. Yet, our results also suggest
that the prospects to achieve a marked increase in toxin resistance by simply introducing a
modified RPL3 gene into wheat are not very good. Wheat contains most likely six RPL3
genes contributing to the pool of Rpl3p — a highly competitive situation.

We can only speculate whether or not an engineered Rpl3 protein - or a naturally existing
variant conferring higher resistance - would accumulate in wheat tissue (with rapid synthe-
sis of ribosomes), to give biologically meaningful resistance, as in the case of the unicellular
yeast model. It is conceivable that such an effect takes place in the low concentration range
of the gradient of toxin diffusing ahead of the fungus.
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In an optimistic scenario, this could still be sufficient to allow adaptation, defense gene
expression and containment of the spreading fungus, without leading to a prominent resis-
tance phenotype in in vitro assays based on challenge with toxin levels blocking protein
synthesis immediately. Further research is needed to answer this question.
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ABSTRACT

Fusarium graminearum, the causative agent of wheat head blight, produces the
trichothecene deoxynivalenol (DON). DON acts as a protein synthesis inhibitor and is a
significant factor contributing to the disease. However, acetylation of the C-3 hydroxyl group
of a number of different trichothecenes reduces the toxicity to yeast as well as to the single-
celled plant, Chlamydomonas, suggesting that the C-3 OH site is critical for toxicity. Since
the TRI101 gene in F. graminearum encodes a 3-O-acetyltransferase, this gene may func-
tion for self-protection against DON and its intermediates. Disruption of the FgTRI101 was
done to test if, and to what extent, this gene is involved in self-protection. The degree of
virulence on wheat by mutants deficient in TRI101 activity has also been evaluated.
FgTRI101 was cloned from Gz3639 into the vector pT7Blue3. The selectable marker,
hygromycin B, as well as its promoter, was inserted into an EcoRl site, located approxi-
mately in the middle of the 1.4 kb DNA sequence encoding FgTRI101. Disruption was
verified by both PCR and Southern hybridization. Fungal disruptants were tested on toxin-
containing medium to determine if the mutants were more sensitive than the wild type strain.
They were also analyzed to determine what intermediates in the pathway they synthesized.
Previous work in our labs has shown that F. sporotrichioides mutants carrying a disrupted
FsTRI101 gene accumulate isotrichodermol, a compound shown by us to be toxic to
Chlamydomonas. However, TRI101-disrupted mutants in F. graminearum do not accumulate
the C-3 hydroxylated compound and instead accumulate the C-3,8 hydroxylated compound,
which has been shown to be less toxic in our Chlamydomonas toxicity tests. To test
whether FgTRI101 disruptants were less virulent than wild type, wheat virulence testing in
the greenhouse showed that the fungal TRI101 disruptants produced far less disease than
the wild type. Our results support the conclusion, that in F. graminearum, FgTRI101 plays a
role in self-protection but is not the sole mechanism. Disruption mutants are weakened in
their ability to infect and cause disease in wheat, most likely because they do not produce
large quantities of a C-3 OH toxic byproduct.
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ABSTRACT

Chitinases and b-1,3-glucanases are important components of plant defense in response to
attack by pathogens. To identify specific chitinases and b-1,3-glucanases involved in plant
defense, a cDNA library was constructed using mRNA from wheat spikelets inoculated with
conidia of Fusarium graminearum. Two chitinase and two b-1,3-glucanase clones were
isolated using a rice class | chitinase and barley class Il chitinase cDNA clone and a barley
b-1,3-glucanase as probes. Northern blot hybridization showed that the expression of these
genes is induced upon infection with Fusarium graminearum. The accumulation of tran-
scripts for these PR-proteins is more rapid in the resistant variety Sumai 3 than its suscep-
tible mutant during the first 24 hrs after infection. Spring wheat, ‘Bobwhite’, a scab-suscep-
tible cultivar was transformed with pAHC20 vectors carrying the bar gene and the gene of
interest under the control of maize ubiquitin promoter-intron. The primary transgenic lines
were characterized based on PCR detection for bar gene, gene(s) of interest and western
blot analyses. The integration and inheritance of the transgene and the bar gene was de-
tected in the T1 progenies based on Southern hybridization with target gene and PCR
analyses. Liberty (0.1%) painting in the young leaves confirmed the expression of the bar
gene and the western blot analysis confirmed stable expression of the transgene. Several
transgenic lines containing single or different combinations of PR-proteins have been
identified and are being propagated.

INTRODUCTION

Plants express a wide variety of genes in response to pathogen/pest infection. Such genes
are referred to as pathogenesis-related (PR) genes (Bowles 1990). The best characterized
genes belonging to this group are those that encode the hydrolytic enzymes, chitinases (EC
3.2.1.14) and b-1,3-glucanases (EC 3.2.1.39). These hydrolytic enzymes inhibit the growth
of many fungi in vitro by hydrolyzing chitin and b-glucan of fungal cell walls and the diges-
tion products of chitin and b-glucan can act as signal molecules to stimulate further defense
responses. Wheat scab, caused by Fusarium graminearum, can be a devastating disease
that not only lower grain yield, but also adversely affects the grain quality as well, as a result
of the accumulation of toxins. A cDNA library of mRNA isolated from scab-infected ‘Sumai 3’
a scab-resistant variety was constructed, and cDNA clones encoding chitinases and
glucanases were isolated using rice and barley clones for chitinase and b-1,3-glucanase as
probes.
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The advancements and refinement in the plant transformation protocol for monocot crops
including wheat (Zhang et al. 1999; Chen et al. 1999; Gaunt et al. 1999) have increased the
efficiency of introducing foreign and agronomically important genes into wheat. Naturally
occurring antifugunal genes (PR-proteins) from plants and other microrganisms are docu-
mented to enhance the level of disease resistance in wheat (Chen et al. 1999; Clausen et al.
2000). The application of plant transformation protocol to introduce environment-friendly
defense gene(s) into crop plants is preferable to unsustained use of fungicides to control
wheat scab. In this report we document the transfer and constitutive expression of wheat
defense genes isolated and characterized from a scab-resistant cultivar for scab resistance
in wheat.

MATERIALS AND METHODS
Isolation, mapping and characterization of the PR-proteins

GZ3639, a highly virulent isolate of F. graminearum, was used at a final concentration of
1.8x105 spores ml-1 to inoculate Sumai 3 (c‘Funo’ x ‘Taiwan Wheat’) a scab resistant culti-
var and its mutant susceptible variety. The cDNA library construction and screening was
described by Li et al. (2000). The first 60 RILs of the ITMI population and 56 F2 plants of the
Ae. tauschii population were used for genetic mapping. Base maps were constructed (Li et
al. 1999) for placement of chitinase and glucanase genes. The positive clones were cloned
in the T- vector and the plasmid DNA from these were used as templates for sequencing.
Open reading frames (ORF’s) and amino acid sequences were deduced using the ORF
Finder program, and homology searches were conducted using the BLAST 2.0 program of
the National Center of Biotechnology Information (NCBI) at the website http://
www.ncbi.nlm.nih.gov. The theoretical isoeletrical points, molecular weights, and cleavage
sites of signal peptides were analyzed with “DNA & Protein Analysis Toolkit” at the website
http://www.rockefeller.edu/rucs/toolkit/toolkit.ntml.

Wheat transformation

The plant transformation vectors harboring the wheat chitinase(s) and b-1,3-glucanase(s)
genes were generated by ligating the chitinase and glucanase coding region with a maize
ubiquitin promoter-intron DNA and the linearized pAHC20 vector (Christensen et al. 1992)
with the selectable marker, bar gene. Immature embryos of the spring wheat cultivar, ‘Bob-
white’, were co-transformed with these vectors using the particle inflow gene gun. The
DNA's were coated on tungsten particles and different combinations of defense genes were
employed in the co-transformation experiments. The primary transformants were selected on
glufosinate plates (5 mg/l) and the regenerated TO plants were subjected to PCR detection
for bar gene and the gene(s) of interest using gene specific primers. Western blot analyses
were carried out using appropriate antisera. Approximately 12.5 mg total genomic DNA from
each T1 plant was digested with Hind 11l (80 U) and probed with 32P-labelled bar gene and
the transgene fragments by Southern hybridization. Liberty [0.1% (w/v)] painting was carried
out on the young leaves for confirming the stable expression of the bar gene inthe T1
plants.
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RESULTS AND DISCUSSION

Four clones, SM169, SM194, SM233 and SM383 were identified when 400 clones of the
cDNA library were screened using a mixture of the inserts of clones Chil1l (rice) and
HvChtN12 (rice) as probes. SM194 and SM383 contain cDNA inserts of 956 bp and 1088
bp, respectively. SM194 and SM383 are similar to SM169 and SM233 in insert sizes, re-
spectively. Two cDNA clones, SM289 and SM638, were isolated by screening 880 clones of
the cDNA library using the barley b-1,3-glucanase cDNA clone BH72-11 (barley) as the
probe. The cDNA inserts in SM289 and SM638 are 1269 bp and 1439 bp, respectively. The
details of these clones are presented in Table 1.

Southern analysis of nullitetrasomic (NT) lines with cDNA inserts of the chitinase clones,
SM194 and SM383, gave identical hybridization patterns and produced about 10 bands
(EcoRl digest). All the bands were localized to group 2 chromosomes of wheat. Four poly-
morphic and two monomorphic bands were detected by SM194 and SM383 in the Ae.
tauschii parents. They were mapped to the long arm of chromosome 2D at a position be-
tween markers Xwg405 and Xpsrl02, which appear to be genetically close to the cen-
tromere (Boyko et al. 1999).

Analysis of NT lines assigned the b-1,3-glucanase genes, SM289 and SM638, to group 3
chromosomes just as BH72-11, the probe used for their isolation. Genetic mapping localized
SM289 to 3BL and 3DL (Xksu933 (GIb3) and SM638 to 3DL (Xkus934 (GIb3) of wheat.
These loci map very close to the position of b-1,3-glucanase loci (Glb3) detected by BH72-
11 (Li et al 1999). This result not only confirmed the presence of a b-1,3-glucanase gene
cluster in 3BL, but also revealed another cluster of b-1,3-glucanase genes in 3DL of wheat.

Tablel: Characteristic properties of the wheat cDNA clones

Clone name Type of PR-| Size of cDNA Size of Molecular
protein insert (bp) polypeptide weight
(ORF)
SM194 Chitinase 956 230 AA 24.7 kDa
(type VII)
SM383 Chitinase 1082 272 AA 29.03 kDa
(type V)
SM289 B-1,3- 1269 334 AA 34.88 kDa
glucanase
SM638 B-1,3- 1439 334 AA 34.66 kDa
glucanase
Biotechnology
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Northern blot hybridization showed that the expression of the chitinase and b-1,3-glucanase
genes characterized in this study is induced in wheat spikelets upon infection with F.
graminearum. The transcription profiles of these genes were different in the scab-resistant
cultivar Sumai 3 and the scab-susceptible mutant indicating their role in disease resistance.
The expression levels at three time points studied follow the pattern: 24 hai*48 hai>72 hai in
Sumai 3, but in the mutant, the pattern generally is 24 hai<48 hai>72 hai. The transcripts of
both chitinase and b-1,3-glucanase genes reached the maximum point at or before 24 hai in
Sumai 3 while in the mutant, the peak values were not reached until 48 hai or later indicat-
ing a slower defense response in the mutant (Fig. 1). For SM194, a larger transcript was
detected clearly at 24 hai in Sumai 3, but it was still very weak at 48 hai in the mutant. This
messenger might be transcribed from another member of class VII chitinase genes. These
results suggest that the mutant may be defective in a common step leading to the induction
of both chitinases and b-1,3-glucanases and they are in agreement with results reported
recently by Pritsch et al. (2000) who showed that several PR-protein genes were induced
earlier in Sumai 3 than the susceptible (non-isogenic) genotype, ‘Wheaton’.

Bobwhite embryo’s were bombarded with tungsten particle coated with plasmid DNA'’s
harboring the wheat chitinase (pAHC 194; 383) and b-1,3-glucanase (pAHC 289; 638)
singly and in combination with the ubiquitin promoter driving the expression of both the
selectable marker and the gene(s) of interest. The bombarded embryogenic calli were
grown on glufosinate at 5 mg/l and the selection pressure was maintained till plants were
regenerated. In all, 38 primary transgenic lines were raised and they were subjected to PCR
analyses for the presence of bar gene. Twenty-three of the bar positive lines also showed
the presence for the gene of interest by PCR. The results from five lines are shown in Fig. 2.
Protein extracts from these lines reacted with appropriate antisera for chitinase and
glucanase and the expected protein bands of 26.5 or 29 kDa was detected in western blots.
However, the level of expression varied among different events as shown in the Fig. 3.
Some lines expressed both the chitinase and the b-1,3-glucanase (lines #32, #44 and #58).

Only eight of the 23 lines were included in the current analyses, the analyses of the remain-
ing 15 lines are in progress. Five seeds were germinated from each independent line for
raising the T1 progeny. All the T1 progenies were painted with 0.1% Liberty at the stem
elongation stage and checked for Liberty-resistance. The sensitive plants showed browning
of tissues and clearing of chlorophyll in the painted areas of the leaf within five days, while
the painted areas of the resistant lines remained green. In all, 4 out of the 8 primary
transgenic lines tested were Liberty- resistant.

The inheritance of the intact transgenes was confirmed by PCR for bar gene and the
gene(s) of interest in the T1 progeny. The total genomic DNA from 5 different T1 plants
representative of each transgenic line were digested with the Hindlll enzyme which is
expected to release the 3.1-3.3 kb fragment of the intact coding region of the transgene plus
the promoter. Non-transgenic and Liberty-sensitive plant was used as the negative control.
In the Southern blots, DNA from transgenic plants had the expected band for bar, 383
chitinase, and 638 glucanase genes when probed with the 570 bp fragment coding region
of bar gene, or the 1.1-1.3 kb fragments containing the intact coding region of the 383 and
638 transgenes respectively ( Fig. 4a&b). DNA from the non-transgenic and Liberty-sensi-
tive plants exhibited no hybridization to bar coding region fragment. No bands of 3.1-3.3 kb
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size expected for the intact trasngene was detected in the non-transgenic controls, even
though other bands, presumably wheat chitinase and b-1,3- glucanase genes, were de-
tected in all lines including non-transgenic controls.

These four lines were further assayed for the stable expression chitinase and glucanase.
Crude protein extracts from the 5 plants each from the representative lines showed differ-
ences in the level of expression, with a few PCR and Southern positive lines showing
comparable levels of transgene expression in the T1 progeny. The highest expression levels
were seen in plants T1-32-1, 32-2 and 26-5. The line 26-5 which is a singly-bombarded line
with the 383 chitinase gene had the expected 26.5-kDa protein band that reacted with a
barley chitinase antibody. The lines 32-1 and 32-2 that were cobombarded with the 383
chitinase and 638 glucanase genes showed strong reaction with the chitinase and
glucanase antibodies and gave the expected protein products of 26.5 and 29 kDa. This
confirmed the stable and constitutive expression of the transgenes in these progenies. The
T2 progenies of these lines will be assayed further and bioassay with the test pathogen will
be done to confirm whether these genes have enhanced the level of resistance in wheat.
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Fig.1. Northern blot for the expression of chitinase (SM194 and
SM383) and the 3-1,3- glucanase (SM 289 and SM638) in the scab-
resistant variety Sumai 3 and its susceptible mutant.
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Fig. 2. PCR detection of the transgene(s) in the primary transgenic
lines

M 638 194 383 #26 #23 #32 &4 #11 NC

KD —

(1) 5 = J—

#32: cobombarded with 2 gene, #26, #23 #4 & #11: with single gene insert; 638; 194;
383: plasmid controls;NC: non-transgenic plant

Fig. 3. Western blot of the putative transgenic lines expressing
different PR-proteins
f-1,3-Glucanase
#47 #3121 #44 H58 #B2 w45 NC

TEN D —
—
kD - S G

Chitinase

#47 #32 #44 #58 #82 #45 NC

— kD
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#47, #32, #58: 383:638; #82: 638:194; #45:194:383 ;#44: 289:383; NC: non-
transgenic plant

194, 383: wheat chitinase; 289, 638: wheat glucanase
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Fig. 4. Southern blot analysisof DNA from T, progenies of
plants# 32 and # 26

a) DNA Dblot hybridized with 383 chitinase probe

PC #1 #2 #3 #4 #5 #6  #7 #8 #9 NC #11 #12 #13 #14 #15 NC

PC:plasmid control, #1to #9: progenies of line 32, #11 to #15: progenies of line 26 and NC:
non-transgenic plant. Arrows indicate the bands due to transgene.

b) DNA blot hybridized with bar probe

#NC #1 #2  #3 #4  #5 #6 #7 #8 #9 PC #10 #11  #12  #13

5.7kb —»

PC:plasmid control, # to #9: progenies of line 32, #10 to #13: progenies of line 26 and NC::
non-transgenic plant.
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ABSTRACT

Deoxynivalenol (DON, a mycotoxin) produced by Fusarium graminearum in wheat grain is
detrimental to livestock and humans. Significant differences in DON levels of infected grain
are observed among wheat cultivars after infection with the fungus. However, genetic control
of DON accumulation in wheat is not well characterized. To map quantitative trait loci (QTL)
for low DON level in infected wheat grain, an amplified fragment length polymorphism
linkage map was constructed using F9 recombinant inbred lines (RILS). The mapping popu-
lation was derived from a cross between cultivars Ning 7840 (7 ppm of DON) and Clark
(151 ppm of DON). Flowering spikes of F11 RILs were sprayed with conidia of F.
graminearum in the greenhouse. The inoculated spikes were harvested at maturity, and the
kernels were analyzed for DON levels with a fluorometric quantification method. One QTL
for low DON level was identified, which explained about 23 and 26% of the phenotypic
variance in two repeated experiments, respectively.

INTRODUCTION

Scab of wheat, mainly caused by Fusarium graminearum, can dramatically reduce grain
yield and quality. Infected grain is often contaminated with deoxynivalenol (DON), a potent
mycotoxin produced by F. graminearum. Because DON contamination in infected grain is a
major concern for human and animal health, scab has become an especially serious dis-
ease in many wheat and barley production areas.

DON levels in harvested grain can vary greatly among wheat cultivars, ranging from a trace
to more than 1000 ppm depending on wheat cultivar and environment. However, the genetic
control of DON production by Fusarium species in wheat grain is largely unknown. Ning
7840 is a highly scab-resistant spring wheat cultivar with low DON, and Clark is a highly
susceptible winter wheat cultivar with a high level of DON accumulation in infected grain.
One major QTL for Type Il scab resistance has been identified (Bai, et al, 1999). In this study,
we use an AFLP map to identify QTL for low DON level in scab-resistant wheat cultivar
Ning 7840.

MATERIALS AND METHODS

Wheat cultivars Ning 7840 (low DON) and Clark (high DON) as well as their 133 recombi-
nant inbred progenies (Bai et al, 1999) were inoculated by spraying conidia (500 spores /
mL) of a DON-producing strain of F. graminearum onto flowering spikes in the greenhouse
at the National Center for Agricultural Utilization Research, USDA, Peoria, IL. The DON-
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producing isolate “GZ 3639” was provided by Dr. R. Bowden from Kansas State University.
Mung bean liquid medium was used to produce conidial inoculum (Bai et al, 1999). The
inoculated plants were enclosed in an inoculation chamber for 3 days on a greenhouse
bench. The plants inside the chamber were misted daily with tap water by a hand sprayer.
On the fourth day after inoculation, plants were returned to their original positions on the
greenhouse benches. Greenhouse temperatures averaged 25 °C during the day with a
range of 19 °C to 30 °C and 19 °C at night with a range of 17 °C to 21 °C. The greenhouse
test was conducted in a completely randomized block design with two replications. Each
replication had 6 plants. Disease symptoms were recorded as percentage scabbed spike-
lets at 6, 15, and 21 days after inoculation. Visual scab ratings were analyzed on a single
plant basis. DON levels were evaluated for bulked seeds from the 6 inoculated plants of
each entry in each replication.

Bulked seeds from inoculated plants were ground for DON analysis. Seeds from
uninoculated spikes of selected lines were also analyzed as a control. The total ground
sample was extracted by shaking with 5-mL acetonitrile/water (86:14, v/v) per gram of
sample for 3 h. The extract was filtered into a vial using Whatman filter paper (Whatman
International, Ltd, Maidstone, England). A fluorometric quantitation method (The
Fluoroquant D Test Kit, Romer Laboratories, Inc., Union, Missouri) was used to analyze
DON content in harvested grain. The detection limit for DON was 1 ug g*.

Amplified fragment length polymorphism (AFLP) markers were analyzed as described
previously (Bai, et al, 1999). An AFLP linkage map was constructed with MapMaker soft-
ware (Lander, et al, 1987) and QTL analysis was conducted with gGene software (Nelson,
1997).

Results and Discussion

Recombinant inbred lines differed in percentage of scabbed spikelets and incidence of
seed infection (Table 1). Infection not only significantly reduced harvested seed number in
all inoculated plants, but also the harvested seed weight. Seed weight reduction was low in
Ning7840 and some resistant lines, but high in Clark and susceptible lines (Table 1).

DON was detected in all inoculated RILs, but not the control plants. A high level of DON
accumulated in Clark, and a low level of DON accumulated in Ning 7840 (Table 1). In the
RILs, the correlation between percentage of scabbed seed and DON content was high
(r=0.72), indicating scabby seed is a good indicator for DON content. Only 4 RILs had a
level of DON less than that in Ning 7840 (7 ug g-1), and about 50% of the lines had DON
levels higher than in Clark (161 ug g-1, Fig 1). Transgressive segregation indicates several
QTL may be involved in DON accumulation in wheat grain. Significant variation in DON
levels between the two replications was also observed, indicating that replicated DON
evaluation is necessary for reliable estimates of genetic effects.

A molecular map was constructed with 568 amplified fragment length polymorphism mark-
ers (Data not shown) and was used to map QTL for low DON. When DON data from the two
replications were analyzed individually, one major QTL was identified in the same location
in each replicate. This QTL explained about 23% and 26% of the total phenotypic variance,
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respectively. When the average DON content over two replications was log-transformed and
used for further QTL analysis, the QTL for low DON was mapped in the same region as in
the separate analyses and explained about 25% of phenotypic variance (Fig 2). The major
QTL for low DON was located in the same region as the major QTL for Type Il scab resis-
tance reported previously (Bai, et al, 1999). Since the major QTL for low DON explained
only a small portion of phenotypic variance, some other QTL may also be involved in re-
duced DON accumulation. Spray inoculation with a high concentration of conidia provided
much more inoculum and produced more severe scab than expected in natural conditions,
therefore, high disease pressure in this study may have masked the expression of QTL with
minor effects on DON levels in harvested grain. DON levels in infected grain from field
experiments may need to be measured for further detection of other QTL.
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Fig. 1 Frequency distribution of DON contents in infected grain of F
bred lines from the cross of Ning 7840 / Clark
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ESTABLISHMENT OF A USDA-ARSREGIONAL MOLECULAR
GENOTYPING LABORATORY IN MANHATTAN, KS
GL Brown-Guedira*

USDA-ARS, Deptartment of Plant Pathology, Kansas State University, Manhattan, KS, 66506
*Corresponding author: PH: (785) 532-7260, E-mail: gbg@ksu.edu

ABSTRACT

The Agriculture Research Service of USDA has set the precedent in the last century of
providing leadership and services when local resources have not been available to meet
national needs in crop improvement. Regional ARS laboratories have been established to
improve cereal quality and rust resistance, as well as the regional germplasm repositories
that distribute and characterize germplasm collected from around the world.

Molecular genotyping promises to become the next critical tool in crop breeding and the
development of new germplasm. New technologies will allow molecular marker-based
selection to enhance plant breeding through improved accuracy and speed of genotype
identification. Gains in efficiency and novel technologies have reduced the cost of a single
observation by 5 fold. Molecular breeding tools represent the technology of promise as we
enter the next era of plant breeding. As markets move away from a commodity basis toward
a value-defined, end product basis, plant breeders must equip themselves with gene-spe-
cific markers which give them rapid access to traits of value.

To sustain and strengthen the USDA-ARS role in solving problems of regional and national
scope it is critical to incorporate molecular genotyping technology. The adoption of this
technology will position the USDA-ARS to facilitate the rapid deployment critically needed
genes for wheat and barley.

A regional molecular genotyping laboratory for wheat that will serve public plant breeding
programs in the US is being established. Currently, many genes for important traits are
currently mapped due to efforts like the International Triticae Mapping Initiative. These
markers are waiting full utilization in current breeding programs. The laboratory will be
involved in:

[ | Utilizing molecular markers linked to traits of value such as end use quality and
resistance to insects and to diseases like Fusarium head scab, rust, wheat streak mosaic
virus, and Karnal bunt in agronomically relevant populations in collaboration with public
pant breeding programs. The laboratory will screen populations, individuals and lines pro-
vided by breeders; determine marker genotype then report back to breeders to facilitate
speed and efficiency in germplasm release.

[ | Creating marker profiles of cultivars and breeding lines that are used as parents and
provide this information to the plant breeders so that markers can be selected that will be
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useful in a particular cross. Marker profiles will also be cross-linked to other genetic informa-
tion.

This laboratory is part of the Plant Science and Entomology Research Unit of the Grain
Marketing Production Research Center in Manhattan KS which has lead scientists with
expertise in germplasm development, mapping, and molecular biology. The unit already has
an established wheat genomics facility that is a partnership with the Wheat Genetics Re-
source Center of Kansas State University. The major equipment necessary (automation and
analysis) for a genotyping facility has already been purchased. Yearly funding of $250,000
has been obtained a scientist, support staff, and operating costs.
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GENETICANALY SISOF RESISTANCE TO FUSARIUM HEAD BLIGHT

IN COMMON WHEAT
J. Chen'*, C.A. Griffey!, M.A. Saghai Maroof !, W. Zhao!, W. Xi€?, T. Pridgent
andR.M. Biyashev!

irginiaPolytechnic Institute and State University, Blacksburg, VA, 24061-0404;
2University of Minnesota, St. Paul, MN, 55108
*Corresponding author: PH: (540) 231-7624, E-mail: jianli@vt.edu

ABSTRACT

Fusarium head blight or scab is a devastating and economically important disease in all
classes of wheat and barley worldwide. Insufficient or ambiguous knowledge concerning
the amount of available genetic diversity and genetic mechanisms governing scab resis-
tance, and lack of selectable molecular markers are constraints that greatly limit breeding
efforts. Objectives of the current study are: 1) Determine the inheritance of scab resistance in
three identified resistance sources; 2) Elucidate the genetic relationship between type II, Il
& IV resistance based on the segregation of scab severity, DON content and scabby seeds
in four F, populations; and 3) Identify SSR molecular markers associated with type Il, Ill and
IV resistance in source W14 using F, population Pioneer 2684 x W14.

Three resistance sources, W14, Shaan 85 and Ernie identified in our previous studies
(Griffey et al., 1998 & 1999), were crossed with susceptible soft red winter (SRW) wheat
variety Madison and/or Pioneer 2684. The F, populations were evaluated in greenhouse
tests using single floret inoculation procedures. W14 and Shaan 85 are improved type I
resistance sources derived from Sumai 3 and may also possess other types of resistance.
Ernie is a SRW wheat variety that lacks any of the known scab resistant sources in its
ancestry (Chen et al., 2000a,b).

Two complementary genes with major effects were found to confer scab resistance in W14
and Shaan 85 based on similar segregation patterns of F, populations for type Il, lll and IV
resistance characterized by disease severity, DON content and percentage of infected
kernels (scabby seeds), respectively (Table 1 & 2). One to two genes were found to confer
resistance in SRW wheat Ernie (Table 2). Segregation patterns observed in the four F,
populations suggest that gene interaction is likely and may explain transgressive segrega-
tion as observed in this study and in those reported by other researchers (Buerstmayr et al.,
1999 and 2000; Mesterhazy et al., 1999).

Significant positive correlations were found between disease severity (type Il resistance),
DON content (type Il resistance), and scabby seeds (type IV resistance) based on segrega-
tion data from four F, populations. Highly resistant individuals with type Il resistance were
found to also possess type Il and type IV resistance; however, about 25 % of individuals
with type Il and IV resistance didn’t express type Il resistance. Individuals with type IV
resistance expressed type Il resistance in most cases (Table 4).
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The F, population Pioneer 2684 x W14 (150 individuals) was used to initiate mapping
studies. Sixty-two SSR markers previously located on chromosomes 3B, 5A and 6B (Roder
et al., 1998) were selected and evaluated for polymorphism between parental lines. Of the
62 SSR markers, 21 (34%) were polymorphic between resistant parent W14 and suscep-
tible parent Pioneer 2684. Three markers, GMS389, GMS410, and GMS533, likely are
associated with scab resistance and cumulatively accounted for 23, 18 and 19% of the
phenotypic variance for type Il, Il and IV resistance, respectively in the current study

(Table 3).

Correlation and regression analyses indicate that a specific association may exist between
SSR markers and type of resistance (Table 3 & 4). GMS410 previously located on chromo-
some 5A (Rdder et al., 1998) explained more of the phenotypic variance for DON produc-
tion than for disease severity and scabby seeds; whereas, GMS533 explained more of the
variation for disease severity and scabby seeds than for DON. GMS 389 explained more of
the variation for disease severity and DON than for scabby seeds. GMS533 explained less
of the phenotypic variance for resistance in the current study than in that of Anderson et al.
(2001) and may be the result of multiple alleles being present at this resistance locus and/or
variable linkage distances between the marker and QTL in different genetic backgrounds.
This is supported by analyses of DNA polymorphism of the three markers evaluated in the
current study among resistance sources Sumai 3, Funo (one of parents of Sumai 3), Shaan
85, W14, VR95B717, and SRW wheat varieties Ernie, Madison, Pioneer 2684.

Additional molecular markers, SSR and other types, will be evaluated in current and other
mapping populations to identify putative QTLs associated with resistance, saturate chromo-
some regions associated with resistance, and develop a skeletal map. This research has a
potential to identify new QTLs associated with scab resistance, provide additional markers
linked to previously reported QTLS, and to identify markers that are effective across a variety
of genetic backgrounds; all of which are essential for successful exploitation of marker-
assisted selection.
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Table 1. Inheritance of scab resistance conferred by source W14 based on segregation
of progeny for disease severity (%), scabby seeds (%) and DON content (ppm) in F,
populations Madison x W14 and Pioneer 2684 x W14 assessed via floret inoculation in
1999 greenhouse tests.

No. of Plants Expected X2

Parents and cross R* S Ratio value Probability
Madison x W14 64 74 7:9 0.2876 0.50-0.75
Pioneer 2684 x 80 126 7:9 1.8274 0.10-0.25
W14

Madison x W14 62 76 7:9 0.0373 0.75-0.90
Pioneer 2684 x 115 91 9:7 0.0028 > 0.99
W14

Madison x W14 83 55 9:7 0.6998 0.25-0.50
Pioneer 2684 x 86 120 7:9 0.2592 0.50-0.75
W14

* R = Resistant and S = Susceptible progeny. Classification of resistant progeny was determined
by the distribution and mean of the two parents, and based on the mean of resistant parents or
the mean plus 0.5 to 1.5 times the standard deviation.
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Table 2. Inheritance of scab resistance conferred by sources Shaan 85 and
Ernie based on segregation of progeny for disease severity (%), scabby

seeds (%) and DON content (ppm) in F, populations Pioneer
85 and Pioneer 2684 x Ernie assessed via floret inoculation in 1999

greenhouse tests.

2684 x Shaan

2

Expected X
Parents and cross R * S Ratio value Probability
Pioneer 2684 x 124 96 9:7 0.0012 >0.99
Shaan 85
Pioneer 2684 x 168 149 9:7 1.2342 0.25-0.50
Ernie
Pioneer 2684 x 69 90 7:9 0.0001 >0.99
Shaan 85
Pioneer 2684 x 230 87 3:1 0.8843 0.25-0.50
Ernie
Pioneer 2684 x 68 91 7:9 0.0289 0.75-0.90
Shaan 85

*R = Resistant and S = Susceptible progeny. Classification of resistant progeny was determined
by the distribution and mean of the two parents, and based on the mean of resistant parents or

the mean plus 0.5 to 1.5 times the Standard deviation.
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Table 3. Multiple linear regression analysis for SSR markers associated
with scab resistancein 150 F2 individuals from cross Pioneer 2684 x W14,

Markers DEA Probability DiSC:ae;ﬁcient of Determination Favorable genotype**
Disease  Scabby DON e Scabby DON Disease Scabby DON
Severity Seeds Content | Severit  Seeds Content Severity  Seeds Content
(%) (%) (ppm) | vy (%) (%) (ppm) (%) (%) (ppm)
GMS410 148| < 0.001 <0.001 <0.001 7.56 7.83 9.10 P P P
GMS389 148| < 0.001 <0.001 <0.001| 1053 7.35 9.50 w w w
GMS533a | 148| <0.001 <0.002 0.039 9.92 6.40 394 w w w
GMS533b | 148| <0.001 0.002 0.009| 1051 6.60 457 w w w
All Makers | 146| 0.000 <0.001 0.000| 22.78 17.72 18.96 WP WP WP

*DF: Degree of reedom of error. ** W indicates W14 alleles that decrease disease severiy, scabby seeds
and DON content.P indicates alleles from Pioneer 2684.
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Table 4. Linear correlation analysis between SSR maker data and disease data charac-
terized by disease severity, scabby seeds and DON content in 150 F, individuals from
population of Pioneer 2684 x W14.

---- SSR Markers ----
Disease Scabby DON
Severity Seeds Content | GMS389 | GM3410 | GMS533a
Scabby 0.5911**
Seeds
DON 0.5388** | 0.8646**
Content
GMS389 - 0.3245** | - 0.2711** | - 0.3082**
GM$410 0.2749** | 0.2798** | 0.3016** | -0.0567
GMSE533a | - 0.3150** | - 0.2529** | - 0.1984* [ 0.2756** -0.055
GMSE33b | - 0.3241** | - 0.2568** | - 0.2137** [ 0.3077** | -0.0552 | 0.8089**

* Significant at P=0.05; ** Significant at P=0.01
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EFFECTIVENESSOF MASFOR SELECTION OFHEAD BLIGHT
RESISTANCE IN SOFT RED WINTER WHEAT
JM. Costa*, K. Samon, A. Demianski, and K. Grant

University of Maryland, College Park, MD, 20742
*Corresponding author: PH: (301) 405-1317, E-mail: jc274@umail.umd.edu

ABSTRACT

The development of molecular genome analysis tools has created an interest in the use of
marker assisted selection (MAS) in applied plant breeding programs. MAS may become an
important aid to plant breeders in selection of superior genotypes. Instead of using pheno-
typic selection for a trait, once a tight linkage has been established between the trait and the
marker, the marker can be used for selection. MAS may become especially useful for traits
that are difficult to assay by phenotype such as scab or head blight resistance. In this re-
search, we will examine the effectiveness of MAS for selection of germplasm with resis-
tance to head blight of wheat by comparing field selection with MAS using Amplified Frag-
ment Polymorphism markers (AFLPS) in two crosses (Ning7840/Pioneer 2643 and Ning
7840/Pioneer 2684). Bai et al. (1999) have recently identified AFLP markers linked to a
major QTL controlling resistance to scab present in the cultivar Ning 7840. This QTL, lo-
cated on chromosome 7 B, explained up to 60% of the variation in scab resistance. AFLP
markers linked to this QTL will be used to indirectly select resistance genotypes in crosses
between a resistant genotype and adapted SRWW genotypes. Breeding lines will be
evaluated for agronomic traits and screened for the presence of the favorable AFLP alleles.
Selection progress for scab resistance using MAS will be compared with phenotypic selec-
tion. We are currently screening the wheat parental lines for AFLP polymorphism.
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EXPRESSION PATTERNSOF GENESFROM A HEAD SCAB INFECTED
SPIKE CDNA LIBRARY.
John Fellers™*, Krigti Hill-Ambrozt, Wanlong Li?, and Bikram Gil |2,

IUSDA-ARS and 2Dept. of Plant Pathology, Kansas State University, Manhattan, KS, 66506
*Corresponding author: PH: (785) 532-2367, E-mail: jkn@alfalfa.ksu.edu

ABSTRACT

The sequencing of randomly selected cDNA clones has become a rapidly growing area for
the identification of genes expressed in organisms with large genomes. A cDNA library was
made from wheat spikes of the variety ‘Sumai 3’, 24 hr after inoculation with Fusarium
graminearum. 1solated plasmids from 864 colonies were sequenced using automated DNA
analysis. Quality sequence from 799 colonies was submitted for database alignment using
BLASTX and alignment analysis revealed that the library contained 580 singletons.
BLASTX alignments assigned putative function to 346 of the 580 singletons. The remaining
singletons were aligned with genes of unknown function or had no significant alignment to
sequences in the database. Of particular interest were 30 putatively assigned defense
response genes, 7 disease resistance genes, and 7 stress response genes. Nylon arrays
were made of the singletons and probed with cDNA made from mRNA of Sumai 3 spikes 0,
24, and 48 hr after infection. The expression patterns will be analyzed and reported.
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FINEMAPPING OF A QUANTITATIVETRAIT LOCUSFOR WHEAT
SCAB RESISTANCE USING PSTI-AFLP
'Guo, P-G, 2Shaner, G.E, and *G-H Bai*

Department of Plant and Soil Science, Oklahoma State University, Stillwater, OK 74074,
2Department of Botany and Plant Pathology, Purdue University, West Lafayette, IN 47907
*Corresponding author: PH: (405) 7449608, E- mail: bai@mail.pss.okstate.edu

ABSTRACT

In the previous study, we demonstrated that amplified fragment length polymorphism (AFLP)
is a useful marker system for identification of wheat scab resistance QTL, and identified one
major QTL for scab resistance from Ning 7840 by using EcoRI-AFLP. Psti-AFLP markers
ware reported to distribute more randomly in the corn genome than EcoRI-AFLP. Thus, we
employed Psti-AFLP markers to conduct further fine mapping in the major QTL region. The
recombinant inbred lines (RILs) were derived from the cross between resistant cultivar Ning
7840 and susceptible cultivar Clark by single seed decent. The RILs were evaluated for
scab resistance in the greenhouses by single spikelet inoculation. Wheat DNA from parents
and 66 F, RILs was double-digested by Pstl and Msel. Total 95 primer pairs were screened
against the parents, and eighteen primer pairs showed a high level of polymorphism, there-
fore were used to analyze the RILs. Total 2,018 bands were amplified and 274 polymorphic
bands were scored. Most of these markers were integrated into the existing EcoRI-AFLP
map. The results indicated that Psti-AFLP also randomly distributed in wheat genome.
Addition of Pstl-AFLP markers not only increased genome coverage by filling the gaps in
the EcoRI-AFLP map, but also increased the marker density. In the linkage group with major
QTL, five Pstl-AFLP markers showed a significant association with scab resistance, and
three of them explained high up to 70% of phenotypic variance in 66 RILs. Therefore, Psti-
AFLP is an effective tool for high-resolution mapping of scab resistance QTL in wheat.
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FINDING QUANTITATIVETRAIT LOCUSASSOCIATED WITH
FUSARIUM HEAD BLIGHT OF WHEAT USING SIMPLE SEQUENCE
REPEAT MARKERS
TAnjuGupta, °P. E. Lipps*, and *K. G. Campbell

Department of Horticuture and Crop Sciences and 2Department of Plant Pathology, Ohio Agricultural
Research and Development Center, The Ohio State University; Wooster, OH, 44691,
SUSDA-ARS, Washington State University, Pullman, WA, 99164
*Corresponding author: PH: (330) 263-3843, E-mail: lipps.1@osu.edu

INTRODUCTION

Fusarium Head Blight (FHB) is a devastating disease of wheat (Triticum aestivum) reported
since 1890. It is caused by fungus F. graminearum (teleomorph:Gibberella zeae Schwabe.).
It has caused major grain losses all over the United States and worldwide. The loss is
primarily due to floret sterility, poor to no seed filling, pink and shriveled tombstone kernels,
low-test weight grains and presence of fungal mycotoxin-deoxynivalenol (DON) in the
infected grains.

Molecular markers are powerful tools for marker assisted selection. Many markers closely
linked with the disease resistance genes and quantitative trait loci (QTL) have been re-
ported for many crops. QTL mapping will help locate genes that account for genetic varia-
tion in FHB resistance phenotypes. Restriction fragment length polymorphic (RFLP) and
Amplified Fragment Length polymorphic (AFLP) markers have been used to identify FHB
resistance QTLs in different genetic backgrounds. We have used Simple Sequence Repeat
Markers to identify QTL associated with FHB resistance.

OBJECTIVE

Our main objective is to find quantitative trait locus associated with the FHB using two
segregating populations, Ning7840 (resistant)/OH542 (susceptible) and Ning7840 (resis-
tant)/Freedom (resistant). We are also interested in determining if the genes for resistance to
FHB in Ning7840 and Freedom are similar or different.

MATERIALS AND METHODS

Two populations of F,, lines developed by single seed descent method were used. These
two populations were derived from a cross between Ning7840/OH542 (108 progenies) and
Ning7840/Freedom (100 progenies).

Plant materials: Ten plants per family were evaluated for all the progenies of each popula-
tion in the greenhouse. Seeds were sown in flats of soil in the greenhouse. Plants were
vernalized for 60 days in a lighted cold room maintained day and night at 4°C. Each germi-
nated seed was transplanted individually. The greenhouse temperature varied from 19°C to
30°C during the day and 17°C to 21°C during the night.
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The lines were also evaluated for resistance in the field at OARDC, Wooster, Ohio in 1999
for resistance to FHB. Lines were planted in a completely randomized block design with two
replications each. Experimental units were 1m long and 30 cm apart (0.3 sq. feet). Patterson
and Pioneer 2545 and OH542 were included as susceptible checks and Ning7840, Ernie
and Freedom as resistant checks.

Inoculum Preparation: For greenhouse inoculation, fungal cultures from four aggressive
Fusarium graminearum isolates were mixed in equal volume. The final concentration was
adjusted to 10° conidia/ml. For field inoculations, Fusarium graminearum colonized corn
kernels (Campbell and Lipps, 1998) were used as inoculum. The field was mist-irrigated
daily throughout flowering.

Inoculation: Hypodermic syringe inoculation technique was used for greenhouse inocula-
tions. At anthesis, the center spikelet of each head was inoculated with a drop of freshly
prepared conidial suspension (10° conidia/ml). Plants were maintained in a moist chamber
at 100% relative humidity with temperatures ranging from 23°C to 25°C for three consecutive
nights and then returned to the greenhouse bench.

Colonized corn kernels were spread in the field 18-21days prior to flowering. Heading dates
were recorded as early, mid and late. 20 heads from each genotype were rated for %spikelet
affected approximately 21 days after anthesis for severity ratings. Data was analyzed and
compared with the greenhouse data.

Molecular Markers: DNA was isolated from parents and all 108 and 100 F,, progenies of
above two segregating populations. DNA extraction protocol perfomed was as described by
Wang et al (1993). Primers for simple sequence repeat markers published by Roder et al
(1996) were synthesized and screened for polymorphism among the three parents of above
population. Priority was given to chromosomal regions that were found to be associated with
QTL for FHB resistance in prior literature. Polymerase Chain Reaction (PCR) used was as
described by Roder et al (1996) with a modification of 40 cycles of amplification instead of
45. Annealing temperature(T,,) was calculated for each primer individually based on the
molecular weight. Amplified DNA products were visualized on a 4% superfine resolution
agarose (SFR) run for 6-7hrs on the electrode. Ethidium bromide staining procedure was
used. Primers showing polymorphism between three parents were used to evaluate all the
progenies of the two populations.

Data: Inoculated heads were assessed for severity ratings as percentage of spikelet af-
fected after 10 and 14 days in the greenhouse. FHB severity was recorded using a visual
assessment scale (Stack et al, 1994, NDSU Extension) for greenhouse. Disease param-
eters recorded in the field were incidence, severity, visual kernel assessment scale (Stack et
al, 1994, NDSU Extension), total kernel weight, percent scabby seed by weight and DON
level (ppm).

Statistical Model for Phenotypic Data Analysis: For both greenhouse and field, univariate
plots for all the disease parameters were plotted independently using PROC UNIVARIATE
in SAS(SAS institute version 6.03). One way analysis of variance (ANOVA) was conducted
for the field and greenhouse data separately for the entire population using PROC GLM.
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Pearson product movement correlations were calculated by PROC CORR to compare the
disease severity ratings in different environments. The same procedure was also used to
compare the disease severity ratings with other disease parameters from the field. In all
cases, the correlation values were calculated from the means of genotypes at individual
environment.

Statistical model for QTL Analysis: Quantitative trait anaysis was performed using SAS.
One way ANOVA based on marker classes was conducted for each environment separately
and on mean trait values over all environments using general linear model (PROC GLM)
procedure for single codominant marker model for F, progeny. Rep and genotype within
marker were considered random effect in the model. Error term was defined as gen(marker)
to explain the uncontrolled variation.

RESULTS

The tests for normality showed data for both the populations from greenhouse and field to
be normally distributed. Data for other scab ratings from the field were also found to be
normally distributed. Mean distribution curve for Ning7840/Freedom population and
Ning7840/0OH542 population for greenhouse and field are shown in figure I, II, 1lI, IV. Field
data of Ning7840/0OH542 population is based on only one rep since 2" rep was lost in the
field due to mechanical failure of the planter. Greenhouse and field data were found to be
moderately correlated for both the populations (r =0.37 & 0.35)
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Figure I: Normal Distribution Curve Figure Il: Normal distribution Curve
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Genotypic data: Some of the SSR primers were found to be significantly associated with
the trait in all the four experiments. Three other SSR primers located at 7BS and 2AS were
found to be significantly associated with field FHB screening data(0.008 and 0.002 respec-
tively) in the Ning7840/Freedom population. The test for significance was performed at 0.05
alpha level. Primers with low level of significance (0.10) are also reported in this preliminary
report. All the progenies from above two populations are currently screened for a second
year greenhouse testing for resistant to FHB. The final (2001) year data will help us in
determining the true nature of QTL association. SSR markers significantly associated with
one year greenhouse and one year field FHB disease screening are listed in Table | and II.
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Table I: SSR Marker location and level Table Il: SSR Marker location and

of significance for association with FHB level of significance for association

trait in Ning7840/Freedom population with FHB trait Ning7840/OH542

population

SSR marker |Location [Significance SSR marker|Location|Significance
level level

Xgwm493 (3BS 0.05|* Xgwm389 |3BS 0.05]**

Xgwm389 |3BS 0.1]* Xgwm156 |5AL 0.02]*

Xgwm?285 [3BS 0.1[** Xgwm?2 3AS 0.01}*

Xgwm480 |3AL 0.02]** Xgwm126 |5AL 0.1[x**

Xgwm?296 [2AS 0.003|* Xgwmb33 |3BS 0.03|**

Xgwm46 7BS 0.008|*

Xgwm5b18 |[6BS 0.1[***

Xgwm126 |5AL 0.1]**

Xgwm186 |5AL 0.1]*

* if the marker is significantly associated with the FHB screening data from field
** if the marker is significantly associated with the FHB screening data from
greenhouse

*** if the marker is significantly associated with the FHB screening data from both
greenhouse and field
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PROTEIN GENE PRETESTING
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OBJECTIVE

To develop a rapid pretest protocol for antifungal protein gene (AFP) constructs used in
biolistic transformation of whole plants. The rapid system is based on a plant cell suspen-
sion culture approach to make it possible to test biolistic AFP constructs for their ability to
stop or slow visible colony growth of the Fusarium Headblight fungus, Fusarium
graminearum.

INTRODUCTION

Pre-testing of AFPs in suspension plant cell cultures is highly desirable because whole-
plant transformation and headblight testing of adult transformants is expensive and time-
consuming [Chen et al., 1999; Smith et al., 2000]. It often takes a minimum of eighteen
months or more to test the efficacy of antifungal genes using whole plant transformation and
adult plant screening procedures [Van de Mortel et al., 1999]. In addition, individual AFPs
are often not broad-spectrum and many isoforms may need to be tested. Plant suspension
cell expression systems that accept a wide range of constructs are more desirable than
other expression systems that require additional cloning steps. In addition some expression
systems may not properly process biologically active eukaryotic antifungal proteins. There-
fore a protocol using a plant suspension cell assay for pre-testing eukaryotic antifungal
protein, biolistic constructs (AFPs) useful in genetic engineering of fungal disease resistant
cereals [Bushnell et al., 1998] is being developed. In this protocol plant suspension cell
cultures transformed using biolistic constructs of antifungal genes are tested against the
visible colony growth of the Fusarium Headblight fungus.

METHODS

The protocol uses Black Mexican Sweet Corn suspension cells (BMS) because they are
easily transformed by microprojectile bombardment and are fast growing on MS solid and in
liquid media [Murashige and Skoog, 1962]. BMS cells are ideal for protocol development
because they respond to several commonly used plant promoters like the cauliflower mo-
saic virus promoter, maize ubiquitin promoter and others [Hilburn et al., 2000]. In addition
preliminary studies indicate that BMS cells can be stably transformed and subcultured for up
to eight months without loss of transgene transcription capability (Table 1). Transgene viabil-
ity during subculturing may depend upon the type of promoter used in a particular plasmid
construct.
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Plasmid and Promoter (~4 months after | (~8 months after (~12 months after | (~17 months after
Driving GUS Expression | transformation) transformation) transformation) transformation)
And Cell Line Number

pKScBV GUS 13-3-1C + + + +
17-1-2A + + + +
17-1-2C + + + +
17-2-1C + + + +
19-1-2C + + + +
19-3-2C + + + +
pKUbi GUS 12-1-2D + + + +
13-1-1A + + + +
13-4-1B + + + +
16-4-1B + ~+ ~+ ~+
18-2-2A + + + +
18-1-4E + + + +
19-3-2C + + + NS
pK35S GUS 12-1-2C + + + +
14-4-1A + + NS NS
13-4-1D + + NS NS
16-1-2C + + NS NS
19-2-1B + + NS NS

Table 1. Stability of GUS transformed BMS lines over time. BM S cells were co-
transformed with a plasmid containing the GUS reporter gene and a plasmid containing
the nptll gene as a selectable marker. Constructs with three differing promoters were used
to drive the GUS gene. These were the Sugarcane Bacilliform Badna Virus promoter
(ScBV), the maize ubiquitin promoter (Ubi), and the CaMV 35S promoter (35S). Stable
lines were created and transferred weekly. Staining for GUS expression was used to
determine GUS transgene stability throughout cell generations over time. A (+)
designates positive GUS staining (blue product), a (~+) designates weak GUS staining,
NS designates no sample available.

To develop this protocol four AFPs were chosen, all had previously documented antifungal
activity in non-cereal plant systems [Datta et al., 1999]. The AFPs were 1) rice chitinase [Zhu
and Lamb, 1991], oat thaumatin-like protein [Lin et al., 1996], and barley chitinase and
barley glucanase [Leah et al., 1991]. Several stably transformed BMS cell lines for each of
four AFPs in constructs driven by the ScBV promoter [Tzafrir et al., 1998] were created. To
accomplish this, suspension cultured BMS cells were collected on cellulose filter pads,
placed on solid MS media and transformed by microprojectile bombardment. The npt// gene
(paromomycin resistance) was used as a selectable marker in co-transformation with all
AFP constructs. After cell line selection, BMS-AFP lines were placed into MS liquid culture
and grown in the presence of the paromomycin selector. A week before their use in the
fungal growth assay procedure, BMS cell lines were transferred to liquid MS media without
paromomycin [Hilburn et al., 2000].
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BMS-AFP suspension lines were verified for AFP mRNA transcription by RT-PCR. For
preliminary study, a single BMS line, representing a single transformation event, was se-
lected for each AFP. These BMS-AFP cultures were used to form cell “lawns” on cellulose
filters. The AFP-BMS cell lawns were placed on solid MS media and centrally inoculated
with a macroconidia suspension of known concentration from a virulent strain of Fusarium
graminearum. The growth of the fungus (colony diameter) on each AFP-transformed cell line
was recorded daily during an 8-day period.

PRELIMINARY RESULTS AND DISCUSSION

In replicated preliminary experiments none of the initial four AFPs, from single event BMS
transformed cell lines, slowed or stopped the growth of the FHB fungus (Fig. 1). This oc-
curred even though they transcribed mRNA for their AFP transgene. Although replicated,
these results should be considered preliminary since there are more AFP-BMS cell lines
from independent transformation events yet to be tested. Nevertheless the results are not
unexpected since a closely related fungus, F. solaniis well known for not responding to
specific isoforms of chitinase, glucanase and other AFPs [Shewry et al., 1997].

F.graminearum growth on AFP transformed BMS cell lines

100

90

80
£ 70 —m— GUS 6-2-2
= & X7
ey 60 —@—Bar Chi 5-4-3
O < 50 —a—BarGlu3-2A
< B8 / . .
O g 40 —%—Rice Chi 1-4-2B
Z
S E 30 // —e—TLP1-1-2A

- 4

10 >

0 T T

1 2 3 4 5 6 7 8

DAYS AFTER INOCULATION

Figure 1. Growth of F. graminearum on AFP transformed BMS cell lines. Stable BMS sus-
pension culture lines transcribing mMRNA for their AFP were collected on filters and placed
on solid MS media. These BMS cell lawns were then center inoculated with a macroconidia
suspension of F. graminearum. Fungal growth measured as colony diameters were recorded
daily, for 8 days.
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A confounding factor is potential variability between AFP-BMS lines. Transformed BMS-AFP
cell lines from single transformation events may differ in growth rates and in final transgene
expression. Therefore more AFP-BMS lines from existing stocks and verified for transgene
transcription by RT-PCR, (5 for each AFP) will be screened to verify preliminary results. In
addition, F graminearum grows well as saprophyte on MS media and may simply be over-
growing and ignoring AFP-BMS cells by using the sucrose carbon base in the MS media as
a substrate. Therefore, all future testing will be done on solid MS media minus sucrose.
Preliminary experimentation revealed that BMS cells stay alive and active for up to 7 days
on MS media without sucrose.

Also, it is well known that combinations of AFPs can act synergistically to halt fungi. The
classic example is chitinase and b - 1,3 glucanase, which together can synergistically arrest
growth of certain fungal species [ Datta et al., 1999; Shewry et al., 1997]. Therefore, mixtures
of AFP transformed BMS lines will be made and tested as composite lawns against the
growth of £ graminearum.
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ABSTRACT

Fusarium head blight (FHB), caused primarily by Fusarium graminearum, has been one of
the most destructive diseases of barley since the early 1990s, resulting in huge economic
losses for the growers. Of particular concern is the production of deoxynivalenol (DON), a
pathogen virulence factor, which is harmful to humans and livestock. It has been proposed
that increasing plant tolerance to DON could improve resistance to FHB while at the same
time reducing DON accumulation in grain. FsTRI 101 (TriR), encodes a 3-OH trichothecene
acetyltransferase that converts DON to a less toxic acetylated form while PDR5, an ATP-
binding cassette transporter, acts as a efflux transporter, shunting DON across the plasma
membrane from the interior of the cell. We have transformed the commercial malting barley
cultivar Conlon with the TR/ 101 and PDR5 genes with the aim of eliminating/reducing DON
level in the infected grain. Ten day old callus derived from immature embryos was co-bom-
barded with the herbicide resistant gene, bar, as a selectable marker. After several rounds of
selection on bialaphos medium, putative transgenic plants were regenerated. The
transgenic nature of these plants were confimed by Southern analysis. Work is in progress
to determine the expression of the introduced genes. Some of the regenerated plants were
tetraploid. We are trying to convert transgenic tetraploid plants into diploid through conven-
tional crossing.
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ABSTRACT

The current epidemic of Fusarium head blight (scab) in the northern Great Plains has sig-
nificantly reduced the availability of malting barley grown in this region. Resistant cultivars
are the most economical means to control this disease. DNA markers associated with scab
resistance can be used to enhance early generation selection in a breeding program. The
objective of this research is to identify RFLP and SSR markers that flank genomic regions
associated with scab resistance. A population of 128 F,-derived lines from the cross
Fredrickson (moderately resistant)/Stander (susceptible) was evaluated for scab resistance.
148 RFLP and SSR markers were mapped in this population. Markers associated with a
major QTL for scab resistance were identified on chromosome 2.
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OBJECTIVES

The aims of this project are to generate lines of hexaploid wheat expressing genes that
encode candidate antifungal (AF) proteins, and to optimize the activities of these proteins in
tissues for effectiveness against Fusarium head blight (FHB). Our short-term objective is to
increase the expression of our candidate genes in wheat floret organs.

INTRODUCTION

One approach to combating FHB is the introduction of genes encoding components of the
host defense response pathway and proteins having antifungal activity. Using the biolistic
method of genetic transformation, we have introduced six candidate AF protein gene con-
structs into the regenerable cultivar Bobwhite (Table ). Two of the genes encode proteins
that are intended to reduce the toxic action of deoxynivalenol (DON), and four of the genes
encode pathogenesis-related proteins that have the potential to disrupt the cellular architec-
ture of the pathogen, F. graminearum. All of the genes are regulated by the constitutive
maize Polyubiquitin-1 promoter/first intron (UBI, Christensen and Quail 1996). This paper
describes the assessment of steady state mMRNA levels in transformed wheat lines contain-
ing each of the constructs. We summarize our findings on molecular features of the AF
genes that might account for their generally low expression levels and our plans to improve
fungal gene expression in wheat. The engineering of two novel candidate anti-Fusarium
genes (Table I1) for expression in monocots is also discussed.
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Table I. Summary of candidate genes and their expression in transgenic wheat lines

A. Candidate AF genes.

Gene Origin Mode of Action # Lines Lines Reference
FsTRI101 F. sporotrichioides DON acetyltransferase 4 4 McCormick et al .
PDR5 S cerevisae DON transporter 11 4/7tested Bazietal.

tip-1 T. aestivum membrane disruption 4 3 Rebmann et al
FvGlu F. venenatum glucan degradation 6 3 unpublished
FvChil F. venenatum chitin degradation 8 4 unpublished
FvChi2 F. venenatum chitin degradation 3 2 unpublished

MATERIALS AND METHODS

Qualitative RT-PCR was carried out according to Altenbach (1998), using 200-600 ng total
RNA from endosperm (15 to 25 days post anthesis) or glume (15 days post anthesis), and
either the RNA PCR Core Kit (Perkin Elmer) or the OneStep RT-PCR Kit (Qiagen). For
semi-quantitative RT-PCR, total RNA was diluted to 5-40 ng per reaction for amplification of
tlp and actin transcripts, and 200-600 ng per reaction for amplification of all other transcripts.
Primers for the amplification of wheat actin transcripts were CACTGGAATGGTCAAGGCTG
(ActA) and CTCCATGTCATCCCAGTTG (ActB). The actin RT-PCR primers were derived
from three Triticum expressed sequence tags (GenBank accession nos. BE398871,
BE425854, BE492306) and are specific to monocot actin sequences (not expected to
amplify fungal, insect or human actin sequences).

To enhance the expression of several Fusarium AF genes, we are modifying the three
nucleotides immediately upstream of the ATG start codon (start codon context), the flanking
upstream nucleotides (5' leader), and the frequencies of specific codons within the coding
region. Modifications (Table II) to the candidate AF genes FsTRI101, TRI12, FvGlu, and
DONPep2 are being carried out using synthetic primers and PCR (e.g., see Ho et al. 1989).

For the transient assay, embryogenic calli from wheat cv. Bobwhite or barley cv. Golden
Promise were co-bombarded with UBI::uidA (GUS) and either UBI::FsTRI101, UBI::tlp, or
UBI::FvEndo. After incubation for up to 48 hours, RNA was isolated and semi-quantitiative
RT-PCR of the AF mRNAs, GUS, and actin transcripts was carried out as described above.

RESULTS AND DISCUSSION

Thirty six independent wheat lines carrying one of the six antifungal gene constructs have
been identified using the polymerase chain reaction (PCR) (Table I). Of these, a total of 20
transformed plants accumulated AF gene transcripts (MRNA) in endosperm, detectable by
the reverse transcription-polymerase chain reaction (RT-PCR) method.

We observed plant-to-plant variations in mRNA levels for each of the candidate AF genes.
In general, our RNA blot analyses (not shown) and RT-PCR experiments indicated that the
expression of a tlp gene from wheat (Rebmann et al. 1992) was significantly higher than that
of candidate genes derived from Fusarium or Saccharomyces, even though all of the genes
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were regulated by the Ubi promoter/first intron. Although the levels of gene expression
needed for effective action against F. graminearum have yet to be determined, high levels of
expression are generally sought.

Semi-quantitative RT-PCR was used to distinguish among the different lines exhibiting
transgene expression and to identify transformed lines expressing the highest steady-state
levels of AF mRNAs (e.g., Fig. 1). Actin mRNA levels were monitored to normalize the
amplification of the AF transcripts among different RNA samples. In planta endosperm
expression levels ranged from 2- to 5-fold in independent lines expressing the same AF
gene. tip-1 mRNA was about 10-fold more abundant than transcripts encoded by genes
from Fusarium species. Where samples were available for testing, expression of the AF
gene in glume tissues was very similar to that in endosperm. The glume is one of the first
sites of Fusarium infection (Pritsch et al. 2000) under high inoculum pressure.

Fig. 1 RT-PCR detection of TR/I101 mRNA in endosperm (E) or glume (G) tissues har-
vested from three transgenic lines (74, 156, 175).

E E E G G
74 156 176 156 176
50 200 600 50 200 600 50 200 600 50 200 600 50 200 600 ng RNA

Ubi::TRI

5 20 40 5 20 40 5 20 40 5 20 40 5 20 40 ng RNA

Our mRNA analyses indicated that the wheat tlp-1 transcripts were significantly more
abundant in wheat endosperm than were transcripts of the four Fusarium AF genes. To
determine whether this was due to undesirable features within the fungal genes, we exam-
ined each for codon usage and consensus processing elements. The mRNAs deduced from
the four fungal genes were free of known plant intron splice consensus elements, U-rich
(e.g., Ko et al. 1998) or AU-rich segments (Haseloff et al. 1997; lannacone et al. 1997) asso-
ciated with monocot introns and transcriptional termination, and plant polyadenylation
signals (Joshi 1987; Mogen et al. 1990). The GC content of the coding regions of the
Fusarium AF genes ranged from 53% to 57 %, which compared favorably to the GC content
of 39 non-redundant genes (containing over 11,300 codons) expressed in wheat leaves,
wheat endosperm, and pollen of wheat, barley and maize. However, the Fusarium and
monocot genes differed subtly in the usage of specific codons, and this might account for
the lower accumulation AF gene transcripts of fungal origin in wheat tissues. Based on
these analyses, we plan to change two of our constructs as shown in Table II.

Two new candidate AF genes, TRI12 and DonPep2, are being modified for expression in
wheat and other monocots. TRI12, a trichothecene efflux transporter from F sporotrichioides
(Alexander et al. 1999), is encoded by a 1.8 kb open reading frame. Owing to its smaller size
and more favorable codon preference, the TRI12 gene provides a promising alternative to
PDRS5. A novel peptide, DonPep2, is one of two DON antagonists that interfere with the toxic
action of DON in vitro (Yuan et al. 1999). The peptide has been adjoined to the green fluo-
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rescent protein for expression in plants. Modifications to TR/12 and DonPep2 for expression
in wheat are summarized in Table .

Table ll. Proposed gene modifications for enhancement of mMRNA accumulation in mono-
cots

Gene Name Description of modification(s)

FsTRI101 start codon context from AAA to GCG with CA-rich 5' leader
FsTRI12 start codon context from AAG to GCG with CA-rich 5' leader
FvGlu start codon context from ACT to ACC

start codon context from ACT to GCC
monocot codon usage

DONPep2  start codon context from ACA to GCG with CA-rich 5' leader and monocot codon usage

In order to test whether these proposed changes in 5' leader sequences or codon usage are
effective in increasing the expression of fungal gene constructs in wheat, we are developing
a transient expression assay. Such an assay will serve as a more rapid and tractable evalu-
ation system than whole plant transformation. In preliminary experiments, wheat embryo-
genic calli were co-bombarded with UBI::uidA (GUS) plasmid in combination with either
UBI::tlp-1 or UBI::FVEndo plasmid. Transcripts of uidA, tlp-1, FvEndo, and endogeneous
actin were readily detectable 48 hours after bombardment in our initial RT-PCR analyses,
indicating that quality RNA from both introduced and endogenous genes can be isolated in
suitable quantities. Barley embryogenic calli were co-bombarded with UBI::uidA (GUS)
plasmid in combination with either UBI:: TRI101, UBI::tlp-1, or UBI::FvVEndo plasmid. Calli
generated from embryos of barley cv. Golden Promise divide more rapidly than those from
the wheat cv. Bobwhite and yield more material for bombardment. We are currently testing
the suitability of barley callus tissue in transient expression assays. Assay conditions will be
optimized using both wheat and barley tissues, and bombarded calli will be evaluated for
reproducibility of expression. If relative expression levels of the AF genes in the transient
assay correspond to those observed in planta, then new AF gene constructs can be evalu-
ated within days rather than months.
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ABSTRACT

The main goal of the project is to identify and characterize genes from wheat which are
involved in the host-pathogen interaction in fusarium head blight (FHB), to determine which
gene pathways are modified in resistant sources and which pathways could be manipulated
to play a key role in resistance. The wheat cultivar Frontana, a Type | resistance source
from Brazil, has been used for the initial efforts. A suppressive subtraction hybridization
(SSH) library has been made from Frontana heads inoculated at mid-anthesis with a
Fusarium graminearum spore suspension and sampled 24 hr after inoculation. The subtrac-
tion was done with RNA from Frontana heads sprayed with water, to enrich for messages
induced by the fungal infection. About 1800 ESTs have been sequenced and 1000 ESTs
have been screened to select for genes with differential expression in inoculated heads. The
differential expression pattern of potential candidate clones has been confirmed using
Northern analysis.

We are also interested in the identification and characterization of genes from Fusarium
graminearum which are involved in the host-pathogen interaction and in fungal pathogenic-
ity. cDNA libraries have been constructed from Fusarium graminearum at various develop-
mental stages and under different growth conditions, including mycelia growing on rich
media, in Ahigh DON production@ liquid media, and on infected plant material, from
asexual spore suspensions, and from developing fruiting bodies. Sequencing of ESTs from
those libraries has been initiated.
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ABSTRACT

The wheat biotechnology program at the University of Nebraska uses an Agrobacterium-
mediated transformation protocol to deliver transgenes to wheat. The protocol is a modifica-
tion of that reported by Cheng et al. (Plant Physiol. 115:971). Transformation frequencies
range from 1% to 3% on a T plant in soil per explant (immature embryo) basis. The advan-
tages of an Agrobacterium-mediated protocol over a direct DNA delivery technique include
lower copy number of the foreign DNA element, lack of integration of fragmented copies,
and the lower probability of plasmid vector sequences outside the gene of interest region
being integrated into the genome. We have successfully utilized the system to introduced
foreign genes into three spring wheat genotypes, Bobwhite, Sakha 206 and UC703. Addi-
tional genotypes are currently being evaluated.

We have introduced into wheat a number of potential fungal resistance genes as a strategy
to control Fusarium Head Blight. These include three antiapoptotic genes, IAP, ced-9 and
Bcl-xI that may provide an avenue to modulate Fusarium pathogenesis and one direct
antifungal peptide, lactoferrin. Data will be presented on inheritance of the transgenes in
wheat, along with preliminary results on disease development from greenhouse inocula-
tions on the derived transformants.
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OBJECTIVES

1) Produce Fusarium-resistant barley through genetic transformation with specifically tar-
geted native antifungal protein genes. 2) Develop specific promoters for lemma/palea and
pericarp tissues. 3) Develop expression vectors that combine these promoters with se-
guences to target hordothionin and other antifungal genes to the intracellular space. 4)
Examine the tissue preference and routes of Fusarium infection.

INTRODUCTION

F. graminearum continues to destroy much of the U.S. barley and wheat crops. The produc-
tion of mycotoxins (e.g., DON) by Fusarium makes the harvest unsuitable for food, feed or
malting. Genetic transformation with antifungal protein genes may be a viable method for
introducing biochemical resistance. Low concentrations (5 micrograms/ml) of hordothionin
(HTH) completely suppress germination and growth of £ graminearum spores (Skadsen et
al., 1998). However, HTH is found only in the starchy endosperm. If HTH can be placed in
external tissues such as the lemma/palea and pericarp, it may provide a barrier to F.g.

Whereas HTH is associated with protein bodies (Carbonero et al., 1980; Ponz et al., 1983),
leaf thionin is associated with the vacuole and cell wall (Reimann-Phillip et al., 1989).
These can be induced by fungi and have antifungal properties (Florack and Stickema,
1994). The Arabidopsis Thi2.1 gene is inducible by pathogens, and its over-expression
leads to resistance to F. oxysporum (Epple et al., 1997). HTH expressed in tobacco en-
hanced resistance to some pathogenic fungi but not others (Carmona et al., 1993; Epple, et
al., 1997). However, the non-seed thionins apparently do not protect field barley from Fg.
Thionin precursors (Ponz et al., 1983) contain an N-terminal signal peptide and a 64 amino
acid C-terminal acidic protein (AP). Both are processed away, leaving a mature protein of 45
amino acids.

To effectively express anti-Fusarium genes, it is necessary to determine the route of Fg.
infection. In a review of Fusarium (Parry et al., 1995), the only histological study of F.g. (Pugh
et al., 1933!) noted that hyphae penetrate wheat kernels both inter- and intracellularly. £
oxysporum hyphae grow through the middle lamella and collapse adjoining cells, prior to
penetration (Kroes et al., 1998). Penetration of wheat stem cells by F. culmorum involves
growth through the intracellular space (Ebrahim-Nesbat et al., 1991). We have conducted
studies with a strain of Fusarium (gfp/Fusarium) transformed with the green fluorescent
protein gene of jellyfish (gfp; Skadsen et al., 1999). Soon after spores become established
on the lemma, hyphae grow rapidly to the tip of the floret. Hyphae then infect the anthers and
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proliferate within the florets of young florets. In older florets, hyphae rapidly proliferate on the
extruded ovary epithelial hairs; the anthers support comparatively little growth. Hyphae grow
downward and cover the pericarp. Hyphae also penetrate the lemma and grow directly into
the pericarp within 48 h from inoculation. It is therefore essential to express antifungal genes
in these exposed tissues.

Constitutive expression is being used to test the effectiveness of antifungal genes. These
results will be incorporated with ongoing research, which has produced a lemma-specific
promoter and several other pericarp-specific genes. Once the constitutively expressed
antifungal genes can be demonstrated to resist Fusarium, they will be coupled with tissue-
specific promoters. This may eventually allow HTH and other antifungal proteins to be
produced only in these tissues. Besides HTH transformants (see Results), we have also
produced transformants carrying the gene for another antifungal permatin protein,
BARPERML1 (Nuutila et al., 1998; Skadsen et al., 1999) and characterized the expression of
this gene (Skadsen et al., 2000). Our transformants have not produced BARPERML1 protein
in vegetative tissues. We have located a probable cause for this (below) and will use this
information to improve HTH and permatin transformation.

MATERIALS AND METHODS
Tissue-specific promoter cloning, vector construction, transformation and expression

The differential display technique was used to detect genes expressed in the lemma/palea
or pericarp but not in flag leaves. Products were used to probe blots of lemma/palea, peri-
carp and leaf RNAs. Tissue-specific gene candidates were cloned and sequenced, and the
corresponding nuclear genes were purified from a Morex genomic BAC library (Andy
Kleinhofs, Washington State U.). Deduced promoter regions were subcloned and ligated to
a gfp reporter gene (Jen Sheen, Harvard). Transient expression studies of promoter activity
were conducted with the pAHC17 vector, which contains the Ubi promoter and first intron
but no selectable marker (Christenson and Quail, 1996). We inserted gfp behind the Ubi
promoter. Vectors for stable constitutive expression of gfp and antifungal genes were pre-
pared from the Ubi/GUS+UbIi/BAR vector pAHC25 (Christenson and Quail, 1996) by re-
placement of the GUS gene. Vectors were attached to gold particles and used to transform
barley through the biolistic (gene gun) approach (Wan and Lemaux, 1994), with media
modifications described by Dahleen (1995). Screening of putative transformants was con-
ducted using PCR on leaf DNA extracted by the CTAB procedure. Particle bombardments of
lemmas, pericarps and leaves are being conducted with candidate tissue-specific promot-
ers, linked upstream from gfp. Later, promoter/HTH fusions will be constructed. Stable
transformants will be tested for Fusarium resistance. In the past, we have transformed the
Golden Promise cv. However, this does not lend itself to adequate field testing because its
spikes do not fully emerge from the boot. We will now transform the two-row Conlon cultivar,
which has been shown to transform and regenerate (Dahleen, 2000).

HTH antibodies and Subcellular targeting of HTH

HTH-1 was inserted into a pET vector in order to produce the full-length HTH protein. This
failed to produce protein in a pET/E. coli system. Because the HTH-1 sequence has two
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nearby start codons and a segment of 5’ UTR, it was hypothesized that these may inhibit
expression. HTH-2 was produced by removing the sequence upstream of the second start
codon. This produced high levels of HTH fusion protein (fused with pET thioredoxin). The
fusion protein was purified and used to produce antibodies in rabbits. If effective (see Re-
sults) these will be used to confirm expression at the protein level. Our initial thionin expres-
sion vector utilized the HTH-1 cDNA clone. All constructs were inserted into pAHC25 be-
hind the Ubi promoter, after removing the GUS sequence. The 3' UTR of the HTH-1 se-
guence was removed and joined with the NOS termination sequence. Because of our
success with HTH-2 in the pET system, we inserted it into the pAHC25 vector. HTH se-
guences were detected by PCR. RT-PCR was used to determine whether HTH genes were
transcribed in transformants.

In order to understand the requirements for targeting HTH to the intracellular space and/or to
the secretion pathway, three constructs were inserted into pAHC25, behind the HTH signal
sequence. Construct 1 diverts targeting from the vacuole by inserting a synthesized KDEL
ER retention signal (reviewed in Gomord and Faye, 1996) between the N-terminal signal
peptide (SP) and GUS. Construct 2 contains the SP and mature protein followed by GUS.
Without the AP, the HTH-GUS fusion may be directed to the intracellular space. Construct 3
contains the SP alone, followed only by the GUS sequence. The vectors were bombarded
into etiolated coleoptiles. After 48 h, coleoptiles were stained for GUS activity or analyzed
for secreted GUS activity (MUG assay), relative to intracellular MDH.

Route of Fusarium invasion

A strain of F£g. transformed with gfp was produced by Tom Hohn (Novartis, NC (formerly at
USDA, Peoria, IL)). The hyphae display a green fluorescence under short-wave blue light
(Skadsen et al., 1998; Bushnell et al., 1999). We explored several methods for visualizing
the initial penetration events. Paraformaldehyde fixation and cryostat sectioning were found
to be ineffective. Lemmas are infected for 6 h and then peeled into fine tissue strips, preserv-
ing conidiospore attachments. These were viewed by confocal microscopy (Keck Neural
Imaging Center, Univ. of Wisconsin), but excessive “flare” prevented viewing at the epider-
mis. We are now experimenting with the use of tissue strips set into enclosed deep well
slide chambers.

RESULTS AND DISCUSSION

A previously unknown gene, D5, has been cloned and found to be expressed only in the
lemma/palea and embryo (Sathish et al.,1999). The promoter was used to drive the expres-
sion of a gfp reporter gene in a D5/gfp construct. In transient assays, expression was found
in lemmas and not in leaves (Sathish, et al., 2000). As an internal control, the Ubi/GUS
vector was simultaneously bombarded. GUS was expressed well in both leaves and lem-
mas. Several other lemma/palea- and pericarp-specific genes have been cloned. We have
successfully transformed Golden Promise with HTH-1 and have so far found five
transformants that produce HTH-1 mRNA in seedling leaves, on northern blots. However, in
RT-PCR analyses, only one produced appreciable levels of HTH-1 mRNA. We have re-
cently bombarded embryos with HTH-2 and have several regenerating transformants.
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Subcellular targeting constructs were tested by transient expression assays. Although weak, all
secreted GUS activity (MUG assay) into the apples, whereas no MDH activity was secreted (cell
leakage control). The unaltered GUS control did not secrete, and had only localized GUS stain-
ing spots. In all of the non-control bombardments, the entire coleoptile turned blue after GUS
staining. We are now trying to determine whether artifacts could have caused these results.

HTH antibodies were tested on western blots of developing seed proteins and purified HTH
protein. They did not cross-react with purified (45 amino acid) HTH mature protein, although
they did react with two seed proteins of the proper size to represent the unprocessed HTH and
the AP. Two new constructs will be made to obtain a sequence that will react with mature HTH.
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ABSTRACT

In bread wheat, Simple Sequence Repeats (SSRs) or microsatellite markers provide a
higher incidence of polymorphism than other marker types such as RFLP and RAPD. SSR
markers are usually developed by the following process: genomic DNA is digested with
different restriction enzymes; size selected fragments are (400-700 basepairs) are ligated
into a vector and used to transform E. coli, the clones are transferred to membranes and
screened with different SSR-containing probes; clones that putatively contain an SSR are
then sequenced and PCR primers are designed to the flanking regions of the SSR se-
guence. The construction and screening of this type of library has two notable limitations:
firstly, the screening is time consuming, secondly, because of the low frequency of SSR
containing clones very large numbers of clones must be screened. To overcome these
problems, an elaborate method for [CT/GA]n enrichment of wheat has been used based on
the marker selection method which carried out as follows:

Genomic DNA of Chinese Spring was digested with restriction enzymes Smal, BsrBl, NialV,
Cac8l, and ECI136ll, and size selected on an agarose gel. DNA fragments in the 400 to
750bp range were isolated from the gel. Purified DNA fragments were ligated into the Smal
site of pBluescript. Ligations were propagated in bacterial strain JMG1 which combined
mutations at the dut and ung loci. The presence of these two mutations permits the incorpo-
ration of uracil in place of thymidine in DNA replicated in the strain. The phagemid library
was infected with VCSM13 helper phage, this permits the recovery of this library as single
stranded (ss) DNA with uracil frequently substituted for thymidine. Primer extension was
carried out by using the ssDNA as a template and the 5' phosphorylated [CT],, oligo as a
primer. DNA synthesis, preceded by an optional short annealing step, is performed using
Taq DNA polymerase. The products of this primer extension reaction were treated with T4
DNA ligase and then transformed into an E. coli strain XL2-Blue maintaining wild type
genes at the dut and ung loci. Under these circumstances, the uracil substituted ssDNA will
be restricted from growing by the host encoded uracil-N-glycosylase (the product of the ung
locus), while the primer extended products are capable of replicating. Libraries were plated
at a density of 100-200 clones per Petri plate. Random clones from both primary and
marker-selected libraries were picked and cultured in a 96 well plate with LB liquid medium,
after transferring to the membranes, the clones were hybridized with a [CT] . probe la-
belled with 32P.

A total of 366 [CT]n containing clones were observed out of 2592 marker-selected clones.
Compared with the reported frequency of 0.1% to 0.2% for [CT]n, the library enrichment for
[CT]n is about 70 to 140 fold. Eighty-three positive clones were randomly selected and
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sequenced. The mean repeat length of [CT]n is 14. The clones with prefect repeats =10
were 64% of the total. After being assembled on the AutoAssembler, only two clones were
found to have identical sequences, the remaining clones were unique. Further screening for
other motifs is in progress.
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ABSTRACT
Physical mapping of BARC and BARCM primers:

Microsatellite markers, also referred as simple sequence repeat (SSR) markers, are very
efficient marker system for molecular breeding. We are broadening wheat genetic marker
system by identification and physical mapping of new microsatellites.

We have determined the chromosome location of 141 microsatellite markers amplified by 70
BARC and 71 BARCM primer pairs designed in the laboratory of Dr. Perry Cregan (USDA/
ARS, Beltsvilles, MD) using nulli-tetrasomic lines of Chinese Spring. Polymorphism was
screened among five wheat cultivars or lines, such as CS, Opata85, Synthetic wheat W-
7984 (parents of ITMI mapping population) WL711 and HD29 (parents of Karnal bunt map-
ping population). All BARC primer pairs were polymorphic between Opata85, and synthetic
wheat W-7984, whereas all BARCM primer pairs produced monomorphism. Fifteen percent
(11/70) of BARC and three percent (2/71) BARCM primers detected polymorphism between
wheat lines WL711 and HD29. It was possible to assign 75 loci with 57 BARC and BARCM
primer sets on wheat chromosomes (Table 1). A maximum number of loci (7) was mapped
on chromosomes 5B and 7D. Six loci were placed on each of chromosomes 6B, 6D, and 7A.
No markers mapped on chromosomes 1D and 4B. Sixty-eight percent of BARC and 20
percent BARCM primers were mapped on individual wheat chromosomes.

Development of new microsatellite markers using the EST database:

Rapid growth of wheat EST database provides A new resource for development of new
microsatellite markers. We searched the database at Microsoft interface for di-and tri-nucle-
otide repeat motifs {(AC)n, (AG)n, (AT)n, (CG)n, (CT)n, (GT)n, (AAC)n, (AAG)n, (AAT)n,
(ACC)n,(ACG)n,(ACT)n, (AGC)n,(AGG)N,(AGT)n,(ATT)n,(CCG)n,(CCT)n,(CGG)n,(CGT)n,
(CTG)N,(CTT)n,(GGT)n, and(GTT)n}. One hundred and ten putative microsatellites were
identified from 15,000 ESTs. One hundred pairs of primers were designed manually.

Out of 100 primers tested on wheat lines HD29 and WL711, 74 percent amplified a PCR
product and six percent were polymorphic between these two lines. WL711 and HD29 are
highly susceptible and resistant wheats to Karnal bunt pathogen respectively. Twenty-two of
these primer sets were tested on nulli-tetrasomic lines of CS and twelve were mapped to
individual wheat chromosomes.
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Wheat EST database is expected to grow to 100,000 or more. We anticipate designing and
testing a total 600 primer sets. Based on preliminary results, we expect 70 percent of the
primers will amplify PCR products for grand total of 420. Based on our preliminary physical
mapping data, at least 50 percent of these new markers should map as distinct loci on
individual wheat chromosomes. Therefore, we expect to develop 200 new microsatellite
markers from the EST database. Identifying microsatellite markers from the EST database is
less time consuming and more cost effective than other methods of isolating microsatellite
markers.

All the microsatellite markers developed in our laboratory along with those developed from
the lab. of Dr. P. Cregan will be physically mapped using CS nullitetra lines, di-telosomic
and deletion lines.

Acknowledgement: This research was supported by a grant from the Wheat Scab Initiative
to Drs. Perry Cregan, Rick Ward and B. S. Gill.
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Table 1. Physical mapping of BARC/BARCM microsatellite markers on wheat chromo-

somes using Chinese Spring nulli-tetrasomic set.

Chr omo*
some

A

BARCA48,
BARC17,

BARCOS8,
BARC51,

BARC57,
BARC12,

BARC78,

BARCA40,

BARC90

BARC7O0,
BARC29,
BARCMO4,

BARC83
BARCM4 8

BARC50
BARCA48

BARC19,
BARCA45

BARC52

RARCM3 2

BARCA49
BARCM25

BARCM3 4

B D
BARC61, BARCS80 -

BARC88
BARC55, BARC13 BARC54, BARCO08
BARC16, BARC28
BARC18, BARCMc4
BARC77, BARC68, BARC77,
BARC73, BARC84, BARCA4 2,
BARCMW4 4 BARC71
- BARC69
BARC59, BARC69 BARC44
BARCO4, BARC16
BARC58, BARCMLS,
BARCM3 2
BARC24, BARCM26 BARCOS5,
BARCMO6, BARC67 BARC54,
BARC67, BARC25,
BARCMOG6, BARCM3O,
BARCMG67, BARC21,
BARCM31, BARCG6 2
BARCM6 8

BARC32, BARC90

BARCO9, BARC70

BARC29, BARCM26 BARC26, BARCOG6
BARC52, BARC76
BARCM2 4

BARCMG6 7

* Note sonme SSR anplified products on nore than one

chronmosome. For

exanpl e BARC48 anplified products on

chromposome 1A and 2A. BARCO8 on chromosomes of 1A and 1D
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OBJECTIVES

To design user-friendly PCR markers for scab resistance genes, using AFLP markers and
sequences from genes encoding antifungal thaumatin-like proteins.

INTRODUCTION

Breeding for scab resistance currently relies mainly on phenotypic assessments of infection
symptoms. Given the inherent difficulties in field-based screening, user-friendly molecular
markers associated with scab resistance genes would facilitate selection. Polymerase chain
reaction (PCR) based markers such as sequence-tagged sites (STSs) and single nucle-
otide polymorphisms (SNPs) have been applied in a number of analyses (Inoue et al. 1994,
Wang et al. 1998). These allele-specific PCR markers are usually designed from previously
mapped low-copy DNA markers, or built directly from sequences of known genes. Se-
guences of disease resistance genes of several plant species share structural motifs. These
conserved domains can be used to isolate similar resistance genes from a given genome
with degenerate primers (Shen et al. 1998). In previous work, AFLP markers linked to three
QTL for scab resistance were identified (Bai et al. 1999). The aim of the present study was:
(1) to convert the AFLP markers into STSs and SNPs, and (2) to design additional allele-
specific PCR markers for scab resistance based on sequences of genes having similarity to
antifungal thaumatin-like protein genes (Vigers et al. 1992; Chen et al. 1999).

MATERIALS AND METHODS

The mapping population consisted of 133 F  recombinant inbred lines (RILS) derived from
‘Ning 7840'/Clark. ‘Ning 7840’ has strong typé& Il resistance and Clark is very susceptible to
scab spread within the spike. Disease screening methods, phenotypic data, and AFLP
protocol have been described (Bai et al. 1999). AFLP fragments were recovered from poly-
acrylamide gels, amplified, gel purified, cloned, and sequenced. All the fragments were
hybridized by Southern blotting on parental genomic DNA digested by EcoRlI, Hindlll, and
Haelll to select low-copy sequences. Antifungal genes were isolated from ‘Ning 7840’ and
Clark using degenerate primers based on amino acid motifs conserved among several
thaumatin-like protein genes. All the degenerate primers contained deoxyinosine at the
redundant third position of codons, and full nucleotide redundancy was used at the 3’ ter-
mini. SNPs were designed on point mutations within sequences. The STSs and SNPs were
integrated into an established AFLP map (Bai et al. 1999) using Mapmaker 3.0 (Lander et al.
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1987) for linkage mapping, and Qgene 3.04 (Nelson, 1997) for interval analysis and regres-
sion.

RESULTS AND DISCUSSION

A total of 9 AFLP fragments linked to scab resistance were isolated from polyacrylamide
gels. These fragments included 7 markers located around a major QTL, and 2 markers
linked to two minor QTL (one marker per QTL). Together the three QTL explained up to 60%
of the genotypic variation of scab resistance (Bai et al. 1999). Southern blotting revealed that
6 out of 9 fragments were low-copy AFLP clones. As expected, the sequence of each clone
was flanked by the corresponding EcoRI and Msel primer sequences. Based on the se-
guences of the AFLP markers, two types of allele-specific primers were designed. The first
type was internal to the AFLP selective primers. In the second type, at least one of the direct
and reverse primers included the AFLP selective primer sites. The internal primers did not
give any allele-specific amplification. Instead, primers designed on the original restriction
sites identified five STSs reproducing the original polymorphisms. A sixth STS amplified a
fragment of the expected size in both ‘Ning 7840’ and Clark. These fragments revealed a
single base change at position 91 (a thymine in Ning 7840 replaced a cytosine in Clark).
The point mutation was used to design a SNP designated SNPmaj for its location in the
major QTL region. Interval analysis showed that two allele-specific markers STSmaj and
SNPmaj mapped to linkage group LG1 spanning 81.2 cM, with maximum LOD score value
of 21.84 (Figure 1A). STSmaj and SNPmaj were designed from the sequences of the AFLP
markers GCTG/CGAC1 and AAC/CGACS3, respectively. These AFLPs were linked to a
major QTL for type Il resistance (Bai et al. 1999). The allele-specific markers mapped 4.8 cM
and 2.9 cM away from their respective AFLP markers (Figure 1B). Another allele-specific
marker, STSmin derived from the AFLP marker CTCG/CTC4, mapped in the linkage group
LG2 covering 73.6 cM (data not shown).

A number of thaumatin-like protein genes were isolated from ‘Ning 7840’ and Clark. Align-
ment of sequences identified 15 point mutations (insertions and substitutions). The allele-
specific marker SNPtha, linked to the minor QTL in linkage group LG2 was derived from a
633 bp insert containing a segment of a thaumatin-like protein. The R? and P values of the
four allele-specific PCR markers for area under disease progression curve (AUDPC) and
percentage of scabbed spikelets (PSS) at 21 days after infection in F,  RILs are given in
Table 1. STSmaj and SNPmaj located in the major QTL region explained individually 35 to
36% of the phenotypic variation of scab infection. The effects of allele substitution at
STSmaj and SNPmaj are significant (0.01 to 0.001 level probability) on both AUDPC and
PPS in four generations (F, F,, F,, and F_ ). The minor QTL marked by STSmin and SNPtha
on linkage group LG2 has marginal effects on scab resistance (Table 1), with LOD score
value less than 3.0.

The markers STSmaj and SNPmaj can be individually multiplexed with STSmin in 25 PCR
cycles. Reagent concentrations are the same for all markers, but SNPtha has a different
annealing temperature. These four PCR markers should prove useful in selection for scab
resistance. They will be validated in different crosses. Several other antifungal genes are
being analyzed for mapping in the major QTL region.
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Table 1. R? and P values of area under disease progression curve (AUDPC) and per-
centage of scabbed spikelets (PSS) at 21 days after infection for F, generation of RILs.

Marker Marker source Alldle AUDPC PSS
source
R P R P
STSmg AFLP(GCTG/CGAC1) Clark 35 0 36.6 0
SNPmg AFLP(AAC/CGAC3) Ning 35.1 0 35.2 0
STSmin AFLP(CTCG/CTC4) Ning 2.1 0.0996 2.6 0.019
SNPtha Thaumatin-like protein Clark 4.6 0.0135 4.2 0.063
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Figure 1. Interval analysis (A) and map of linkage groupl (B) carrying a major QTL for
scab resistancein ‘Ning 7840’/Clark recombinant inbred lines.The allele-specific mark-
ers SNPmaj and STSmaj are in bold.
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ABSTRACT

The unsuccessful search for potent scab resistance in elite U.S. wheat germplasm dictates
that any new, potent resistance genes will be found in unadapted parents. Likewise, the
limited number of lines amenable to transgenosis dictates that useful transgenes will also
be initially available to breeders only in unadapted transgenic lines. Conventional breeding
approaches for introgressing genes from unadapted parents generally requires several
‘cycles’ of backcrossing or modified backcrossing to dilute the frequency of undesirable
donor alleles. The result is a large and costly gap between the resistance levels available
to scientists, and those actually in use by growers.

Marker assisted selection is an effective means of rapid and directed elimination of un-
wanted donor alleles, or ‘background selection’ (Bernacchi et al., 1998a; Bernacchi et al.,
1998b; Xiao et al., 1998). For this application, a marker system must exhibit high levels of
polymorphism at loci evenly distributed throughout the genome. Co-dominant inheritance
and multi-allelism are also desirable since heterozygotes are not masked and polymor-
phism is maximized. Finally, genetic analysis should require small amounts of DNA and
must be amenable to automation to permit high-throughput genotyping. Microsatellite or
simple sequence repeat (SSR) markers meet these requirements. SSR polymorphism is
based on differences in the number of simple sequence repeats at loci defined by locus-
specific PCR primers flanking the SSR sequence (Weber and May, 1989). Evidence in
wheat indicates that SSR loci are abundant and well distributed, and the primer sequences
for approximately 455 SSRs are now available including about 315 from the literature
(Bryan et al., 1997; Donini et al., 1998; Korzun et al., 1999; Roder et al., 1998a; Roder et al.,
1998b and others) and 141 from this project. This number of loci is inadequate to provide
the genome coverage needed to optimize QTL discovery in wheat which has an estimated
genome length of 3403 centiMorgans (cM) (calculated from the ITMI map on GrainGenes).
This is true because it is unlikely that more than one-third of these 455 loci would be poly-
morphic in a given bi-parental cross. Thus, the average distance between loci would be
3403 cM / 152 loci = 22.4 cM between loci. Because marker loci are unlikely to be evenly
distributed in the genome, many gaps of much greater than 22.4 cM would be anticipated.
In soybean, with a genome length of about 2600 cM, a recent Genomics Whitepaper (http://
129.186.26.94/Genomics/Soybean_Genomics.html) indicated the need to develop and map
1000 SSR loci in addition to the 1000 already available.
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For full functionality, SSR loci should be annotated with three types of information: 1) primer
sequences, 2) map position at several levels of resolution, and 3) the allelic status of rel-
evant hexaploid and durum wheat accessions (i.e., primary sources of resistance, elite
adapted breeding parents, and selected progeny). The last two types information are re-
quired for practical implementation to integrate markers into practical programs of QTL
discovery and manipulation and background selection. The marker genotype data for
selected progeny become part of the overall annotation database. These data help breed-
ers avoid unnecessary marker assays with subsequent generations of background selec-
tion.

The USWBSI is funding a large scale effort to increase the number of SSR loci available in
wheat and to initiate the mapping and allele databases. This poster describes the meiotic
mapping underway at Michigan State University and our vision of how this combined project
can acclerate deployment of scab resistance genes.
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ABSTRACT

Fusarium head blight (FHB) of wheat caused by Fusarium graminearum has resulted in
serious economic losses due to reductions in yield and quality. Increasing the expression of
antifungal protein (AFP) genes in wheat via genetic engineering is a promising approach for
enhancing FHB resistance as well as resistance to other fungal diseases. Our objectives
were to develop germplasm sources of transgenic wheat overexpressing the following AFP
genes: wheat a-thionin, barley ribosome inactivating protein (RIP), barley PR-5 (thaumatin-
like protein), and barley class-Il 3-1,3-glucanase. Embryogenic calli of the spring wheat
cultivar ‘Bobwhite’ were cotransformed via particle bombardment with one of the AFP genes
and the plasmid pAHC25. PAHC25 carries the bar gene for selection on the herbicide
bialophos and the reporter gene uidA for visual scoring of 3-glucoronidase (GUS) activity.
For each AFP gene, between 700 and 1400 immature embryos were bombarded. Calli
were selected and plants were regenerated on 5 mg/l bialophos for a minimum of 12 weeks.
Between 80-300 plants were regenerated for each AFP gene. RT-PCR was performed on
RNA isolated from T, and T, leaves and plants were found to express the wheat a-thionin,
barley RIP, PR-5 and 3-1,3-glucanase AFP transgenes. Preliminary FHB disease severity
data will be reported for a-thionin, barley RIP and 3-1,3-glucanase.
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ABSTRACT

One of big obstacles in fighting FHB epidemics is that little is known about the nature of
FHB resistance, particularly at molecular level. Our research aims at addressing this prob-
lem and getting insight into the molecular mechanism of F. graminearum-wheat interaction.
Our current objectives were to identify, clone, sequence and analyze ESTs related to FHB
resistance by comparing the EST profiles of resistant and susceptible cultivars. Sumai 3
(resistant) and Wheaton (susceptible) were employed in this research. When the first anther
spring out, a single middle floret of the spikes was inoculated with 20 ml of Fg4 isolate (70,
000 spores/ml) or water (as control). The treated plants were immediately transferred into
mist chambers and cultured for 24 hours (for the treatments more than 24 hours). The inocu-
lated spikelet and the other four spikelets immediately next to it were sampled 0, 2, 4, 8, 16,
32 and 64 hours after inoculation. The total RNA extraction was conducted using Tri reagent
(Molecular Research Center Inc., Cincinnati, Ohio) according to the procedure provided by
the manufacture. The RNAimage kit (GenHunter Corporation, Nashville, TN) was used for
obtaining the EST profiles. The whole procedure provided with the kit was followed except
that we used designed primers instead of random primers. The primers were designed
according to the highly conserved “LRR” domain in the products of all known cloned resis-
tance genes (the only exception is Pto gene). A total of 144 primer combinations were
tested. Several gene expression patterns were observed: 1) constitutively expressed in
Sumai 3; 2) constitutively expressed in Wheaton; 3) induced expression in F.graminerum-
inoculated Sumai 3 and Wheaton only; 4) induced expression in F. graminerum-inoculated
Wheaton only; and 5) induced expression in F. graminerum-inoculated Sumai 3 only. ESTs
of the last category are most likely related to FHB resistant genes. Three such ESTSs,
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EST12G, EST15AU and EST15AD, were cloned with PCR-Trap cloning kit (GenHunter
Corporation, Nashville, TN) and sequenced using ABI automatic sequencer. A sequence
similarity-search of GeneBank data base revealed that EST15AU is 94% similar to part of a
wheat mMRNA for polypeptide elogation factor 1 beta’; EST15AD has three homologous
regions (with 86% identity) with an EST sequence from a pathogen induced sorghum bi-
color cDNA; EST12G is almost identical (with 99% identity) to a part of minus strand of a
wheat gene for chloroplast ATP synthase CF-O subunit I and Ill. Confirmation of the accu-
rate relationship of these three ESTs with FHB resistance by genetic analysis is on the way.
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OBJECTIVE

To develop a fast (less than 3-day) pretest protocol for antifungal protein gene constructs
used in biolistic transformation of whole plants.

INTRODUCTION

A microassay protocol is under development for rapidly testing eukaryotic antifungal protein
(AFPs) expression constructs of potential value in genetic engineering of cereals for resis-
tance to Fusarium headblight. An approach using plant cell suspension culture and green
fluorescent protein transformed Fusarium graminearum was selected. This made it possible
to test quickly biolistic AFP constructs for their ability to stop hyphae of F. graminearum from
attacking AFP-transformed cell clusters.

This rapid protocol can help select promising AFP candidates from the numerous AFPs
available [Datta et al., 1999; Shewry and Lucas 1997]. By pretesting AFPs it may be pos-
sible to speed development of Fusarium headblight resistant wheat and barley. Currently it
is very expensive and time-consuming to screen AFPs using whole-plant transformation
and adult plant disease testing [Bushnell et al. 1998; Chen et al., 1999; Smith et al., 2000;
Van de Mortel et al., 1999]. This microassay protocol offers the advantage of eukaryotic cells
in which biolistic constructs can be used. It also means that we avoid extra cloning needed
for bacterial expression systems, which themselves may not properly process eukaryotic
proteins. With experience the microassay protocol can be used to test large numbers of
potential AFP genes in commonly used biolistic constructs.

METHODS

The protocol is based on use of a hand-held biolistic gene gun and Black Mexican Sweet
Corn suspension culture cells (BMS). These were transferred to cellulose filters and placed
on MS solid media [Murashige and Skoog, 1962] in Petri plates, for ease of manipulation.
BMS cells were co-transformed using microprojectile bombardment. A visual marker gene
set construct for upregulating anthocyanin, and one or more AFP expression constructs
were used in each experiment. A Helios (BIORAD) biolistic gene gun at 140 - 160 Ibs./sg. in
He, pressure delivered the plasmid constucts to the BMS cells. One-micron diameter gold
particles coated with plasmid DNA (4 ug DNA/mg gold, 1.0 ug DNA per shot) was used as
the gene carrier, other variables were as described in the BIORAD Helios handgun protocol.

After 24 hours, the AFP-anthocyanin co-transformed cells were inoculated with a F.
graminearum isolate previously transformed with an Aequorea victoria green fluorescent
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protein (GFP) reporter gene construct by Thomas Hohn - USDA, Peoria. Inoculation was
done with macroconidia placed centrally on the BMS cell filter. Thirty hours later, BMS cell
filters were examined microscopically for co-transformed cells (seen as brown or red cells or
cell clumps) and for GFP fungal hyphae. Interaction sites were viewed with epifluorscent UV
and near-blue illumination using an Aus Jena light microscope with appropriate filters and a
dichroic mirror that allowed wavelengths above 510 nm to be seen. At the edge of small
fungal colonies, where individual hyphae were distinguishable, transformed BMS cells were
scored for fungal hyphal contact or fungal hyphal avoidance. Singly transformed BMS cell
filters (anthocyanin upregulated only) were inoculated and data from were used as the
control to which all other data was compared.

AFP plasmids tested contained the Sugar cane Badna Virus (ScBV) or maize ubiquitin
promoters followed by a maize alcohol dehydrogenase intron or a maize ubiquitin 1 intron,
the particular AFP coding sequence and the Agrobacterium NOS terminator. The antifungal
protein genes tested were:

B pBScBV Rchit- ricechitinasetransgene[Zhu and Lamb, 1991]

B pBScBV TLP1- oat thaumatinlikeprotein cDNA [Linet al., 1996]

B pBScBV Barchit- barley chitinasecDNA [Leah et al., 1991]

B pBScBV Barglu- barley glucanase cDNA [Leahetal., 1991]

B pBScBv ArabPR5- ArabidopsisPR5 cDNA [Ukneset al., 1992]

B pUBK Tri101-Trichothecene 3-0-acetyltransferase cDNA [Kimuraet al.,1998]

B pAHCWIR 2- whesat thaumatin-like protein cDNA [Rebmanet al., 1991}
The anthocyanin visual marker (pPHI687) plasmid (Bowen, 1992) contained pairs of tan-
dem Cauliflower Mosaic Virus 35S promoters and the maize alcohol dehydrogenase intron |
to drive mRNA expression of transcription factors C and R which up-regulate expression of

enzymes in the BMS cell anthocyanin pathway [Grotewold et al., 1994].

To check for AFP transcription, primers were made for each AFP and RT PCR was done on
extracts from BMS cells, removed from individual filters 30 h after transformation.

RESULTS AND DISCUSSION

RT PCR results revealed that AFP mRNAs were transcribed in BMS cells transformed with
single and/or multiple expression vectors. From previous work we estimated an 80% or
better co-transformation rate for our AFP constructs and the anthocyanin marker construct.

Five cellulose filters, containing BMS cells, were used for each gene construct in each
individual experiment. Experiments with single or multiple AFP containing biolistic con-
structs were repeated a minimum of two or three times. BMS cell filters singly transformed
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with the construct that upregulated anthocyanin were used as controls. Data from each
experiment, with its appropriate anthocyanin control, were pooled and statistically analyzed
and shown in Table 1.

Table 1. Pooled data from experiments with single or multiple AFP-containing biolistic
constructs. All experiments were repeated a minimum of two or three times. Data from
each experiment were pooled and analyzed. * = A significant different from Anthocya-
nin control at P<0.05, using student’s t test.

Antifungal Proteins |Number of Fungal Per cent Hyphal
Tested Encounter Sites Contact
Anthocyanin Control 867 70
Arabidopsis PR5 694 55%
Tri 101 739 50*
Wheat WIR 2 877 50*
Anthocyanin Control 280 60
Barley Chitinase 368 57
Barley Glucanase 380 51
Barley Chit/Gluc 315 55
Anthocyanin Control 631 59
Oat Tlpl 553 51
Anthocyanin Control 458 55
Rice Chit/TIpl

Barley Chit/Gluc 593 S0
Anthocyanin Control 469 61
Rice Chitinase 425 61
Rice Chit/Tlpl 445 62

Results from this microassay protocol show that F. graminearum contact was repelled by the
antifungal proteins Arabidopsis PR5, Fusarium Tri 101 and wheat WIR 2. However the
barley chitinase, barley glucanase, rice chitinase and oat Tlpl AFPs were ineffective in
repelling F graminearum contact. Also, combinations of chitinase/glucanase or chitinase/Tlp
1 were ineffective.

The BMS cell transient assay of AFP efficacy has potential as a rapid means of evaluating
AFPs for later use in whole plant transformation. It also could be used with other non-
biotrophic fungal pathogens of wheat and barley to test the efficacy of various AFP candi-
dates. At present we have no strong positive control AFP, like that used by Mitra et al. [2000]
with which to compare candidate AFPs and to optimize our microassay protocol.
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ABSTRACT

Wheat scab, mainly caused by Fusarium graminearum, is an important disease of wheat
worldwide. Resistance genes from Sumai 3 and its derivatives Ning 7840 have been well
characterized through molecular mapping approach. However, resistance genes in
Wangshuibai are still a puzzle to be solved. To characterize the scab resistance genes in
Wangshuibai, an amplified fragment length polymorphism (AFLP) linkage map was con-
structed with 104 F7 recombinant inbred lines (RILS) derived from the cross between resis-
tant cultivar Wangshuibai and susceptible cultivar Alondra. For AFLP, DNA was digested
with EcoRI and Msel restriction enzyme and corresponding primers were used for AFLP
analysis. EcoR | primers were labeled with 33P-?ATP and PCR-products were separated in
a 5% polyacrymide gel. Total 207 AFLP primer pairs were screened for two parents, and 167
of them (80.7%) amplified scorable DNA fragments. In an average, each primer pair ampli-
fied about 8 polymorphic fragments between parents, indicating a relatively high level of
polymorphism between the parents. A total of 32 informative primer pairs amplified about
410 bands segregating in the F7 RILs. About 250 markers have been mapped in 23 linkage
groups covering a genetic distance of 2430 cM. The map will be further saturated with Psti-
AFLP and SSR markers and used to locate the QTL for scab resistance in cultivar
Wangshuibai. This is first effort to map scab resistance genes from Wangshuibai, another
important sources of scab resistance from China.
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OBJECTIVES

To identify SSR markers for a major scab resistance QTL mapped by AFLP markers in the
previous study (Bai et al., 1999), and to locate the QTL to a specific sub-arm region of the
chromosome.

INTRODUCTION

Molecular marker technologies provide an accurate approach to manipulation of
guantitative traits such as scab resistance. Random amplified polymorphic DNAs (RAPDS),
restriction fragment length polymorphisms (RFLPs), and amplified fragment length
polymorphisms (AFLPs) have been used to map scab resistance genes (Bai, 1995; Bai et
al., 1999; Waldron et al., 1999). Using RAPD markers with F_-derived recombinant inbred
lines (RIL), developed by single seed descent from Ning 7840 (resistant) and Clark
(susceptible), Bai found two QTL controlling scab resistance on two linkage groups. The two
QTL explained 18% and 6.1% of the total phenotypic variations respectively (Bai 1995). Four
years later, Bai et al. (1999) screened 133 F, RILs derived from the same population with
AFLP markers. One major QTL for scab resistance was identified, which explained almost
60% of the genetic variation for Type Il scab resistance (Bai et al., 1999); however, the
chromosomal location of this QTL was not determined.

MATERIALS AND METHODS

Plant Materials: Chinese Spring and derived aneuploid lines were used for physical
mapping of SSR markers associated with scab resistance QTL. Thirty-five nullitetrasomic
lines (missing lines were Nulli (N) 2A Tetra (T) 2B, N2AT2D, N4BT4D, N4BT4A, N4ADT4A,
N5BT5A, and N6BT6D); thirty-two ditelosomic lines (missing 2AL, 4AS, 5AS, 2BS, 4BL,
5BS, 3DS, 3DL, 5DS,and 7DS); and eight deletion lines for chromosome 3BS were kindly
provided by Dr. John Raupp at the Wheat Genetics Resource Center, Kansas State
University.

The mapping population was a set of 133 F,:,, RILs from the cross of Ning 7840 with Clark
developed by Bai et al. (1999). The phenotypic data for scab resistance and inoculation
method were described in detail by Bai et al. (1999). DNA isolation was performed with the
modified SDS method.
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SSR analysis

SSR primers were synthesized by Life Technologies Inc. according to sequence information
published by R'der et al. (1998).

Mapping and data analysis

The computer program MAPMAKER (Lander et al., 1987), V3.0 for the MaclIntosh, was used
to calculate linkage distances and integrate SSR and AFLP marker data. Algorithms used a
Kosambi mapping function (Kosambi, 1944) with a LOD of 3.0. Interval analysis was per-
formed by using Qgene software (Nelson, 1997).

Physical mapping of SSR markers: Nullitetrasomic and ditelosomic lines were used to
determine the chromosome and arm location of polymorphic bands by scoring the presence
or absence of specific amplified SSRs. Deletion lines related to 3BS were used to further
assign the sub-arm location of mapped SSR markers after the major QTL was located on
chromosome 3B.

RESULTS AND DISCUSSION
Screening and mapping of polymorphic SSR markers between Ning 7840 and Clark:

n total, ninety-three SSRs were mapped, and thirty-four were polymorphic between Ning
7840 and Clark. When the mapping data were analyzed together with the AFLP mapping
data from the same mapping population, we found that Xgwm 389, a marker on 3BS, was
linked to the AFLP markers tightly associated with the major QTL. All other SSRs on 3B
were then analyzed. Two SSRs on 3BS, Xgwm533, and Xgwm493, and one SSR,
Xgwma340, on 3BL were polymorphic between Ning 7840 and Clark. Xgwm389, Xgwm533,
and Xgwm493 mapped in same linkage group. Anderson et al. (1999) also found that
Xgwmb33 was associated with a QTL for scab resistance in their Sumai 3/ Stoa population.

Based on LOD scores, the linkage order of the three markers was determined to be
Xgwma389-Xgwmb533-Xgwm493, and the linkage distances between these markers were
5.3 cM and 4.8 cM, respectively. The three SSR markers were not polymorphic between
Sumai 3 and Ning 7840. Xgwm340 was not associated with scab resistance in this popula-
tion and was not analyzed further.

The major scab resistance QTL on 3BS:

Based on scab resistance evaluation data in F, F, F_, and F, generations, Xgwm533,
Xgwma389, and Xgwm493 were associated with scab resistance. The allelic substitution
effect ranged from 25% to 43% for PSS (percentage of scabbed spikelets) and from 2.53 to
4.72 for AUDPC (area under disease progress curve). In all four generations, Xgwm533
provided the greatest differences between groups of resistant and susceptible lines. All
three SSR markers showed relatively high R? values when scab data from the four genera-
tions were analyzed. The phenotypic data were collected in the greenhouse using needle
inoculation, therefore, the three SSR markers were associated with Type Il scab resistance.
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In the F,,, Xgwm389, Xgwm533, and Xgwm493 explained 36%, 44%, and 34% of the phe-
notypic variation for scab resistance, respectively. Marker Xgwm533 was associated more
closely with the scab resistance QTL than the other two markers.

Physical sub-arm mapping of the major scab resistance QTL on 3BS

The three markers were analyzed on 8 Chinese Spring deletion lines, 3BS-1, 2, 3,4, 5, 7, 8,
and 9. Based on presence or absence of each SSR marker on these deletion lines, the sub-
arm physical location can be identified for these SSR markers. Xgwm389 amplified the
same size band in Chinese Spring, 3BS ditelosomic line, Ning 7840, and Sumai 3, but this
band was not detected in any of the eight deletion lines or the 3BL ditelosomic line. There-
fore, Xgwm389 is located distal to breakpoint 3BS-3 (Figure 1). For SSR Xgwm533, only
one band was detected in Chinese Spring and its’ 3BS ditelosomic line. This band is the
same size as the polymorphic band between Ning 7840 and Clark. This band was found
only in deletion line 3BS-3, and it was not found in other deletion lines of 3BS. The polymor-
phic band between Ning 7840 and Clark amplified by Xgwm493 also was detected only in
the 3BS-3 deletion line. According to these results, Xgwm533 and Xgwm493 are located
between breakpoint-3 and breakpoint-8. The physical mapping of the three markers con-
firmed that the map order of the three markers is Xgwm389, Xgwm533, and Xgwm493.

The SSR markers were integrated into the AFLP linkage group including the major scab
resistance QTL reported previously (Bai et al, 1999) (Figure 1). Relative positions of the
three SSR markers were used to determine the orientation of the linkage map. In single-
factor analysis of the F,;, AUDPC data, AFLP markers GCTG/CGAC1 and ACT/TGC7
explained 49% and 48% of the phenotypic variation, respectively (Bai et al., 1999). These
two markers flanked the peak region of the major QTL for scab resistance. In the integrated
map, these two markers were flanked by Xgwm533 and Xgwm389. Therefore, the major
QTL is also flanked by the two SSR markers. As both Xgwm533 and Xgwm493 were lo-
cated between breakpoints 3BS-8 and 3BS-3, it is clear that the major QTL is located dis-
tally to breakpoint 3BS-8. The fraction length of deletion 3BS-8 is 0.78 (Endo and Gill, 1996).
It is still not clear if the major QTL is located between 3BS-3 and 3BS-8, or distal to 3BS-3.

The two SSR markers, Xgwm389 and Xgwm493, which are flanking a major QTL for scab
resistance, can be used directly for MAS. The linkage distance between these two markers
is 10.1 cM, and Xgwm533 is located almost between them. Xgwm533 is significantly closer
to the QTL than Xgwm493 and Xgwm389. If we suppose that the QTL is located in the
middle of the two markers that are 10 cM apart, the probability of missing the major QTL by
selecting both two markers is 0.25%. These SSRs can be detected by nonradioactive gel
electrophoresis of PCR products. We analyzed each of the SSR markers twice on the map-
ping population. They showed high stability and repeatability. Therefore, these markers are
suitable for large scale screening of breeding populations for scab resistance when poly-
morphism occurs between the parents. We are validating the linkage between the three
SSR markers and the major scab resistance QTL and its genetic effect in different back-
grounds. We are mapping other QTL with SSRs in the same population and developing
other PCR based markers for all these QTL.
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Figurel. Left: An idiogram of chromosome 3BS, arrows label breakpoints of deletion lines
3BS-3, 3BS-8 and centromere. FL means fraction length.

Right: An integrated map for microsatellite markers on chromosome 3BS and AFLP markers
analyzed on the same population of Ning 7840/ Clark; distance unit between markers is cM.
Dotted lines show the physical location of three microsatellite markers. Blocked bar shows
putative region including the major QTL.

Biotechnology
73



2000 National Fusarium Head Blight Forum

SEED TREATMENT WITH BACTERIAL BIOCONTROL AGENTSTO

CONTROL HEAD BLIGHT
BruceH. Bleakley*, Yongme Luo and NicholeBaye

Department of Biology and Microbiology, South Dakota State University, Brookings, SD, 57007
*Corresponding author: PH: (605) 688-5498, E-mail: bruce_bleakley@sdstate.edu

ABSTRACT

Selected Bacillus and Paenibacillus strains isolated from South Dakota wheat foliage and
residue have been shown to antagonize isolates of Fusarium graminearum causing FHB,
as well as antagonizing Pyrenophora tritici-repentis which causes tanspot. Application of
whole live cells of these bacterial biocontrol agents (BCAs) as well as application of con-
centrated ethyl acetate extracts of broth culture supernatants of the bacteria, have previously
been shown to reduce symptoms of FHB and tanspot in greenhouse and field-plot trials.
Another method of using these BCAs would be applying them to wheat seed before plant-
ing. By manipulating the bacteria to remove their walls and ensure their osmotic protection,
cell wall deficient (CWD) forms of the bacteria such as protoplasts and L-forms can be
produced. These CWD bacterial forms have been shown by other researchers to form
putative intracellular associations with the cells of a variety of plants. It would be desirable to
develop seed-treatment methods to reliably establish such associations between wheat
plants and CWD-forms of bacterial BCAs, since it could afford protection against infection
by F. graminearum without need for spray application of bacteria onto mature wheat plants.
Alternatively, seed treatment with wall-bearing cells of bacterial BCAs could result in protec-
tion against FHB. In one greenhouse trial, soaking wheat seeds with wall-bearing cells of
bacterial strain 1BE (Paenibacillus lentimorbus) resulted in 26% less FHB symptoms than
soaking seeds with live protoplasts of the same bacterium. In a greenhouse trial involving
tanspot, however, soaking wheat seeds with live protoplasts of P, lentimorbus 1BE resulted
in 22% less FHB symptoms than soaking seeds with live wall-bearing cells of the same
bacterium. More work is needed to explore the potential of seed treatment with bacterial
BCAs to control FHB.
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INTRODUCTION AND OBJECTIVES

Fusarium head blight (scab) has been a serious concern for wheat producers in South
Dakota for the past several years. Scab and low market prices are the two reasons most
often cited by growers as they decrease the number of acres they plant to wheat. Fungicide
alternatives for disease control are available on special year-to-year labeling options.

The objectives of this study were to evaluate the efficacy of various bacterial strains em-
ployed as biological control agents for their fungicidal properties for the suppression of
Fusarium head blight (scab).

MATERIALS AND METHODS

The bacterial isolates from SDSU screened in this study were selected in laboratory assays
where both live cells and ethyl acetate extracts were shown to antagonize growth of
Fusarium graminearum isolate Fg 4. Isolates from SDSU are classified as strains of Bacillus
or Paenibacillus. Two of these strains were applied to two spring wheat cultivars, Oxen and
Ingot, planted at Brookings, South Dakota. The previous crop was soybean. No Fusarium
inoculum was added to the sites nor was the environment modified with mist irrigation. Six
microbial isolates were tested. Isolate SDSU #1-1BA is a Paenibacillus lentimorbus. All
other strains are putative Bacillus sp. Bacterial treatments were applied and compared to an
untreated control and a chemical control of Folicur (4 fl. 0z./A), plus Induce non-ionic surfac-
tant (NIS) (0.125%). Treatments were replicated four times and applied at Feekes 10.3-10.54
as a 10* CFU/ml suspension of whole bacterial cells in nutrient broth. Ingot typically reaches
anthesis was about two days later than Oxen, but all plots were flowering on early tillers
when treatments were applied. Plots were evaluated for scab and leaf disease 21-28 days
after treatment, about soft dough. Yield, test weight, DON, protein, and FDK measurements
were taken following harvest.

RESULTS AND DISCUSSION

The Brookings environment was particularly dry in 2000. Little scab developed as a result
and significant differences were not observed among most of the variables measured (Table
1). Folicur did reduce scab numerically and leaf disease significantly from the untreated
control. However, at such low levels of scab, it is difficult to interpret these data. Failure to
increase yield was not a reliable measurement in 2000 because of the low levels of
disease. While significant differences were reported among treatments for leaf disease, the
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biological control agents were not significantly different from the untreated. The biological
control agents did not approach the activity of the Folicur standard.

No product significantly reduced FDK below the level observed in the control or increased
protein, yield or test weight significantly higher than the control.

Nonetheless, trends observed for scab incidence and head severity may indicate that the
SDSU isolates have activity in the range of Folicur. Additional testing is needed to
substantiate this possible difference. These isolates are scheduled for field screening in
2001 under mist irrigation. A mist system intended for use in 2000 was not completed in time
due to problems with work completion and the environment in 2000 pushing development of
the crop earlier than in most years.

The levels of scab observed in South Dakota in 2000 were lower than have been observed
for several years.

Table 1. Measurements of disease and yield in HRSW Scab Biocontrol Trial - SDSU
Agronomy Farm, Brookings, SD, 2000.

Treatment EHB Inc.’ FHB Sev.® FHB Ind.® Whole Plot FDK Yield Test Protein
Disease Rating® Weight
% % % % bu/A Ib/bu %

Untreated 2 14.54 0.59 4.13 1 51.76 58.39 13.76
Folicur + NIS 1.25 4.29 0.19 3.31 0.5 52.15 58.54 14.14
SDSU #1- 1BA 0.75 2.63 0.07 4.06 0.75 50.47 58.57 13.79
SDSU #2- 1 BC 15 5.25 0.12 4 0.75 51.51 58.63 13.81
Experimental A 2.25 12.96 0.35 4.19 0.75 51.11 58.49 13.88
Experimental B 2.25 12.38 0.41 4.19 0.88 50.54 58.67 13.64
Experimental C 1 9.75 0.2 4 0.75 49.33 58.61 13.89
Experimental D 0 0 0 4.13 0.88 50.13 57.29 13.71
LSD (0.05) NS NS NS 0.4 NS NS NS NS
® Data represents an average of disease impact on Oxen and Ingot.
P o4 of infected heads, based on a 50 head sample.
© % infection of blighted heads.
) blighted heads x % infection on blighted heads.
° Subjective rating (O=green — 5=necrotic) of tissue necrosis in the plot at evaluation.
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INTRODUCTION

Fusarium graminearum Schw. ( Teleomorph=Gibberella zeae Schw. Petch.) is the Fusarium
species most frequently responsible for scab of wheat and barley in Brazil. This disease,
also known as Fusarium head blight (FHB), is responsible for major losses which vary from
10% (Luz, 1984); to 54% (Picinini & Fernandes, 1994). At present, available and affordable
control measures, such as resistant varieties, cultural practices and foliar fungicides, are
only partially effective.

Only modest levels of resistance have been deployed in cultivars in commercial fields; the
most widely grown cultivars are often most susceptible. Furthermore, the benefit of crop
rotation as a control measure is reduced by the wide host range of the pathogen, especially
on grasses ( Costa Neto, 1976; Luz, 1982). Treatment with foliar fungicides remains the most
important ( Picinini and Fernandes,1994) and recommended ( Reunido da Comisséo Sul-
Brasileira de Pesquisa de Trigo, 2000) tool for reducing scab in Brazil, despite its shortcom-
ings as a control measure. The use of certain effective fungicides has been restricted in
some countries because application at late developmental stages, that is, during heading
and flowering, can result in chemical residues in the harvested grain.

Biological control is an additional strategy that may eventually play an important role in an
integrative approach to scab management of cereals.

RESEARCH IN BIOCONTROL OF FUSARIUM HEAD BLIGHT

The chronology of publications on the biocontrol of FHB from 1988 to 2000 is listed in
Table 1.

Screening of microorganisms to control wheat scab was initiated in Brazil in the 80’s (Luz,
1988). At the beginning, over 300 bacteria and yeasts isolated from wheat were screened in
vitro against F graminearum.This work was followed by that of Perondi et al.
(19904a,1990b,1996) in which microbial strains were tested for their antagonistic action
against the pathogen. Potential antagonists were selected by the funnel method (Luz, 1990)
which compared the effect of individual test oganisms on the radial growth of £
graminearum. Promising isolates were further tested in the greenhouse and in the field for
their ability to control wheat scab. Individual bioprotectants significantly diminished the
severity of the disease under field conditions, raising the yield of wheat between 7 and 31%
when compared to nontreated plants.

The most recent published work, (Luz, 2000) showed that Bacillus megaterium (Embr.9790)
Bacillus subtilis (Embr.9786) and Paenibacillus macerans (Embr.9770) the best isolates
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significantly diminished the disease incidence and severity up to 50% and 67% respectively.
The yield increase varied from 701 Kg to 818 Kg/ha.

Isolates that significantly reduced the percentage of scabby spikelets when tested under
greenhouse conditions, frequently reduced disease in field trials as well, even though they
may have not inhibited growth in the laboratory assays. This suggests that greenhouse
evaluation for biocontrol of scab is more reliable as an early selection method than in vitro
assays in large-scale screening of bioprotectants. However, since greeenhouse screening
requires a substantial investment in equipment and space, in vitro assays are likely to
continue to be used as an initial step in selecting potential bioprotectants.

From 1988 up to now, thousands of microorganisms have been tested for scab control in
Brazil. The biodiversity of microorganisms that show potencal for managing the disease
comprises the species described in Table 2.

Some other workers outside of Brazil have been investigating antagonists to control FHB (
Khan et al., 1998;1999, Boeham et al., 1999; Luo & Bleakley, 1999; Schisler et al., 1999;
Stockwell et al., 1997,1999,2000), under greenhouse or field conditions. Some strains have
reduced the FHB severity and significantly reduced vomitoxin contamination in grains
(Stockwell et al., 1997,2000).

The constraints to the application of bioprotectants to the ears of wheat and barley at flower-
ing such as the timing of application, inoculation technology, physiological state of the
organisms, spike colonization, survival of the organisms under the harsh envirommental
conditions, variability of biocontrol from year to year, fermentation, formulation, and storage
will be discussed. The partial control of any tactics to protect against FHB up to this moment
indicates that the integration of protection measures would provide the best disease man-
agement.

(continued on next page)
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Table 1. Chronology of works done on biocontrol of Fusarium Head Blight of wheat

Literature Bioprotectants

Luz, 1988 Bacteria, Yeast
Perondi;N.L., Luz,W.C.da & Thomas,R, 1990 a,1990 b, Bacillus subtilis
1996 Bacillus spp.

Pseudomonas fluorescens
Sporobolomyces roseus

Stockwell, C.A; Luz,W.C. da, and Bergstrom, G.C., 1997 Paenibacillus macerans
Pseudomonas putida

Sporobolomyces roseus

Khan, N.I.,Schisler,D.A..Bochm,M.J, Lipps,P.E., Bacillus spp.
Slininger,P.J. and Bothast, R.J., 1998

Boehm,M.J., Khan, N.J., and Schisler, D.A,1999 Yeast, Bacillus sp.

Khan, N.J., and Schisler, D.A.,and Boehm, M.J.,1999
Yeast, Bacillus sp.

Luo, Y. & Bleakley, B. 1999 Bacillus spp.

Schisler, D.A., Khan, N.J. and Boehm, M.J. 1999 Bacillus spp.

Stockwell, C.A., Bergstrom, G.C. and Luz, W.C. da. Paenibacillus macerans
1999 Pseudomonas putida

Sporobolomyces roseus

Luz, 2000 Bacillus megaterium
Bacillus subtilis
Pantoea agglomerans
Kluyvera cryocrescens

Paenibacillus macerans

Bacillus licheniformans

Pseudomonas putida
Sporobolomyces roseus

Stockwell, C.A., Bergstrom, G.C. and Luz, W.C. Paenibacillus macerans
da.,2000 Bacillus spp.
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Table 2. Biodiversity of microorganisms for biocontrol of Fusarium Head Blight of Wheat
in Brazil.

Bacillus licheniformans,

Bacillus megaterium,

Bacillus subtilis,Kluyvera cryocrescens,
Paenibacillus macerans,

Pantoea agglomerans,

Pseudomonas putida

Pseudomonas fluorescens,
Soorobolomyces roseus,

Rhodotorula sp.
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INTRODUCTION AND OBJECTIVES

It is a common practice of wheat producers in the Dakotas and Minnesota to treat heading
wheat with 28-0-0 nitrogen fertilizer to increase the protein in the grain and attempt to earn a
premium at the elevator. This premium may only be offered in years where weather condi-
tions favor exceptionally low protein in hard wheats. 28-0-0 is a solution of about 30# of
actual nitrogen/gallon. It is a very viscous substance that has wetting properties. As such it
may be used in place of other surfactants when a fungicide is applied. With the interest in
applying fungicides at heading to suppress scab, growers have shown asked many ques-
tions about the compatibility of 28-0-0 and Folicur (tebuconazole), the most widely used
fungicide for suppression of scab. Unfortunately, that information was not available. The
Folicur label recommends the product be applied with a non-ionic surfactant (NIS) at a
concentration of 0.06-0.125%.

The objective of this study was to determine the compatibility of Folicur with 28-0-0 with or
without an added NIS.

MATERIALS AND METHODS

Two spring wheat cultivars, Oxen and Ingot, were planted at three South Dakota locations
(Brookings, Groton, and South Shore). At the Brookings and Groton location the previous
crop was soybeans, while the South Shore location was planted into corn residue. No
inoculum was added to the sites nor was the environment modified with mist irrigation. Four
treatments, Folicur (4 fl. 0z./A) with NIS (0.125%); Folicur (4 fl. 0z./A) tank mixed with 28-0-0
(28.5# actual nitrogen/A); Folicur (4 fl. 0z./A) plus NIS (0.125%), tank mixed with 28-0-0
(28.5# actual nitrogen/A); compared to an untreated check. The treatments were replicated
six times at all locations. Treatments were applied at Feekes 10.3-10.54. Ingot is about three
days later in reaching anthesis than Oxen. At least some tillers were entering anthesis at the
time of treatment. Plots were evaluated for scab and leaf disease 21(Groton) or 28 days
(South Shore and Brookings) after treatment, about soft dough. Following harvest, yield, test
weight, DON, protein, and FDK measurements were taken.

RESULTS AND DISCUSSION

Substantial damage was observed on the flag leaves and awns of both cultivars after treat-
ment. By the rating date, these differences were not as apparent. Greater differences were
observed between the Oxen and Ingot cultivars than between 28-0-0 treatments when com-
pared to the untreated of the same cultivar. Mixed results were observed, with no definitive
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advantage to using 28-0-0 on the crop in 2000. Nitrogen fertilizer as the carrier did not signifi-
cantly alter the performance of the Folicur for scab suppression at any location. Differences were
greater between the two varieties tested than among treatments.

Drought conditions caused the crop to mature very rapidly, making leaf disease evaluations
difficult. However, by the end of the season the damage sustained in association with 28-0-0
was not as obvious and did not appear to result in serious losses of yield. When Folicur was
applied, leaf disease was generally reduced, when only 28-0-0 was applied leaf disease ratings
were similar to the untreated. Similar results were observed at Groton with leaf rust suppression
across the treatments.

Yields were generally unchanged from the untreated of each cultivar, as a result of including 28-
0-0 as a component of the treatment (Table 1 & 3); however, at one location yields were signifi-
cantly higher when Folicur was included (Table 2). The addition of 28-0-0 did not significantly
decrease the yield response realized from the typical Folicur treatment. A Folicur component
always reduced leaf disease, usually significantly. Only at the South Shore location were the
reductions in leaf disease insignificant. The addition of 28-0-0 did appear to increase protein
content in the harvested grain, but not reliably across locations or cultivars.

At the time of this writing, not all data were available for inclusion.

Table 1. Measurements of disease and yield in HRSW Scab 28-0-0/Folicur Trial - SDSU
Agronomy Farm, Brookings, SD, 2000.

Treatment FHB FHB FHB Whole Plot Disease Yield Test Protein
Inc® Sev.” Ind.© Rating® Weight
Name (Cultivar — Application) % % % (0-5) bu/A #/bu %

Oxen - Untreated 4 3537 14 4.5 52.21 56.94 14.27
Oxen - Folicur + NIS 267 24 0.83 3.83 52.62 57.63 14.6
Oxen - Folicur + NIS + 28-0-0 1.33 27.75 0.72 3.92 50.6 57.13 14.88
Oxen - Folicur + 28-0-0 3.33 28.04 12 3.83 55.16 57.7 14.87
Oxen — 28-0-0 1.67 12.22 0.35 4.5 53.46 57.98 14.38
Ingot - Untreated 1 7.61 0.46 5 50.33 60.2 13.97
Ingot - Folicur + NIS 1.33 17.92 0.54 4.17 50.63 60.49 14.88
Ingot - Folicur + NIS + 28-0-0 0.67 20.17 04 4.67 49.54 60.29 15.18
Ingot - Folicur + 28-0-0 167 22 061 4.25 53.48 60.32 15.33
Ingot - 28-0-0 1 2133 043 4.92 48.97 60.51 14.52
LSD (0.05) NS NS NS 0.3 3.47 0.83 0.43
® % of infected heads, based on a 50 head sample
® 9% infection of blighted heads (head severity)
° % blighted heads x % infection on blighted heads
d Subjective rating (O=green — 5=necrotic) of tissue necrosis in the plot at evaluation.
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Table 2. Measurements of disease and yield in HRSW Scab 28-0-0/Folicur Trial —
Abelin Farm, Groton, SD, 2000.

Treatment FHB FHB FHB Leaf Leaf Yield Test Protein
Inc?  Sev.” Ind° Disease® Rust’ Weight
Name (Cultivar — Application) % % % % LAR % LAR bu/A Ibs/bu %

Oxen — Untreated 7 8.4 0.88 23.88 4.77 48.33 56.41 1592
Oxen - Folicur + NIS 8.67 18.67 1.57 5.7 0.28 56.46 57.32 15.78
Oxen - Folicur + NIS + 28-0-0 6.33 12.44 0.74 9.03 0.03 4953 5501 15.75
Oxen - Folicur + 28-0-0 6 14.88 0.91 7.3 0.9 52.33 56.51 15.78
Oxen - 28-0-0 5 21.53 1.2 13.3 4.52 51.13 56.46 15.65
Ingot - Untreated 3 6.13 0.28 41.98 18.47 4436  60.21 15.8
Ingot - Folicur + NIS 2.67 8.94 0.57 3.08 0.3 53.01 60.42 16.07
Ingot - Folicur + NIS + 28-0-0 2.33 7.42 0.27 21.38 0.62 47.71 59.66  16.07
Ingot - Folicur + 28-0-0 2.33 5.44 0.21 11.47 0.38 51.96 60.43 15.92
Ingot - 28-0-0 2.33 6.81 0.26 37.25 16.78 46.93 59.57 15.65
LSD (0.05) NS NS NS 11.23 4.67 4.25 1.19 NS
% % of infected heads, based on a 50 head sample
® 9 infection of blighted heads (head severity)
© % blighted heads x % infection on blighted heads (field severity)
" 9% |eaf area damaged by general leaf diseases (largely tan spot) or leaf rust.

Table 3. Measurements of disease and yield in HRSW Scab 28-0-0/Folicur Trial - NE
Farm, South Shore, SD, 2000.

® % of infected heads, based on a 50 head sample
P % infection of blighted heads (head severity)
‘% blighted heads x % infection on blighted heads (field severity)

N Subjective rating (0=green — 5=necrotic) of tissue necrosis in the plot at
° % leaf area covered by leaf rust pustules

Treatment FHB FHB FHB Whole Plot Leaf Rust Yield Test Protein
Inc? Sev.,” Ind.° Disease Rating® Weight
Name (Cultivar - Application) % % % (0-5) % LAR® bu/A Ibs/bu %

Oxen - Untreated 12 56.76 6.3 3.88 0.4 45.22 58.38 15.73
Oxen - Folicur + NIS 6.67 50.82 3.37 3.83 0.2 44.51 59.98 15.9
Oxen - Folicur + NIS + 28-0-0 9.33 57.39 5.12 3.67 0 43.51 59.3 16.42
Oxen - Folicur + 28-0-0 8 52.86 4.51 3.67 2.4 44.98 59.12 15.5
Oxen - 28-0-0 7.33 40.83 3.39 3.83 1.8 43.76 58.95 14.68
Ingot - Untreated 3 32.88 1.41 4.38 3.2 45.53 58.32 15.68
Ingot - Folicur + NIS 5.33 49.04 2.61 4.17 0.6 44.58 59.07 16.35
Ingot - Folicur + NIS + 28-0-0 4.33 33.33 1.8 3.4 0 42.89 58.19 16.42
Ingot - Folicur + 28-0-0 6.67 44.3 3.4 4.08 1.6 45.13 58.77 16.12
Ingot - 28-0-0 4 67.42 2.63 4.08 5.6 42.43 58.27 15.37
LSD (0.05) 5.24 NS 3.12 NS N/A NS NS 1.1
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PERFORMANCE OF VARIOUS FUNGICIDES FOR SUPPRESSION OF
FUSARIUM HEAD BLIGHT (SCAB) IN SOUTH DAKOTA — 2000
M.A. Draper™*, J. Rudd*, H.H. Casper?, K.R. Rudent, and G. Lammers'
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INTRODUCTION AND OBJECTIVES

Along with 14 other states, South Dakota entered three locations in the Uniform Fungicide
Trial for the suppression of Fusarium head blight or scab on hard red spring wheat and one
location for scab suppression studies on hard red winter wheat.

The objectives of this study were to evaluate the efficacy of various fungicides or fungicide
combinations for the suppression of Fusarium head blight (scab).

MATERIALS AND METHODS

Two spring wheat cultivars, Oxen and Ingot, were planted at three South Dakota locations
(Brookings, Groton, and South Shore). At the Brookings location the previous crop was
soybeans, while the Groton and South Shore locations were planted into corn residue. No
inoculum was added to the sites nor was the environment modified with mist irrigation.
Eleven treatments were applied and compared to an untreated control. The treatments
included Folicur (4 fl. 0z./A), plus Induce non-ionic surfactant (NIS) (0.125%); Tilt (4 fl. 0z./A)
plus Induce NIS (0.125%); Stratego (14 fl. 0z./A) plus Induce NIS (0.125%); BAS 500 (12.3
fl. 0z./A) plus Agridex crop oil concentrate (COC) (1%); BAS 500 (6.2 fl. 0z./A), plus Folicur
(2 fl. 0z./A) and Induce NIS (0.125%); Quadris (0.15# a.i./A) plus Benlate (0.25# a.i./A); BAS
500 (6.2 fl. 0z./A) plus Agridex COC (1%); Quadris (0.125# a.i./A); Caramba (13.5 fl. 0z./A);
Folicur (6 fl. 0z./A) plus Induce NIS (0.125%); and, Tilt (6 fl. 0z./A) plus Induce NIS (0.125%).
Treatments were replicated six times at all locations. Treatments were applied at Feekes
10.3-10.54. Ingot is about two days later in reaching anthesis than Oxen, but all plots were
flowering on early tillers when treatments were applied. Plots were evaluated for scab and
leaf disease 21-28 days after treatment, about soft dough. Following harvest, yield, test
weight, DON, protein, and FDK measurements were taken. The winter wheat trial was lost
due to heavy pressure form cheat grass and loss of stand due to root rotting fungi.

RESULTS AND DISCUSSION

At the Brookings location (Table 1), little scab developed and, as such, significant differ-
ences were not observed among most of the variable measured. Only Quadris, Caramba,
and BAS 500 at the lower rate resulted in significantly higher yield, while most products
reduced leaf disease as reported as a whole plot rating of general necrosis.

Even less scab was observed at Groton, SD (Table 2); however, leaf disease was more
easily quantified. All products significantly reduced leaf diseases in general and leaf rust in
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particular. These rating were based on a percent leaf are that was necrotic due to disease.
No product significantly reduced FDK below the level observed in the control or increased
protein significantly higher than the control. Test weight was significantly increased by
Quadris and the high rate of Folicur (6 fl 0z/A). All products significantly increased yield.

The highest levels of scab were recorded at the NE Research Farm (Table 3). Nonetheless,
significant differences were not discernable. At this location, no significant differences from
the untreated control were recorded for any of the measured variables.

The levels of scab observed in South Dakota in 2000 were lower than have been observed
for several years.

TABLE 1. Measurements of disease and yield in HRSW Scab Fungicide Trial —
Brookings, SD, 2000.

Treatment FHB FHB FHB WhoePlot Dissase FDK  DON  Yidd Tes Protein
Inc® St Ind/ Rating’® Score Weight

Product (rate) ) () (9 (05) (%) (ppm) (bW/A)  (#bu) (%9
Untrested 25 2149 093 475 0.75 009 5127 5857 14.12
Folicur (4) +NIS 2 209 068 4 1 0 5162 59.06 14.74
Tilt (4) +NIS 15 3092 083 4.38 0.67 0 5116 58.69 1454
Sratego + NIS 167 3013 0.8 4.13 058 0 516 58.84 14.24
BAS500 (12.3) + COC 217 2335 09 4.33 0.67 0 5174 58.96 144
BAS500 + Folicur + COC 167 2697 084 454 0.83 0 50.54 588 14.08
Quadris+ Benlae 233 1494 067 413 092 004 5266 58.89 1457
BAS500 (6.2) + COC 217 3038 089 467 058 0 49,99 58.66 14.06
Quedris 083 20.08 04 396 0.67 007 5483 58.98 14.72
Caamba 217 1565 076 4.08 0.67 0 4 58.77 1456
Folicur (6) + NIS 183 2453 078 4.63 0.75 0 50.04 5853 14.29
Tilt (6) + NIS 133 1232 059 4.42 0.83 0 5275 5891 14.22
LSD (0.05) NS NS NS 024 NS NS 246 NS 03
® Data represents an average of disease impact on Oxen and Ingot.
® 0% of infected heads, based on a50 head sample
© %infection of blighted heads
“ 9% blighted heads x % infection on blighted heads
° Subjective rating (O=green — 5=necratic) of tissue necrasisin the plot a eval uation.
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Table 2. Measurements of disease and yield in HRSW Scab Fungicide Trial - Groton,
SD, 2000.

FHB FHB  FHB | egf Disease® Leaf FDK Yield Test

Treatment Inc. Sev.® Ind.c Rust® Weight protein
Product (rate) (%) (%) (%) (%) (%) (%) (buw/A)  (#/bu) (%)
Untreated 5 7.26 0.58 32.93 11.62 1 46.35 5831 15.86
Folicur (4) + NIS 567 1381 1.07 4.39 0.29 1 5473 5887 1593
Tilt (4) + NIS 6 1446  1.05 5.67 25 1 5323 5877 1572
Stratego + NIS 4 1099 061 11.88 4.45 1.08 5245 58.76 15.72
BAS500 (12.3) + COC 567 1495 138 4.69 021 1.08 55.66 58.62 16.02
BAS500 + Folicur + COC 5.5 1028 0.76 8.09 1.73 1.25 50.27 5846 1578
Quadris + Benlate 6.83 1348 1.23 591 2.03 1.33 55.05 5852 1581
BAS500 (6.2) + COC 6.17 10.9 0.93 5.97 0.75 1.08 56.92 58.72 1596
Quadris 6.17 1181 0.96 9.72 2.27 1.33 5041 59.26 15.8
Caramba 2.67 9.02 0.37 3.69 0.19 0.83 52.94 589 1594
Folicur (6) + NIS 45 195 1.02 4.43 0.59 0.92 5292 59.21 15.88
Tilt (6) + NIS 367 1535 0.76 3.57 1.42 1 56.69 58.72 1554
LSD (0.05) NS NS NS 7.04 2.88 0.27 4.66 0.93 0.27
® Data represents an average of disease impact on Oxen and Ingot.
® 9% of infected heads, based on a 50 head sample
© % infection of blighted heads
4% blighted heads x % infection on blighted heads
© % leaf area damaged by general |eaf diseases (largely tan spot) or leaf rust.
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Table 3. Measurements of disease and yield in HRSW Scab Fungicide Trial - NE Re-
search Farm, South Shore, SD, 2000.

FHB FHB FHB WholePlot Leaf pEpkf Yied Test

Treatment ||’1C.b Se\/.C Ind.d Diseasee RUSte Weight Protein
Product (rate) (%) (%) (%) (0-5) (%) (%) (bu/A)  (#/bu) (%)
Untreated 75 4482  3.86 413 18 1.25 4537 5835 1571
Folicur (4) + NIS 6 49.93 299 4 0.4 0.92 4454 5953 16.13
Tilt (4) + NIS 733 5659 4.07 4.02 5 1.25 4357 59.08 15.63
Stratego + NIS 9.83 56.39 513 4,08 1.6 117 4483 5929 15.89
BAS 500 (12.3) +COC 6.17 3155 301 4.08 6.1 133 4585 5872 16.06
BAS500 + Folicur + COC 6.67 4024  3.02 4.21 0.6 1.25 4474  59.48 15.69
Quadris + Benlate 6.5 5447 375 39 2.3 133 41,79 5925 1553
BAS 500 (6.2) + COC 7 5272 3.76 4.29 0.2 1.42 44.9 59.29 1574
Quadris 75 48.06 4.23 4.15 17 1.42 45.7 53.69 14.66
Caramba 4 45.39 2.2 4,08 0.1 1.08 4251 5875 15.64
Folicur (6) + NIS
Tilt (6) + NIS
LSD (0.05) NS NS NS 0.34 N/A NS NS NS NS
® Data represents an average of disease impact on Oxen and I ngot.
® 9% of infected heads, based on a 50 head sample
© % infection of blighted heads
“ 9% blighted heads x % infection on blighted heads
© Subjective rating (0=green — 5=necrotic) of tissue necrosisin the plot at eval uation.
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EFFICACY OF THE FUNGICIDE FOLICURIN CONTROLLING
BARLEY FUSARIUM HEAD BLIGHT IN GENOTYPESWITH
PARTIAL RESISTANCE
R.D.Hordey*, M.P.McMullen?, and J.D. Pederson*

Department of Plant Sciences'; and Department of Plant Pathology?,
North Dakota State University, Fargo, ND, 58105-5051
*Corresponding author: PH: (701) 231-8142, E-mal: horsley @badlands.nodak.edu

OBJECTIVES

The objective of this study is to determine if the integrated use of fungicides and resistant or
moderately resistant barley genotypes reduces Fusarium head blight (FHB) severity and
accumulation of deoxynivalenol (DON) to levels acceptable to the malting and brewing
industry.

INTRODUCTION

Fusarium head blight (FHB), incited primarily by Fusarium graminearum, adversely affected
the quality of barley grown in eastern North Dakota and northwestern Minnesota the last
eight years. Quality of harvested grain was reduced because of blighted kernels and the
presence of DON, a mycotoxin produced by the pathogen. Zero or low levels of DON are
needed for malting barley because DON has been found to carry through malting and
brewing into finished beer (Schwarz et al., 1995). Anheuser-Busch, Inc., the largest brewer
in the U.S., will not purchase malt produced from barley with DON levels greater than 0.5

ppm.

Research conducted to test the efficacy of fungicides in controlling FHB and DON levels in
barley has been conducted using cultivars susceptible to FHB. In a study by Pederson and
McMullen (1999), they found that the fungicides Folicur, Tilt, Benlate, Mancozeb, and
Quadris significantly reduced FHB severity and DON content. However, the fungicides
were not successful in reducing the DON content to a level that would be acceptable to
maltsters and brewers. The DON content of the barley for the most successful fungicide
treatment was 17.2 ppm. Control of FHB in barley probably will require an integrated ap-
proach that includes use of cultivars with genetic resistance, proper cultural practices, and
fungicides.

Minimal information is available on control of FHB using fungicides on moderately resistant
barley genotypes. In a preliminary study conducted by Horsley et al. during the 1999 grow-
ing season (unpublished data), the fungicide folicur was sprayed on 13 genotypes of barley
at the recommend rate and growth stage. Genotypes resistant to FHB (‘Chevron’,
‘Svanhals’, and ‘Kaoto Nijo 2"), partially resistant (‘MNBrite’, F101-78, F103-61, F103-52,
and F102-61), and susceptible (‘Foster’, ‘Stander’, ‘Conlon’, ‘Logan’, and 6B93-2978) were
evaluated. The fungicide by genotype interaction was non-significant (P>0.05). It was
determined that the interaction was not significant because the fungicide reduced the level
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of FHB similarly for all genotypes. Averaged across all genotypes, fungicide application
reduced FHB severity nearly 40%; yet, the fungicide main effect was not significant
(P>0.05).

MATERIALS AND METHODS

Fourteen barley genotypes with different levels of FHB resistance were grown at three
locations (Osnabrock, Langdon, and Carrington) in North Dakota during the 2000 growing
season. Treatments were assigned to experimental units using a randomized complete
block design with a split plot arrangement. Each treatment was replicated three times at
each location. Whole plots were fungicide levels (0 and 4 oz. acre of folicur) and subplots
were genotypes. Evaluated genotypes were either resistant to FHB (Chevron, Svanhals,
and Kaoto Nijo 2), moderately resistant to FHB (MNBrite, F101-78, F103-61, F103-52, and
F102-61), or susceptible to FHB (Foster, Stander, Conlon, Logan, ND15477, and 6B93-
2978). Plots were not inoculated with £ graminearum.

The fungicides were applied using a CO_-pressurized handheld boom sprayer operating at
40 psi, and delivering four ounces of chemical in 18 gallons of water acre*. Fungicides
were applied when 50% of the spikes in a plot were completely emerged from the plants.
Fusarium head blight severity was assessed at the soft dough stage by determining the ratio
of infected kernels to total kernels on 10 spikes per row. Disease severity was expressed as
percent FHB severity. At maturity, grain was harvested from each plot with a plot combine,
dried, and cleaned. Grain from each experimental unit were submitted to Dr. Paul Schwarz’s
laboratory in the Department of Cereal Science, North Dakota State University for DON
analysis. To date, DON data are not available.

Data from the experiments were analyzed as an RCBD with a split plot arrangement. Data
from individual locations were analyzed separately using analysis of variance (ANOVA) and
error mean squares from each location were tested for homogeneity of variance. Combined
ANOVA'’s were done using data from locations in which error mean squares were homoge-
neous. Mean separation was done using an F-protected LSD (P=0.05). In the combined
analyses, fungicide and genotypes will be considered fixed effects and environment a
random effect.

RESULTS AND DISCUSSION

Environmental conditions at Langdon and Osnabrock, ND were more conducive for devel-
opment of FHB than conditions at Fargo. Mean FHB severity was 4.8% at Langdon, 4.2% at
Osnabrock, and 0.8% at Fargo. The fungicide x genotype interaction was not significant for
FHB severity (P>0.05). This suggests that Folicur similarly affected FHB severity of all
genotypes; however, this was not observed (Table 1). Folicur did not significantly reduce
FHB severity in the resistant or moderately resistant genotypes. Thus, it appears that the
integrated use of folicur and a resistant or moderately genotype may not be sufficient in
reducing FHB severity to levels acceptable to the malting and brewing industry. However,
we need to wait until the DON data are available before more definitive conclusions can be
made. In the susceptible genotypes Drummond, Foster, Logan, and Stander, folicur gener-
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ally reduced FHB severity. Conversely, slight increases in FHB severity were observed in
the susceptible genotypes 6B93-2978 and Conlon when sprayed with folicur.

The fungicide x genotype interaction was significant for yield and kernel plumpness
(P<0.05). Genotypes sprayed with folicur generally had greater yield, test weight, and kernel
plumpness than unsprayed genotypes (Table 2). Much of the improvements in these traits
may be due to reductions of foliar disease in genotypes sprayed with folicur (Table 1). Sig-
nificant yield increases were observed only for the cultivars developed and released from
upper Midwest barley breeding programs (i.e.6B93-2978, Conlon, Drummond, Foster,
Logan, MNBrite, and Stander.) This suggests that factors other that foliar diseases were
limiting yield in the other genotypes. Foliar disease severity data were collected at Langdon
and Osnabrock. The predominant foliar disease at each location was septoria leaf blotch,
incited by Septoria spp. Foliar diseases were not prevalent at Fargo.

Test weight of genotypes receiving and not receiving folicur was generally acceptable (>
46.0 Ib/bu). Kernel plumpness of all adapted genotypes was below the minimum required
by the malting and brewing industry, 65%. Thus, folicur application did not result in improve-
ments of kernel plumpness to acceptable levels.

In the barley-growing region in the upper Midwest U.S., it costs growers about $12/acre for
folicur and its application. For this cost to be recovered, a yield increase of at least 9.2
bushels/acre is needed based on a farmgate-selling price of $1.30/bushel. Based on the
yield increases observed in this study, the cost of folicur and its application was recovered
only when applied to the adapted cultivars 6B93-2978, Conlon, Foster, Logan, MNBrite, and
Stander.

CONCLUSIONS

» Folicur application did not significantly reduce the level of FHB in resistant, moder-
ately resistant, or susceptible genotypes.

» Genotypes sprayed with folicur generally had greater yield, test weight, and kernel
plumpness than unsprayed genotypes.

» Folicur application reduced levels of foliar disease.

* Yield gains due to control of foliar diseases tended to be sufficient to cover the cost of
folicur and its application in cultivars developed and released by upper Midwest
barley breeding programs.
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Table 1. Effect of folicur rate and genotype on percent Fusarium head blight and foliar
disease severity of barley.

FHB Severityt Foliar disease

Genotype No folicur Folicur No folicur Folicur

-------- % -mmmmmmmmm- - SCOr € -
Chevron 1 1 4.2 2.8
Svanhals 1.2 1.3 5.7 3.3
F101-78 3.7 2.5 6.2 45
F102-61 1.2 1.7 6.5 3.7
F103-52 1.7 1.6 4.8 4
F103-61 51 34 5.8 3.7
Kaoto Nijo 2 31 3.6 5.7 3.8
MNBrite 3.7 35 3.8 2.2
6B93-2978 35 41 4.2 3
Conlon 3.4 49 5 2.7
Drummond 4.4 34 5.2 35
Foster 5.6 35 6.7 4.3
Logan 4.6 3.1 5.8 3
Stander 6.4 4.8 5.7 45
LSD (0.05) = -------------- S —— S ——
T Percent of infected kernels per spike.
$1 = nofoliar disease, 5 = severe disease.
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Table 2. Effect of folicur and genotype on yield, test weight, and kernel plumpness of
barley.

Yidd Test weight Kernd plumpnesst

Genotype No folicur Folicur No folicur Folicur No folicur Folicur
bushels/acre pounds/bushel %

Chevron 50.8 54 48.6 494 125 17.2
Svanhds 417 48.6 485 49.6 64.1 716
F101-78 61.3 62.8 515 52 79.9 83.9
F102-61 59.3 61.1 49.2 491 70.3 75.1
F103-52 46.3 51.1 499 50.5 74.6 729
F103-61 63.8 68.9 50.9 51.3 713 731
Kaoto Nijo 2 61.5 69.1 49.3 50.6 535 66.5
MNBrite 729 83.6 48.6 495 455 54.7
6B93-2978 80.8 915 48.4 49 438 42.7
Conlon 62.8 75.1 47.9 50 51.1 60.6
Drummond 75.1 84.2 48.7 50.2 491 58.9
Foster 75 95.7 46.6 482 436 58.5
Logan 711 89.7 495 51.1 44.3 60.3
Stander 79.8 90.8 487 499 52.5 59.1
1L.SD (0.05) 9.0 ns 7.6
tKernds remaining on top of a 6/64 inch dotted Seve were consdered plump.
tCdculated LSD isfor comparisons of same subplot treetmentsin different whole plots
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EFFECTSOFAPPLICATION PARAMETERSON CONTROL OF
FUSARIUM HEAD BLIGHT WITH FUNGICIDES
M. McMullen'*, S, Halley?, J. Pederson?, J. Moos®, and J. Jordahl*

Dept. of Plant Pathology?, Dept. of Plant Sciences?, Dept. of Agricultural and Biosystems Engineering?,
North Dakota State University, Fargo, ND, 58105
*Corresponding author: PH: (701) 231-7627, E-mail: mmcmulle@ndsuext.nodak.edu

OBJECTIVE

To find fungicide application techniques that will improve control of Fusarium head blight in
spring wheat, durum wheat, and spring barley.

INTRODUCTION

Success with fungicides in reducing Fusarium head blight (FHB) is dependent on a number
of factors, including efficacy of the fungicide, appropriate timing of application, and deposi-
tion and retention of the fungicide on the grain head (Halley et al., 1999). A number of fungi-
cides have been evaluated since the late 1970s (Wilcoxson, 1996). Folicur (tebuconazole)
has shown consistency in reducing levels of FHB over a number of locations in the US in
recent years (McMullen et al., 1999).

In addition to fungicide efficacy, timing of application needs to be optimal. In early studies,
fungicides were applied at early or partial head emergence or at early grain fill (Milus and
Parsons, 1994; Wilcoxson, 1996). Studies in Europe indicate that the flowering period is the
optimum growth stage for fungicide application on wheat (Mauler-Machnik and Zahn, 1994).
For barley, which flowers when the heads are still in the boot, early results in North Dakota
indicate that optimum fungicide application on barley is shortly after head emergence.

Adequate deposition and retention of fungicide on grain heads also is needed for optimum
FHB control. Adjuvants have been shown to have positive effects in improving fungicide
deposition and retention on grain heads, resulting in enhanced FHB control (Lukach et al.,
1999). Recent studies in greenhouse and field environments also have indicated that spray
systems that direct the fungicide spray toward the grain head at an angle rather than vertical
to the grain head provide better fungicide deposition and FHB control (Lukach et al., 1999).
Our objective was to further evaluate the impact of application timing and the impact of
adjuvant types and rates on fungicide effectiveness in controlling FHB.

MATERIALS AND METHODS

Application timing - Folicur fungicide was applied at various growth stages of spring wheat
and barley in the greenhouse and field in 2000. ‘Grandin’ spring wheat, ‘Munich’ durum, and
‘Robust’ barley were sown separately into artificial potting mix in 6" by 12" plastic trays at a
seeding rate equal to one million seeds/acre. Five trays of each crop were treated with
Folicur (4 fl oz + 0.06% v/v Induce in 9 gpa) at three separate growth stages (Feekes 10.3 =
one-half head emerged; Feekes 10.5 = full head emergence in barley; Feekes 10.51 =
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flowering in wheat; Feekes 10.54 = kernel developing and watery ripe). Fungicides were
applied with a track sprayer using two XR8001 flat fan nozzles oriented forward and back-
wards towards the grain heads at 30° from horizontal. Grain heads were inoculated at
Feekes 10.51 using an atomizer with 5000 spores/ml of Fusarium graminearum. Plants
were placed under intermittent mist for two days following inoculation.

‘Russ’ hard red spring wheat was planted into barley stubble that had been chiseled the
prior fall, and ‘Stander’ barley was planted into corn stubble that had been chiseled the prior
fall. Fungal inoculum came from natural sources in the barley field, while natural sources
were augmented with inoculated grain spawn spread among rows in the wheat field. Four
replicated plots (9’ x 20’) per treatment were sprayed with Folicur fungicide (4 fl oz/acre +
0.06% Induce in 18 gpa) using the same nozzle type and orientation as in the greenhouse.
FHB was evaluated at soft dough stage of kernel development. Data was statistically ana-
lyzed using ANOVA.

Adjuvants - Various adjuvants were tested in conjunction with Folicur or Tilt fungicide to
determine their effects on efficacy of these products. Experiments were conducted in field
trials at Fargo with Stander barley and Grandin hard red spring wheat, both planted into corn
stubble. Adjuvants tested included two rates of a non-ionic surfactant (Induce), two rates of
an organosilicone adjuvant (Silwet), and two humectants, L64 and L88. Humectants, such
as glycerol and sorbitol, are substances that enhance retention of moisture. Fungicides +
adjuvants were applied with a hand held boom equipped with forward/backward flat fan
nozzles, as described above. FHB was evaluated at soft dough stage of kernel develop-
ment. Data was statistically analyzed using ANOVA.

RESULTS AND DISCUSSION

Application timing - Optimum growth stage for fungicide application for FHB control was at
Feekes growth stage 10.51 for spring wheat and durum (Table 1). In barley, FHB field sever-
ity did not differ significantly among application timings, but was numerically lower when
fungicide was applied either at Feekes 10.3 or Feekes 10.5 than at Feekes 10.54 (Table 1).
Optimum timing of application resulted in 73-92% reduction in FHB field severity in spring
wheat, 89% in durum wheat, and 59-63% in barley.

Adjuvants - With Folicur fungicide on barley and wheat, Induce adjuvant at 0.06% v/v
consistently resulted in lower FHB field severity ratings than at 0.03% v/v, although differ-
ences were not statistically significant (Table 2). Over all of the treatments with Folicur or Tilt,
the lowest FBH field severity ratings were with Folicur + 0.06% v/v Induce. A comparison of
Silwet rates with Tilt indicated that the 0.03% v/v rate of Silwet gave a significantly lower
FHB field severity rating than use of the 0.06% v/v rate. Results indicate that benefits with
adjuvants may be rate dependent. Addition of humectants resulted in similar FHB field
severity ratings as with the Induce or Silwet, but slightly lower wheat leaf disease levels
than with other adjuvants.
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Table 1. Field severity of Fusarium head blight (FHB) following application of Folicur
fungicide (4 fl oz/acre + 0.06% v/v Induce) at various growth stages, Fargo, 2000.

% FHB Field Severity
(Field Severity = Incidence x Head Severity)

Feekes growth ‘Grandin’ ‘Russ  ‘Munich’ ‘Robust’ ‘Stander’
stage* at fungicide HRSW HRSW  Durum Barley Barley
application greenhouse  field  greenhouse greenhouse field
Untreated 7 234 321 3.2 8.7
10.3 16 11.2 164 15 32
10.5-10.51 05 6.3 35 13 4.1
10.54 7 8.8 225 19 4.5
LSD P=0.05 39 4.6 17.2 2.8 2.8

* Feekes 10.3 = head half emerged; Feekes 10.5 = full head emergence; Feekes 10.51 = early
flowering in wheat; Feekes 10.54 = kernel watery ripe
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Table 2. Effects of adjuvants on efficacy of Folicur and Tilt fungicides in reducing FHB in
two field experiments with barley, one field experiment with spring wheat, Fargo, ND,
2000.

. . . FHB. Fie!)d Barley Yield
Cultivar Fungicide Adjuvant and rate | Severity (%) (bu/ac)
Stander barley Untreated 6.1 83.6

Folicur 4 fl oz/A Induce 0.03% v/v 44 87.9
Folicur 4 fl oz/A Induce 0.06% v/v 3.7 90.1

LSD P=0.05 15 ns
Stander barley  |Untreated 94 84
Folicur 4 fl ozZ/A L64 1% viv 5 87.1
Folicur 4 fl oz/A L 88 1% v/v 45 86.5
Folicur 4 fl oz/A Induce 0.03% v/v 4.7 83.9
Folicur 4 fl oz/A Induce 0.06% v/v 3.8 89.5
Folicur 4 fl oz/A Silwet 0.03% v/v 4 86.5
Tilt 4l oz/A Silwet 0.03% v/v 4.1 82.4
Tilt 4 fl oz/A Silwet 0.06% v/v 6.2 86.9
Tilt 4 fl oz/A Induce 0.03% v/v 4.8 86.3
Tilt 4 fl oz/A Induce 0.06% v/v 5.7 84.1

LSD P=0.05 21 ns

% L eaf necrosis

Grandin HRS Untreated 39.5 60.3
Folicur 4 fl oz/A L64 1% viv 15.1 5.2

Folicur 4 fl ozZ/A Induce 0.03% v/v 17 8.5

Folicur 4 fl oz/A Induce 0.06% v/v 11.8 8.7

Folicur 4 fl oz/A Silwet 0.03% v/v 11.9 7.5
Tilt 4 fl oz/A Induce 0.06% v/v 13.1 11.8

LSD P=0.05 7.1 6.1
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ABSTRACT

A core set of seven fungicide treatments was evaluated on hard red spring wheat for effi-
cacy against Fusarium head blight (FHB = scab) and leaf diseases at three locations (Fargo,
Carrington, and Langdon) in North Dakota in 2000. A single study on durum wheat also was
done with the fungicide treatments at the Carrington Research and Extension Center. The
evaluation of the fungicide treatments was part of a national effort to evaluate a uniform set
of treatments across multiple states and environments. The core set of treatments included
Folicur (4 fl oz/acre), Tilt (4 fl oz/acre), Stratego (14 fl oz/acre), BAS 500 (12.3 fl oz/acre),
BAS 500 + Folicur (6.2 fl oz + 2 fl oz/acre), and Quadris + Benlate (9.2 fl oz + 0.25 Ib/acre).
Folicur (tebuconazole) had a Section 18 for use in ND in 2000. Tilt (propiconazole) has a
state label for heading application on wheat in ND. Quadris (azoxystrobin) is registered for
wheat. Stratego(combination product of Tilt + trifloxystrobin [Flint]) was recently sold by
Novartis to Bayer, and its availability status for 2001 is uncertain. BAS 500 is a strobilurin
fungicide and is not yet labeled for wheat in the US. An additional fungicide, Caramba 90SL
(metconazole at 13.5 fl oz/acre), was included in the evaluations in ND. Caramba is not
labeled in the US and this was the first year of testing of this product. The fungicide treat-
ments were applied at early flowering to ‘Russ’ hard red spring wheat at Fargo and
Carrington, to ‘Grandin’ hard red spring wheat at Fargo and Langdon, and to ‘Munich’ durum
at Carrington. Fungicide treatments were applied at 35-40 psi in 17-18 gpa, using flat fan
nozzles oriented forward and backward at an angle 30° from the horizontal. Fusarium inocu-
lum was added in the form of inoculated grain kernels to the plots in Fargo and Langdon.
Wheat straw was distributed among plots at Carrington. Plots were mist irrigated at Fargo
and Langdon, while sprinkler irrigation was used at Carrington. Fusarium head blight and
leaf disease ratings were recorded at soft dough stage of kernel development. Disease
levels were high at all three locations. Mean data across sites was analyzed using ANOVA.
Results on spring wheat and durum showed that all of the fungicide treatments significantly
reduced leaf disease and FHB field severity when compared to the untreated check. In the
hard red spring wheat trials, all fungicide treatments resulted in significantly lower DON
levels, as well. All fungicide treatments significantly increased yield (7 to 15 bu in hard red
spring and 12 to 18.4 bu in durum) and test weight (up to 2.3 Ib in hard red spring and up to
3.4 Ib in durum). The Caramba fungicide resulted in significantly lower DON (vomitoxin)
levels across all sites than other fungicide treatments and significantly higher yields than
several of the core treatments. The BAS 500 treatment resulted in the lowest leaf disease
rating and the highest test weight.
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UNIFORM FUNGICIDE TRIAL FOR CONTROLLING
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ABSTRACT

A core set of seven fungicide treatments was evaluated on ‘Stander’ six-row barley for
efficacy against Fusarium head blight (FHB = scab) and leaf diseases at two locations in
North Dakota in 2000. The evaluation of the fungicide treatments was part of a national
effort to compare a uniform set of treatments across multiple states and environments. The
core set of treatments included Folicur (4 fl oz/acre), Tilt (4 fl oz/acre), Stratego (14 fl oz/
acre), BAS 500 (12.3 fl oz/acre), BAS 500 + Folicur (6.2 fl oz + 2 fl oz/acre), and Quadris +
Benlate (9.2 fl oz + 0.25 Ib/acre). Folicur (tebuconazole) had a Section 18 for use on wheat
and barley in ND in 2000. Tilt (propiconazole) has a federal label for application to wheat
and barley through flag leaf emergence stage, and a state label for heading application on
wheat in ND. Quadris (azoxystrobin) is registered for wheat. Stratego (combination product
of Tilt + trifloxystrobin [Flint]) was recently sold by Novartis to Bayer, and its availability
status for 2001 is uncertain. BAS 500 is a strobilurin fungicide and is not yet labeled for
wheat or barley in the US. An additional fungicide, Caramba 90SL (metconazole at 13.5 fl
oz/acre), was included in the evaluations. Metconazole is not labeled in the US and this was
the first year of testing in ND. The fungicide treatments were applied to Stander barley at
early full head emergence at both locations. Fungicide treatments were applied at 35-40 psi
in 17-18 gpa, using flat fan nozzles oriented forward/backward at a 30°angle from the hori-
zontal. Fusarium inoculum was added in the form of inoculated grain kernels to the plots in
Fargo and Langdon, and mist irrigation was applied to the plots at both locations as needed.
Fusarium head blight and leaf disease ratings were recorded at soft dough stage of kernel
development. FHB, DON, and leaf disease levels were higher at Langdon than Fargo. Data
across sites was analyzed using ANOVA. Compared to the untreated check, all fungicide
treatments significantly reduced leaf disease, which was primarily Septoria. Among fungi-
cide treatments, the only significant difference observed was the BAS 500 + Folicur treat-
ment having significantly lower leaf disease than the Tilt treatment. Significant differences
were not observed among treatments for FHB field severity, but fungicide treatments re-
duced severity levels by 45 to 66.7%. DON levels were very high in these studies and were
not significantly affected by fungicide treatments, although fungicides reduced DON levels
up to 45.8%. Yield differences also were not statistically significantly different because of
wide yield variations between the two sites, but yield improvement averaged from 10 to 20.4
bushels, with Caramba and Stratego treatments resulting in the highest yields. At Langdon,
test weights were significantly improved by all but the Tilt fungicide treatment, with Folicur
giving the highest test weight.
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ANALY SISOF THE 2000 UNIFORM WHEAT FUNGICIDE TRIALS
ACROSSLOCATIONS
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*Corresponding author: PH: (501) 575-2676, E-mail: gmilus@uark.edu

INTRODUCTION

Identifying fungicides that reduce incidence and severity of FHB and levels of damage and
mycotoxins in the grain could have immediate and wide spread benefits to growers and
users of all market classes of wheat in the event of a FHB epidemic. The overall objective of
the uniform wheat fungicide trials is to hasten the integration of fungicides that are effective
against FHB into cost-effective and environmentally-safe wheat disease management
strategies. Because most fungicides do not have a high level of activity against FHB, cur-
rent emphasis has been on identifying the most efficacious fungicides. Consequently, this
analysis will include only variables that are directly related to FHB.

METHODS

Plant pathologists in 15 states (Table 1) participated in the 2000 wheat uniform fungicide
trials. These states represented hard red spring wheat, hard red winter wheat, soft red
winter wheat, soft white winter wheat, and durum wheat production areas. The seven uni-
form treatments for 2000 (Table 2) included well-known fungicides that either are registered
or are in the process of being registered for use on wheat in the United States. In addition to
the seven uniform treatments, some cooperators included Caramba (Metconazole) which is
being used for control of FHB in Europe.

All treatments were applied at flowering stage using a CO,-powered sprayer. Details such
as plot size, number of replications, spray volume, and nozzle configuration varied among
the locations but were not considered to significantly affect the results. Inoculation and/or
some form of overhead misting were used at some locations to promote head blight devel-
opment, and these practices likely increased the incidence and severity of head blight.
Disease variables included incidence (% of heads showing symptoms) and head severity
(% of head area affected) measured at soft dough stage, field severity (= FHB index = inci-
dence x head severity), and deoxynivalenol (DON) content in the grain and percentage of
Fusarium-damaged kernels (FDK) measured after harvest. Cooperators analyzed results of
their individual locations and provided treatment means to the authors for analysis across
locations.

RESULTS
Sixteen locations across seven of the participating states reported some level of FHB (Table

3). The trial from Maryland appeared to be a good test, but a nontreated check was not
included because of unusual circumstances. In order to utilize data from this location, data
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for two extra, apparently ineffective treatments were averaged, and these averages were
substituted for the nontreated check. Field severity data from ten locations, FDK data from
four locations, and DON data from five locations were used to analyze treatment effects
across locations. All fungicides significantly reduced field severity compared to the
nontreated check, but none of the treatments significantly reduced the percentage of
Fusarium-damaged kernels or the level of DON (Table 4).

Seven locations included the Caramba treatment and reported some level of FHB (Table 5).
Data for the nontreated check at the Maryland location were calculated as described above.
Field severity data from five locations, FDK data from three locations, and DON data from
four locations were used to analyze treatment effects across locations. All fungicides signifi-
cantly reduced field severity compared to the nontreated check, and Caramba was signifi-
cantly better than Tilt or Stratego (Table 6). Stratego, BAS 500F + Folicur, Quadris +
Benlate, and Caramba significantly reduced the percentage of Fusarium-damaged kernels
compared to the nontreated check, and Caramba was significantly better than BAS 500F +
Folicur and Quadris + Benlate. All fungicides significantly reduced the level of DON com-
pared to the nontreated check, and Caramba was significantly better than all of the fungi-
cides except Quadris + Benlate. Also, Caramba was the only fungicide to reduce DON
levels below the threshold level of 2 ppm.

CONCLUSIONS

Caramba was the most effective fungicide against FHB among all of the fungicides ever
tested in the uniform wheat fungicide trials. Caramba also was effective against foliar
fungal diseases (data not shown) and therefore appears to have potential for cost-effective
commercial use. Although Caramba is currently being used in Europe, the prospect for EPA
registration on wheat in the United States and cost are not known at this time.

For the analyses without Caramba (Table 4), results were very similar to those reported from
the 1999 analysis across locations (McMullen, et al. 1999). In 1999 and 2000, all fungicides
tested significantly reduced field severity compared to the nontreated check, but none of the
fungicides significantly reduced the percentage of Fusarium-damaged kernels or the level of
DON.
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Table 1. States and principal cooperatorsin the uniform wheat fungicidetrials.

Mi

Arkansas

nois

Indiana
lowa
Kentucky
Maryland
Michigan

nnesota

Missouri

New York
North Carolina
North Dakota

Gene Milus, University of Arkansas, Fayetteville
Wayne Pedersen, University of Illinois, Urbana

Greg Shaner, Purdue University, West L afayette

Gary Munkvold, lowa State University, Ames

Don Hershman, University of Kentucky, Princeton
Arvydas Grybauskas, University of Maryland, College Park
Pat Hart, Michigan State University, East Lansing

Roger Jones, University of Minnesota, St. Paul

Laura Sweets, University of Missouri, Columbia

Gary Bergstrom, Cornell University, Ithaca

Steven Leath, North Carolina State University, Raleigh
MarciaMcMullen, North Dakota State University, Fargo

Ohio Pat Lipps, Ohio State University, Wooster
South Dakota Marty Draper, South Dakota State University, Brookings
Virginia Erik Stromberg, Virginia Technical, Blacksburg
Table 2. Fungicide, rate, and adjuvant used in the uniform treatmentsin 2000.
# Fungicide Rate/A Adjuvant
1 Nontreated
2 Folicur 3.6 F 41l oz 0.12% Induce
3 Tilt 3.6 EC 4fl oz 0.06% Induce
4 Stratego 2.08 EC 141l oz 0.06% Induce
5 BAS500F 2.09 EC 12.3fl oz 1% Agri-Dex
6 BAS 500F + Folicur 6.2+ 2fl oz 1% Agri-Dex
7 Quadris 2.08 F + Benlate 50 WP 9.2floz+0.251b
7.5  Caramba 90 SL 13.5fl oz 0.06% Induce
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Table 3. Locationsin the 2000 uniform trialsthat reported somelevel of FHB and provided

data on field severity, Fusarium-damaged kernels, or DON level and the means across all

seven treatmentsfor those variables.

L ocation Field severity®  Fusarium-damaged kernels® DON?®
(%) (%) (ppm)

Fargo, ND #1 13.2 54 7.3

Fargo, ND #2 5.8 2.6 3.6

Carrington, ND #1 12.8 : 24

Carrington, ND #2 124 . 3.2

Langdon, ND 13.7 191 .

Crookston, MN 24 3.6 12

Beltsville, MD 14 24.6 .

Aurora, NY . 7.6 11.8

East Lansing, M| #1 7.1

East Lansing, M| #2 12.6

East Lansing, M1 #3 16.3

East Lansing, M| #4 119 .

Groton, SD 1 1.1

Brookings, SD #1 0.8 0.8

Brookings, SD #2 3.7 12 .

Fayetteville, AR 271 84.3 44

AV auesin bold font were used for analysis across locations. Other values were from locations

where FHB levels were either too low or too high to be meaningful.

Table 4. Treatment meansfor field severity, Fusarium-damaged kernels, and DON level
averaged acrossthelocationsindicated in Table 3.
Treatment Field severity Fusarium-damaged kernels DON
(%) (%) (ppm)
Nontreated 20.5 16.9 7.3
Folicur 9 145 4.6
Tilt 115 13.6 4.8
Stratego 12.7 12.7 6
BAS 500 8.6 144 5.7
BAS 500 + Folicur 105 141 6.3
Quadris + Benlate 11.2 12.9 5
LSD (P=0.05) 4.8 NS NS
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treatmentsfor those variables.

Table 5. Locationsin the 2000 uniform trialsthat included the Caramba treatment and provided
data on field severity, Fusarium-damaged kernels, or DON level and the means acr oss all eight

Location Field severity® Fusarium-damaged kernels® DON?®

(%) (%) (ppm)
Fargo, ND #1 12.1 51 6.8
Fargo, ND #2 53 2.6 34
Carrington, ND #1 11.9 2.2
Carrington, ND #2 11.7 : 3
Langdon, ND 12.6 18.4 .
Crookston, MN 24 33 11
Beltsville, MD 135 235

4 aluesin bold font were used for analysis across locations. Other values were from locations where the
level of FHB wastoo low to be meaningful.

Table 6. Treatment meansfor field severity, Fusarium-damaged kernels, and DON level
averaged acrossthelocationsindicated in Table 5.
Treatment Field severity Fusarium-damaged kernels DON
(%) (%) (ppm)
Nontreated 249 19.8 6.4
Folicur 9.3 17.1 35
Tilt 122 16 3.6
Stratego 11.3 14 4.3
BAS 500F 8.6 16.9 35
BAS 500F + Folicur 85 155 4.1
Quadris + Benlate 9.3 15 34
Caramba 5.4 10.8 18
LSD (P=0.05) 4.3 3.9 1.6
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OBJECTIVES

Determine the effect of culture media type on the efficacy of biocontrol agents against FHB
in field tests located in Illinois and Ohio and to produce antagonists in a superior cultivation
medium and field test antagonists in North Dakota. Results of field studies on reducing FHB
on durum wheat using microbial antagonists is presented in our associated poster.

INTRODUCTION

Research on optimizing methods for selectively isolating, mass producing and utilizing
microbial antagonists effective against FHB was initiated in 1997 at the NCAUR in Peoria,
IL, in conjunction with The Ohio State University. Several biological control agents remain
under consideration for commercial development (Table 1; Boehm et al., 1999; Khan et al.,
1999). This update provides a summary of the results obtained from a portion of our 2000
field evaluation trials conducted on the soft red winter wheat cultivars Pioneer 2545 and
Freedom in OH and IL and the hard red spring wheat cultivar Grandin in Langdon, ND.

MATERIALS AND METHODS

2000 field trials of FHB antagonists on soft red winter wheat in Peoria, IL and Wooster,
OH

Inoculum of 6 microbial antagonists effective against FHB was produced using two
semidefined liquid culture media that differed only in respect to their carbon to nitrogen
ratios (C:N) which were set at C:N 6.5 and 11. These media were selected in part because
of data obtained from a 2000 field trial on durum wheat in which antagonists produced in the
C:N 6.5 medium were 18% more effective in reducing FHB than the same antagonists
produced in the C:N 11 medium (Schisler et al. poster, this forum). The soft red winter wheat
cultivars Pioneer 2545 (susceptible) and Freedom (moderately resistant) were used in both
locations because of their widespread use throughout the Midwest and to test for possible
integration of biocontrol and host genetic resistance for managing FHB. Biomass was
harvested from Fernbach shake flasks as described previously and applied at the beginning
of wheat flowering in aqueous suspensions containing a weak buffer and wetting agent
(Schisler et al., 1999). Bacterial and yeast suspensions contained 25 % fully colonized broth
(~5x108 cfu/ml and ~2.5 x 107 cfu/ml, respectively). Controls were untreated plants and
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plants treated with buffer/wetting agent only. Pathogen inoculum was added to plots as
colonized corn kernels (F. graminearum 3-93 and 6-93) scattered through plots (~25-40
kernels/m?) 2 wk prior to wheat flowering and mist irrigation provided for approximately one
week after treatment application to promote FHB development. Plots were scored for dis-
ease severity and incidence. Randomized complete block designs were used in both trials
(n=4 in Peoria; n=6 in Wooster).

2000 Langdon, ND, field trial of FHB antagonists on the hard red spring wheat
Grandin

Biomass of the 6 FHB biocontrol agents listed in Table 1 was produced in the C:N 6.5
semidefined medium for the Langdon, ND field trial. Methods were as described above
except that natural pathogen inoculum was used and the plots did not receive any mist
irrigation. Controls were untreated plants and plants treated with buffer/wetting agent only.
Plots were scored for disease severity and incidence. A randomized complete block design
was used (n=6).

RESULTS AND DISCUSSION

All antagonists reduced FHB severity as compared to the buffer control in both Peoria and
Wooster on Pioneer 2545 (Table 2). Yeast OH 182.9 reduced disease severity by 58%
compared to the buffer control across both production media and test sites. Disease severity
was very light on cultivar Freedom with few treatments differing from the controls at either
field location. The C:N of the liquid culture media used to produce antagonist biomass did
not have a consistent effect on the efficacy of antagonists in the field trials conducted in
Peoria and Wooster (Table 2). In the Langdon, ND field trial, five of six antagonists de-
creased FHB severity compared to the untreated control (Table 3). Inexplicably, the buffer
and wetting agent control treatment also had one of the lowest disease severity ratings, a
result in contrast to our 1999 and other 2000 field trials where the buffer control had equiva-
lent or higher disease ratings than the untreated control. As observed in previous field
seasons, yeasts OH 181.1 and OH 182.9 were among the most effective antagonists.

We remain optimistic regarding the commercial development and FHB control potential of
several of these antagonists. Further improvements in the level of control achieved using
these antagonists will be sought via further research on optimizing media and formulations.
Additional efficacy gains will also be attempted via the selection of fungicide insensitive
variants of selected antagonists and their use in combination with fungicides registered for
use against FHB. Lastly, improving the consistency of biological control will be sought by
initiating studies to discover genes, regulatory mechanisms or other cellular processes
responsible for biocontrol agent efficacy.
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Table 1. Antagonist strain designation and identification of bacteria and yeasts that re-
duce the severity of Fusarium head blight of wheat.

Antagonist | NRRL accession no. |dentification
AS433 B-30210 Bacillus subtillus/amyloliquefaciens?
AS434 B-30211 Bacillus subtillus/amyloliquefaciens?
OH 71.4 Y-30213 Cryptococcus sp.(= Torula aurea)®

OH 131.1 B-30212 Bacillus subtillus®
OH 181.1 Y-30215 Cryptococcus sp. nov. 1°
OH 182.9 Y-30216 Cryptococcus nodaensis sp. nov®

INRRL patent culture collection, National Center for Agricultural Utilization Research, Peoria, IL.

?|dentification by DSMZ, Braunschweig, Germany, based on 16S rDNA sequence homologies and biochemical and
physiological tests of taxonomic utility.

3ldentification based on nucleotide sequence divergence in domain D1/D2 of large subunit 26S rDNA and on
divergencein ITS1/5.8/ITS2 rDNA. C.P. Kurtzman, personal communication.

“Yeast, not determined.

SIdentification by MIDI Labs, Newark, DE, based on 16S rDNA sequence homologies and biochemical and
physiological tests of taxonomic utility.
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Table 3. Influence of six microbial antagonists produced in C:N 6.5 medium on Fusarium

head blight on the hard red spring wheat cultivar Grandin in Langdon, North Dakota,
2000.

Treatment Disease Severity," % Incidence, %
Untreated control 218a 52.8a
Buffer control 12.9de 281e
AS 43.3 (6.5)° 16.6 bc 39.7c
AS43.4 (6.5) 143 cd 42.2 bc
OH 71.4 (6.5) 18.9ab 47.8 ab
OH 131.1 (6.5) 12.7 de 42.8 bc
OH 181.1 (6.5) 104 e 325de
OH 182.9 (6.5) 12.3de 37.2cd

Within a column, means not followed by the same lower case letter are significantly different (P#0.05, FPLSD).

2Value in parentheses indicates the carbon:nitrogen ratio of the medium used to produce biomass of the antago-
nist.

Chemical and Biological Control
109



2000 National Fusarium Head Blight Forum

Control of Fusarium Head Blight of Wheat with Foliar Fungicides
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INTRODUCTION AND OBJECTIVES

Scab, or Fusarium head blight, has been a difficult to control throughout the world. The shift
to conservation tillage methods of crop production may be why Fusarium head blight has
emerged as a major disease of wheat and barley through much of the US Corn Belt and the
upper Great Plains (Bai and Shaner, 1994; Dill-Macky and Jones, 2000). No single tradi-
tional disease control option (disease resistant cultivars, crop rotations, tillage to destroy
residues, and fungicides) is likely to control head blight because of lack of availability,
excessive cost, or negative impacts on soil conservation (McMullen 1997). Bringing
Fusarium head blight under control will require multiple disease management strategies
(Parry et al. 1995, Bai and Shaner 1994), coupled with greater understanding of the epide-
miology of the disease.

Fungicides would provide growers with a management option when susceptible cultivars
are grown, and may help protect grain yield and quality of cultivars with partial resistance
under conditions particularly favorable for disease. A few fungicides have shown some
efficacy against Fusarium head blight, but results are often inconsistent over locations and
years (Gilbert and Tekauz, 2000; McMullen at al., 1997; Parry et al., 1995; Shaner and
Buechley, 1999). Some fungicides reduce DON contamination of grain, but others may
cause an increased amount of DON (Gilbert and Tekauz, 2000; Shaner and Buechley, 1997;
Shaner and Buechley, 1999).

We have been participants in a uniform fungicide trial. The purpose of this cooperative
study is to compare a core set of fungicide treatments at several locations throughout the
Corn Belt and upper Midwest for their efficacy against Fusarium head blight of wheat and
barley.

MATERIALS AND METHODS

Wheat cultivar Clark was drilled at 7-in. row spacing into disked corn stalks at two locations
in Indiana during 2000. Wheat at the Purdue Agronomy Research Center (ARC) near West
Lafayette was planted on 13 Oct 99; wheat at the Southeast Purdue Agricultural Center
(SEPAC), near North Vernon, was planted on 6 Oct 99. Before seeding at ARC, 300 Ibs./A
of 10-25-25 fertilizer was broadcast and incorporated. Plots at ARC were top-dressed in
early spring with 315 Ibs./A of 34-0-0. Prior to planting at SEPAC, the field was fertilized
with 100 Ibs. of 34-0-0 and 100 Ibs. of 0-0-60. Top dressing was applied in early spring as
200 Ibs. of 34-0-0. Mowing alleys both parallel and perpendicular to the direction of seeding
created plots 25 ft long and 10 ft (ARC) or 15 ft (SEPAC) wide. Both experiments were set
up as a randomized complete block with four replications.
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Disease developed from natural inoculum. Fungicides were applied with a CO,-pressurized
sprayer that delivered 40 gpa at 40 psi, with a hand-held boom that had 8 (ARC) or 14
(SEPAC) TJ 60-8002 nozzles spaced at 14 in. Fungicides were applied at flag leaf emer-
gence (GS 37) and beginning of anthesis (GS 61) at ARC and at early boot (GS 43) and full
head emergence (GS 59) at SEPAC. Intensity of foliar disease was visually estimated on a
whole-plot basis. Incidence of Fusarium head blight was estimated by counting the number
of blighted heads in 10 arbitrarily selected 1-ft lengths of row and expressing these counts
as a percentage of the average number of heads per foot of row.

Plots were combine-harvested on 23 June at ARC and on 29 June at SEPAC. Grain was
dried to 13% moisture after which yield and test weight were measured. Approximately
1500 kernels from each plot from the ARC experiment were inspected for incidence of
visible scab. Grain samples from each plot at both locations were sent to Dr. Pat Hart at
Michigan State University for determination of DON content.

RESULTS AND DISCUSSION

Powdery mildew, leaf rust, and Septoria and Stagonospora leaf blotches were not severe at
either location. Nonetheless, most treatments except the Cornell biological control agents
reduced severity compared to the untreated control. Incidence of Fusarium head blight was
low at SEPAC and moderate at ARC. No treatment at SEPAC reduced incidence compared
to the untreated control. At ARC, Caramba, Stratego, and Folicur + Induce, when applied at
GS 61, reduced head blight incidence significantly (Table 1). Four treatments at ARC re-
duced the percentage of scabby kernels compared to the untreated control. Five treatments
also reduced the level of DON in grain, three of which were among those that reduced
incidence of scabby kernels. At SEPAC, DON levels were generally lower than those at
ARC, and no treatment had less DON than the untreated control. Several treatments, how-
ever, had significantly greater levels of DON than the untreated control. These were mostly
treatments that included a strobilurin fungicide with no added Tilt. The correlation between
visibly scabby kernels and DON level, calculated on a plot basis for the ARC experiment,
was significant, but low (R=0.41). Percentage of scabby kernels was not calculated for the
SEPAC trial because the incidence appeared to be very low.

Yields at SEPAC were high, but those at ARC were mediocre. The differences in severity of
leaf rust and head blight incidence would not likely account for this difference. The range in
average yields at ARC was 18.4 bu/A and at SEPAC was 14.8 bu/A. Only one treatment at
ARC (Caramba) yielded significantly more than the untreated control. No treatment yielded
significantly more than the untreated control at SEPAC. There was no correlation between
yields for the same treatments at the two locations. However, plots that received the
Caramba treatment had the highest average yield at ARC and the second highest yield at
SEPAC. In contrast, the Cornell biological 1 treatment had the highest yield at SEPAC but a
poor yield at ARC. There were no significant differences in test weight at either location.
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Table 1. Fusarium head blight incidence, yield, and scab severity in Clark soft red winter wheat treated with
various fungicides at the Purdue Agronomy Research Center (ARC) and the Southeast Purdue Agricultural Center
(SEPAC) during 2000

ARC SEPAC
Scabby

Treatment, rate per acre, FHB' Yidd kernes DON FHB® Yidd DON
and growth stage % BUWA % ppm % BWA  ppm
BAS5009fl oz +

MSO 1%, GS 37 ...oocveeeerrreseeeereeen 54 53.1 20 2.7 2.7 86.3 11
BAS500 12fl oz +

MSO 1%, GS 37 ....cocvvreveeeeeeas 6.7 524 2.8 2.2 32 810 0.8
BAS5009fl oz +

Agridex 1%, GS 61 ........cccceevveeeererenne. 49 56.9 2.6 2.8 41 83.3 17
BAS50012fl oz +

Agridex 1%, GS61........cccccoevverreernnes 52 529 19 2.4 22 836 13
BAS5006fl oz +

Folicur 3.6F 2fl oz +

Agridex 1%, GS 61 ........ccccevvveevererene. 51 55.6 1.3* 1.2* 29 84.5 12
Caramba 13.5fl 0z, GS61 ........cccecocveveneee 2.7 63.1* 0.9* 0.9* 32 934 0.5
Cornell biological 1, GS61.........ccecvvvrurnee. 54 489 2.0 1.6* 22 945 0.7
Cornell biological 2, GS61.........ccccvvurunee. 6.3 447 12* 1.9 29 819 0.9
Folicur 3.6 EC4fl oz +

Induce 0.06 % v/v, GS37 .......ccenee. 55 518 18 2.4 28 797 0.9
Folicur 3.6 EC 4 fl oz +

Induce 0.06 % v/v, GS61.................... 3.3 535 1.1 1.4* 25 927 0.7
Quadris2.08 EC 6 fl 0z, GS 37..........c....... 6.6 54.6 21 2.2 28 845 11
Quadris2.08 SC 9fl oz +

Benlate 4 0z, GS61 ......cccevevevveverernne 52 57.1 20 31 31 85.1 13
Stratego 2.1 EC 14 fl oz +

Induce 0.06%, GS61.......ccevevrrrrenene 4,0 552 16 1.4* 31 931 0.7
Tilt .6 EC4fl 0z, GS37....ccecvevveercrerenene 57 584 2.2 2.1 23 844 0.6
Tilt 3.6 EC4fl oz +

Induce 0.06, GS 37......ccccovvvvrerverrernnnnnn 52 522 2.3 2.1 21 938 0.8
Tilt 3.6 EC4fl oz +

Induce 0.06 %, GS61.........cccceevevenenne. 49 558 15 18 22 851 0.7
Untreated.........cooeeveeveeveceeeee e 6.4 555 2.2 2.6 26 863 0.5
(RS DY (001 ISP 15 75 0.7 0.8 15 124 0.5

Within a column, vaues followed by an asterisk are significantly (P=0.05) lower (FHB, scabby kernels, or DON) or higher
(yield)) than the value for the untreated control.

At ARC, GS 37 treatments were applied 28 April; GS 61 treatments were applied 10 May, except for the Cornell biological
treatments, which were applied 12 May.

At SEPAC, “GS 37" treatments were actually applied at GS 43 (25 April) and “GS 61" treatments were actually applied at
GS59 (5 May).

'FHB = Fusarium head blight. Disease incidence (percentage of spikes showing symptoms) was rated 5 Jun at SEPAC and
6 Jun at ARC.
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IDENTIFICATION OF BIOPROTECTANTSFOR
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ChrigtineA. Stockwel1*, Gary C. Bergstrom* and Wilmar C. daLuz?
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OBJECTIVES

To identify microbial bioprotectants effective in controlling Gibberella zeae when applied to
cereal spikes, seed, or crop residue, and to evaluate bio-compatible chemicals for their ability
to interfere with perithecial development or ascospore release when applied to crop residue.

INTRODUCTION

There is a need for safe, affordable and efficacious biological and bio-compatible
protectants in the integrated management of Fusarium head blight (FHB) caused by the
pathogen G. zeae.

Screening of microorganisms to control FHB was initiated in Brazil over a decade ago (Luz
1988). In a glasshouse trial, an endospore-forming bacterial isolate not only reduced FHB
on wheat but also reduced by 10-fold the contamination of grain with the mycotoxin
deoxynivalenol (DON) (Stockwell et al., 1997). DON reduction, from a New York producer
viewpoint, is the most important potential effect of bioprotectants.

We have evaluated candidate biological and bio-compatible protectants for use as a protec-
tive spray at flowering-time, and as seed and residue treatments. By these studies we intend
to advance biological control of FHB of wheat closer to the ultimate goal of commercial
application.

MATERIALS AND METHODS

A culture collection was assembled with organisms isolated from environmental sources in
New York and 19 elite Brazilian accessions provided by Dr. Wilmar Luz of Embrapa Trigo.
Emphasis was placed upon the selection of organisms which are likely to be robust under
harsh field conditions. This resulted in the isolation and preservation, in 15% glycerol at -
80°C, of 120 candidate biocontrol organisms from 70 different sources.

In vitro and glasshouse evaluations - A substantial portion of the biocontrol culture collec-
tion has been screened for antibiosis to G. zeae. Several of the more promising isolates
were tested in a series of glasshouse experiments. Two of these experiments were designed
to determine the optimal conditions for G. zeae infection and efficacy of the elite biocontrol
isolate, TrigoCor 1448. The goal of additional glasshouse experiments was to evaluate other
promising isolates for their ability to reduce FHB under controlled environmental conditions.
Wheat heads in anthesis were sprayed to run-off with water (control) or a bacterial suspen-
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sion (72 hour-old culture grown in nutrient broth with yeast extract [NBYE]) and allowed to
air dry for 24 hours before inoculation with a conidial suspension (10° cfu/ml) of G. zeae
macroconidia. Plants were incubated for 24, 48 or 72 hours under constant mist before
being transferred to the glasshouse where they were rated for disease incidence 6 to 10
days after inoculation. Treatments were replicated 5 times.

Anthesis-time spray - Three elite biocontrol bacteria and one bio-compatible fungicide were
added as treatments to the Uniform Fungicide Trial conducted at Aurora, NY. In this same
trial, TrigoCor 1448 was combined with tebuconazole (4 fl oz Folicur) to determine if the
combination would give enhanced FHB control over either treatment alone. Bacteria were
grown for 24 hours in NBYE plus manganese (2-4 X 108 cfu/ml) and diluted 50% for applica-
tion. Treatments were applied at flowering (Feekes 10.5.1) using a tractor-mounted sprayer.
Pathogen inoculum was from natural sources supplemented by ascospores released from
G. zeae-colonized maize kernels scattered between the plots 3 weeks prior to flowering.
Plots were assessed for disease incidence, % Fusarium damaged kernels (fdk), test weight,
yield and DON content. Treatments were replicated 4 times and arranged in a randomized
block design.

In order to evaluate additional promising biocontrol isolates under field conditions, 10 or-
ganisms and three binary combinations were applied to small plots (two adjacent rows 36
inch in length) in a separate ‘mini-plot’ experiment. Treatments, applied at anthesis using
hand sprayers, were replicated 5 times and arranged in a randomized block design.

Seed treatment - The bioprotectant TrigoCor 1448 was included at three concentrations
(10°, 10%° and 10** cfu/100 Ibs seed) as part of a larger field trial on the effect of seed treat-
ments on seedling emergence, seedling weight, and grain yield of hard red winter wheat (cv.
‘Crimson’) with 25-32% incidence of seed infected with G. zeae. The bioprotectant was
grown in broth (NBYE) with agitation, centrifuged and the pellet resuspended in 15 ml water.
The treatments were coated onto the seeds and allowed to air-dry. Treatments were repli-
cated four times and arranged in a randomized block design.

Debris treatment - Fourteen treatments (9 candidate biocontrol organisms, three bio-com-
patible chemicals, and an nontreated control) were applied to artificially-infested maize
stalks and grain by immersing the plant tissue in the bacterial suspensions or chemical
solutions for 3 minutes with constant agitation. Treated material was allowed to air-dry. In
December 1999, the samples were placed in nylon pouches, arranged on the ground in a
randomized design and allowed to overwinter under ambient field conditions. Samples were
collected in Spring 2000 and were kept frozen until evaluated. Plant tissue was placed on
moistened filter paper covered by an inverted plate of Komada’'s medium and incubated at
room temperature under fluorescent UV lights for a maximum of 14 days. Perithecia were
counted completely or with the use of a sampling grid. Ascospore discharge was deter-
mined by the presence of colonies of G. zeae on the surface of the agar.
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RESULTS AND DISCUSSION

Glasshouse evaluation of biocontrol isolates

a) Timing - Incubation of wheat plants for 48 hours in a mist chamber following inoculation
with a spore suspension (10° cfu/ml) of G. zeae macroconidia resulted in high incidence of
infection (75% and 96%) and adequate seed set. Treatment of the wheat with TrigoCor 1448,
24 hours prior to inoculation with the spore suspension, reduced FHB incidence by 15 and
22% in the two experiments and increased 100-seed weight by 13 and 45%. TrigoCor 1448
was included as a benchmark in subsequent glasshouse evaluations of other candidate
biological control organisms.

b) Isolate evaluation - Treatment with TrigoCor 1448 (average of five experiments) resulted
in a 33.5% decrease in disease incidence and a 29.5% increase in 100-seed weight when
compared to the nontreated control. Treatment with TrigoCor 4712 gave a 93% increase in
100-seed weight (average of two experiments). Several other isolates showed promising
results as well. In the one glasshouse experiment analyzed for the presence DON toxin,
treatment with TrigoCor 1448 and TrigoCor 4712 reduced the toxin content of the seed by 27
and 71%, respectively, compared to the nontreated control.

Anthesis-time spray - Two of the three bacterial isolates (TrigoCor 1448 and TrigoCor 4712)
tested in the Uniform Fungicide trial at the New York location gave slight reductions in the %
incidence of scabby heads and % fdk, although test weight and yield were not significantly
different from nontreated. TrigoCor 1448 reduced FHB incidence and DON content 17 and
23% respectively, compared to the nontreated control. When Folicur (4 fl 0z) was combined
with TrigoCor 1448, % incidence of scabby heads and % fdk was the lowest and test weight
the highest of any of the 12 treatments included in the trial. This combination reduced FHB
incidence by 38% and DON contamination by 25% compared to nontreated wheat.

Significant effects of biocontrol agents on FHB were not demonstrated in the ‘mini-plot’
experiment, possibly due to the restricted plot size.

Seed treatment - TrigoCor 1448 at 10*! cfu/ 100 Ibs seed increased seedling emergence but
to a lesser extent than Raxil-Thiram. No treatment of scabby seed had a significant effect on
seedling weight, test weight or grain yield.

Debris treatment - In nodal tissue of maize, only treatment with acetic acid (5% v/v) resulted
in the complete absence of perithecia. All other treatments resulted in higher numbers of
perithecia and ascospore discharge than the control (water). Internode stem pieces and
kernels which were collected from the field site at later dates were in more advanced states
of decomposition, but those treated with acetic acid also did not produce any perithecia
when incubated under favorable laboratory conditions.

DISCUSSION

The modest success of biocontrol of FHB in the glasshouse and the field with the elite
bioprotectant TrigoCor 1448 suggests the potential of bioprotectants as a component in an
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integrative approach to FHB control. Combination of the bioprotectant with a chemical
fungicide gave promising results. At the same time, despite excellent spray coverage and
nearly perfect spray timing, no treatment reduced FHB or DON levels as dramatically as
required for agriculture application. Reduction in disease incidence in biocontrol field tests
falls within the range reported by other groups (Boehm et al., 1999; Luo and Bleakley,
1999). Future efforts will be focussed to gain a better understanding of the FHB biocontrol
process and to improve efficacy of elite bioprotectants alone or in combination with chemi-
cal fungicides.

The complete inhibition of perithecial production by acetic acid (5% v/v) has redirected the
search for effective products to control perithecial development and ascospore discharge. In
future trials, infested maize debris will be treated with organic acids in a range of concentra-
tions.
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EFFECTSOF RAINFALL AND TEMPERATURE ON PRODUCTION OF
PERITHECIA BY GIBBERELLAZEAE IN FIELD DEBRISIN MICHIGAN
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OBJECTIVES

As Gibberella zeae infects during crop flowering, knowledge of the timing of formation of
perithecia in the field is important in designing novel control methods. To evaluate the timing
of perithecium formation, we collected wheat and corn stubble from commercial fields year-
round from 1997 to 2000. We analyzed the timing of perithecium formation relative to local
temperature and rainfall.

INTRODUCTION

Gibberella zeae produces Fusarium Head Blight (FHB) on wheat, barley and corn. FHB is
considered to be primarily a monocyclic disease due to the small window of susceptibility of
the affected crops. G. zeae produces two types of spores: the sexual ascospores and the
asexual conidia. Ascospores are known to forcibly discharge from perithecia forming on
crop debris and become airborne. Ascospores serve as one of the main sources of inoculum
of head blight; the role of the conidia in infection is unclear (Fernando et al., 1997; Parry et
al., 1995; Sutton and Proctor, 1982). Airborne spores land on flowers, germinate and pen-
etrate the glume stomata (Pritsch et al., 2000), and spread throughout the wheat head
resulting in chlorosis of infected kernels (Parry et al., 1995; Sutton, 1982). Favorable condi-
tions for disease outbreaks coincide with extended periods of high relative humidity (RH)
and warm temperatures (24 - 29°C). (McMullen et al., 1997a).

Perithecium formation in G. zeae and other fungi favor surfaces that are exposed to direct
light (EI-Gholl et al., 1979; Halama and Lacoste, 1992; Khonga and Sutton, 1988; Reis,
1990b). Near ultra-violet (UV) light and RH may be significant factors in triggering perith-
ecium development in G. zeae (Paulitz, 1996). The perithecia of G. zeae are ephemeral.
Under laboratory conditions, a perithecium forms and discharges its ascospores within two
weeks of induction (a solution of Tween 80 is added to the surface of hyphal cultures to
stimulate perithecium formation) (Klittich and Leslie, 1988; Trail and Common, 2000). There-
fore, presence of perithecia closely coincides with the presence of ascospore inoculum.

MATERIALS AND METHODS

Field collection. Between June 1997 and March 2000, thirteen commercial fields that had
experienced previous outbreaks of FHB were surveyed in Ingham County, Michigan. The
traditional order of crop rotation is corn, soybean, and wheat, however rotation patterns often
varied. Fields containing wheat or corn stubble from the previous year’s harvest were
sampled. A decreasing number of wheat fields were sampled in 1999 and 2000 due to
wheat being dropped from the crop rotation on many farms.
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Debris samples that had visible signs of fungal fruiting structures were collected monthly
unless impeded by snow cover. During the period of wheat flowering, sampling was in-
creased to two-week intervals. Eight locations were sampled along transects in each field in
a diamond pattern (two locations on each side of the diamond). The length of transects were
scaled to the acreage of each field. Debris at each location was examined for the presence
of fungal fruiting bodies. Samples within a 25-foot radius of each location were examined
and four pieces of debris (at least 3 inches long) exhibiting symptoms of fungal infestation
were collected from each location. Samples were stored in plastic bags at —20° C prior to
analysis. Daily weather data, from the nearest National Weather Service (NWS) station at
the Lansing Capitol Airport, was obtained from the National Oceanic and Atmospheric
Administration National Climatic Data Center (NOAA-NCDC) database (NOAA-NNDC,
2000). All fields were within a 60-mile radius of the NWS station.

Identification. Each corn or wheat stubble sample was microscopically examined at 70X
magnification for the presence or absence of perithecia. All pieces of debris were examined,
the presence of one or more perithecia positively identified as G. zeae was designated as a
positive occurrence for that location and sample. Species identification was confirmed by
perithecium wall structure, color and ascospore morphology at 400X as described by
Nelson et al. (1983).

Data Analysis. Data was expressed as a proportion of samples with G. zeae perithecia per
total samples collected. The proportion of samples with perithecia was evaluated against
calendar days. Wheat stubble samples were not included in analyses due to the low number
of perithecia in these samples.

The distribution of proportion data was normalized with the arcsine square root transforma-
tion. All analyses were performed using PROC REG of SAS version 7.0 (SAS Institute,
Cary, N.C.). Single factor regression analysis was used to evaluate the effect of rainfall and
temperature. A stepwise regression analysis for all variables was used to determine if
combined variables increased correlation. In all cases the y-intercept of the regression was
forced through 0. Variables used are defined in Table 1.
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Table 1. Variables for regression analysis.

Designation ~ Time period

T4 Average daily temperature 1 — 7 days preceding
sampling

T7 Average daily temperature 4 — 10 days preceding
sampling

T14 Average daily temperature 11 — 17 days preceding
sampling

R4 Average daily rainfall 1 — 7 days preceding sampling

R7 Average daily rainfall 4 — 10 days preceding

R14 Averé\ge daily rainfall 11 — 17 days preceding
sampling

RESULTS AND DISCUSSION

Of the 2186 samples collected, 272 were found to have perithecia of G. zeae (Table 2). Over
the three years sampled, the highest proportion of samples with perithecia were found
during the summer months. There was a peak in the proportion of samples containing
perithecia in May of 1997 and 1998, just prior to wheat flowering. In 1999, the peak occurred
in July after heavy rainfall in late June and early July (approximately 7 in). Rainfall in May
(near the time of wheat flowering) was minimal (approximately 1.7 in.) and may have de-
layed perithecium formation until conditions became more favorable in June and July. Al-
though it is likely moisture also plays a role in perithecium formation (Paulitz, 1996), the
rainfall data used in this study was collected 25 — 60 miles away from the field sites and
may not adequately represent field conditions.

Approximately 83% of the total samples with perithecia were found on corn debris. Thus,
corn stubble was the predominant substrate for perithecium formation of G. zeae. However,
the disease outbreak of FHB in wheat fields was minimal in 1998 and 1999 due to hot, dry
conditions during the spring (Hart, 1998; 1999). Weather conditions that decreased coloni-
zation of the wheat plants would have resulted in lower numbers of perithecia on wheat
stubble.

Both T4 and T14 (Table 1) were highly correlated with the proportion of mature perithecia
with each temperature variable explaining approximately 50% of the variance (Table 3).
However, combining T4 and T14 into a single model did not improve the overall correlation
due to the fact that the two appear to covary. Surprisingly, none of the relative humidity
variables were significantly correlated with perithecial maturation. Thus, multiple regression
involving temperature and relative humidity did not improve the regression coefficient be-
yond that explained by T14 alone. Temperatures below 9°C appeared to inhibit perithecium
formation (Table 3). If data points of T14 below 9°C are removed from the analysis, the R?
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value of T14 increases to 0.73. These data closely parallel the two-week cycle of develop-
ment and maturation of perithecia in the lab (Trail et al., 1998). The data did not show a
limiting high temperature for perithecium formation.

Table 2. Corn and wheat debris containing G. zeae perithecia.

Dates of Average | No. No. Total | Total [ No.corn No.
collection no. of corn wheat [no.corn] no. | samples| wheat
fields | fielgs' | fields |samples wheat w/ samples
samples|perithecig  w/
perithecia
Spring 1997 10 8 2 320 80 31 1
— Fall 1997
Fall 1997- 11 7 4 368 312 40 24
Fall 1998
Fall 1998- 9 7 2 684 200 161 6
Fall 1999
Fall 1999- 8 5 2 160 62 9 0
Winter 2000
TOTAL 38 27 10 1532 654 241 31

1. Corn and wheat fields are defined here as those fields containing corn or wheat debris. Depending
on the time of year the debris was collected, these fields may have been planted in another crop. At
each fall harvest, the fields were redefined according to the fresh debris.

In summary, our results indicate that perithecium formation is limited by average daily tem-
peratures below 9°C, and that corn stubble may be the predominant substrate for perith-
ecium formation in G. zeae in Michigan. Perithecium formation may also be linked to day
length and solarization (EI-Gholl et al., 1979; Halama and Lacoste, 1992). Further studies
that monitor on-site weather conditions and controls for factors such as plant variety, pesti-
cide and fertilizer applications, and initial inoculum are needed to construct a predictive
model for G. zeae perithecium development.
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Table 3. Effect of temperature on development of perithecia

Condition at days prior F value P>F Adjusted R

to collection

T4 32.34 0.0001 0.5281

T14 30.53 0.0001 0.5133

T14 (9° C threshold) 50.87 0.0001 0.7348
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AND SEED QUALITY
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OBJECTIVES

1) Determine the time of infection of Fusarium graminearum during wheat seed develop-
ment and its effect on the production of DON and seed quality.

2) Investigate effect of disease tolerance and susceptibility on severity of seed infection
INTRODUCTION

Head scab caused by Fusarium graminaerum (Schwabe) has caused significant losses in
the soft red winter wheat crop in Kentucky and in small grain crops in many regions of North
America. Damage from head scab results in reductions in seed quality, emergence, and
yield of wheat. In addition, losses in food-grain quality are caused by production of fungal
mycotoxins, specifically vomitoxin (deoxynivalenol = DON). Relatively little information is
available regarding when peak infection occurs during seed development and maturation
and how these infection levels relate to the production of DON and the eventual seed germi-
nation and vigor. Considering that the seed is the delivery system for improvements in
germplasm and the source for regeneration of new cultivars, it provides a vital link between
the FHB research initiative and the farmer. This study will determine the effect of fungal
infection during wheat seed development and maturation on the production of DON and on
seed germination and vigor. This could have direct application regarding the timing of har-
vest for both seed and grain producers to achieve maximum seed and grain quality, as well
as providing preliminary information on genetic tolerance to seed infection during seed
development.

MATERIALS AND METHODS
Field plot establishment and environment

Replicated plots of four soft red winter wheat cultivars, two susceptible (Roane, Pioneer
2552) and two tolerant (Coker 9474, Pioneer 25R18) were established following corn in a
chisel plowed and disked seedbed on Spindletop Farm in Lexington, KY in October of
production year1999-2000. This study was conducted as part of the uniform southern scab
nursery. The corn seed inoculation procedure was modeled after the method of Paulitz
(1996) and inoculum was distributed among field plots on April 24. An irrigation schedule
initiated on April 28, 2000 continued throughout seed development to stimulate FHB epi-
demic conditions. Air and canopy temperature were recorded, as well as temperature in the
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developing heads of two cultivars as described in Panozzo et al., (1999). Plots were mist-
irrigated twice daily until May 26. At anthesis (Feekes 10.2), spikes in each replication of
each cultivar with anthers extruded in mid-spikelet were identified. At ten days after anthesis
(DAA) seventy-five previously marked spikes were harvested, with harvesting continuing at
four-day intervals through harvest maturity (HM, ~14 % seed moisture, fwb).

Seed Development

Fresh weight, dry weight and seed moisture were determined at each harvest for all variet-
ies. In addition, seeds were also assigned a numerical rating as an indicator of disease
severity and classified as normal=3, slightly shriveled or discolored=2, and white tomb-
stone=1.

Seed Assessment

Floral structures (glumes, lemma, palea, caryopsis) of Pioneer 2552 were evaluated for
infection at each harvest date. Ten consecutive spikelets from each spike were numbered,
and the basal glume and floret in each of the ten spikelets was removed for evaluation. The
ten fresh, complete florets were separated into glume, lemma, palea, and caryopsis, surface
sterilized, plated on Komada medium, and evaluated for Fusarium spp. infection approxi-
mately fourteen days later. The remaining three varieties were evaluated for seed infection
only.

Seed quality

Seed from twenty-five spikes of each harvest was submitted to laboratory of L. P. Hart,
Michigan State University for analysis of deoxynivalenol (DON) as described previously
(Hart and Brazelton, 1983). Standard germination, accelerated aging germination, a stress
vigor test, and the conductivity test for membrane integrity were conducted according to the
Association of Official Seed Analysts (AOSA, 1999) guidelines.

RESULTS AND DISCUSSION

Physiological maturity (PM, maximum seed dry weight) occurred between 40-45% seed
moisture (dwb) for all varieties. Roane and P25R18 reached PM 17 and 6 days respectively
before the highest Fusarium spp. seed infection levels (Figure 1). Similar trends were shown
for P2552 and Coker 9474, with PM at 51 and 30 DAA (data not shown). Peak infection
occurred between 22-28% seed moisture in three of four varieties. The average infection by
Fusarium spp. in floral parts from seven harvests of P2552 ranged from 25% on Jun. 8 to
over 90% on Jun. 16 (Fig. 2). Seed infection followed similar trends, ranging from 20-68%,
and was significantly lower than other floral structures at harvests four and five.

The cultivar, P2552 was most susceptible to infection (19-67%), but this susceptibility had
little impact on measures of seed quality (Table 1). Germinability of seeds from all harvests
and all varieties was generally high. Weak correlations between both laboratory quality tests
(standard germination (SG) and accelerated aging vigor (AA)) and seed infection percent-
age were observed for all varieties. Accelerated aging germination was higher than SG,
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which would indicate the fungus was killed during aging at 41°C. A moderate relationship
was observed for Roane and P2552 when visually assigned seed infection was correlated
with actual seed infection by Fusarium spp.(data not shown).

Individual head and whole plant canopy temperature data taken from Jun. 9 to Jun. 26
(Figure 3) show similar minimum and maximum temperatures during cooler, rainy condi-
tions. However, in warmer and drier conditions, temperature differences in the head ex-
ceeded those in the canopy by 3-4°C. Temperature and irrigation provided a favorable
environment for infection, but no significant disease pressure was observed in any variety
until early to mid June (Figure4). Significantly higher levels of seed infection were observed
in P2552 for the final 3 harvests, while Roane and P25R18, exhibited intermediate seed
infection levels.

The retention of high seed quality in our study with significant seed infection late in the field
season suggests many of the infections were late and mostly superficial, leaving a some-
what depleted seed, but a viable embryo. The absence of significant disease pressure at
flowering and throughout early development can be attributed to late placement of inoculum,
delaying ascospore maturation, and resulting in minimal infection at anthesis. This study will
be repeated for the 2000-2001 production year using the same experimental procedures.
Inoculum will be placed in field plots earlier to stimulate more severe disease conditions in
early reproductive development.
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Figure 2. Infection of floral components over 7 harvests in Pioneer 2552.
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Table 1. Seed development and quality characteristics for Pioneer 2552

Date

8-Jun
12-Jun
16-Jun

Visual seed
FHB rating
score

2.6
2.7
2.3

Drywt. Seed moist. (%) Fusarium SG (%) AA (%)100

(g/sd) (%) 100sd 100 sd sd
0.641 475 20 91 91
0.79 43.1 19 91 94
0.779 37.9 32 88 97
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ARE GIBBERELLA ZEAE SEXUAL SPORESTHE CRITICAL
INOCULUM FORWHEAT HEAD BLIGHT?
Daren W. Brown', Sung-Hwan Yur?, TheresaLee?, B. Gillian Turgeor?, and Anne E. Degardinst

IMycotoxin Research Unit, NCAUR, USDA/ARS, Peoria, IL, 61604,
2Department of Plant Pathology, Cornell University, Ithaca, NY, 14853
*Corresponding author: PH: (309) 681-6379, E-mail: browndw@mail.ncaur.usda.gov

ABSTRACT

Gibberella zeae (anamorph Fusarium graminearum) causes scab (blight) in wheat and
barley, and ear rot in corn. Since 1991, epidemics of Gibberella head blight have struck the
Midwestern states with disastrous effects on wheat and barley growers. The fungus de-
creases yields and also contaminates grain with trichothecene mycotoxins that are harmful
to human and animal health. To understand and control head scab, the factors and condi-
tions that lead to epidemics must be identified. We propose that the sexual spores of
Gibberella zeae play a important role in head blight epidemics. We will test this hypothesis
by deleting critical genes required for sexual spore development (ascospores) and examine
the resulting strains under field conditions for their effect on disease progression on wheat.
If ascospores are the major inoculum source, than we predict that exposure of wheat to a
MAT-null strain will result in significantly less disease than exposure to a wild-type strain.
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W.R. Bushndl|**, R.W. Skadsen?, S. Lewandowski?, T. Seeland!, and D.E. Krueger!

IUSDA-ARS, Cereal Disease Laboratory and University of Minnesota, St. Paul, MN, 55108;
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ABSTRACT

With the objective of understanding pathogenesis in tissues invaded by Fusarium
graminearum, we are using a transformed strain of the fungus containing a constitutively-
expressed gene for green fluorescent protein (GFP) in a model detached leaf system. Seg-
ments 2 cm long are cut from seedling leaves of Robust barley and placed on agar contain-
ing 60ppm benzimidazole. The segments are inoculated through a cut end with mycelium
growing from 5x5mm squares of dialysis membrane. The fungus is viewed by
epifluorescence microscopy in living tissues of intact segments or from sections cut from the
segments either free hand with a razor blade or with a Vibratome. With these techniques,
the fungus is readily visible on the leaf surface, beneath the cuticle, and beneath the epider-
mis in intercellular spaces of the mesophyll. In 12 separate experiments, we followed the
development of the fungus for 4 days as it progressed along the segments from the inocu-
lated cut end. By 3 days, surface hyphae advanced 2.4 mm from the cut end; intercellular
hyphae, 1.6 mm; and intracellular hyphae, 0.6 mm. At 3 days, chlorosis extended 0.9 mm
from the cut end. The intercellular hyphae extended well into living tissues, 1-2 days ahead
of chlorosis and intracellular hyphae, confirming that the fungus initially establishes a
biotrophic relationship with living leaf tissues. However, the GFP-labeled fungus became
difficult to see in chlorotic tissues because these tissues became highly autofluorescent.
We have not been able to visualize how the fungus enters host cells to become intracellular
or determine whether the host cells are alive at the time of entry. To help see the fungus in
chlorotic tissue, we have sectioned resin-embedded leaf segments and stained the sections
with methylene blue/azure |, followed by basic fuchsin. The fungus stains lavender and is
visible in either longitudinal or cross sections. Using both fresh and resin-embedded tissue,
we will further investigate the transition from intercellular to intracellular growth. The tech-
niques are also being used to investigate infection processes and pathogenesis in barley
florets.
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VARIATION IN FUSARIUM GRAMINEARUM ISOLATESFROM NEPAL
ASSOCIATED WITH THEIRHOST OF ORIGIN
J. P. Cartert, H. N. Rezanoor?, A. E. Degardins?*, and P. Nichol son*
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2USDA-ARS Mycotoxin Research Unit, Nat. Center for Agr. Utilization Research, Peoria L, 61604
*Corresponding author: PH: (309) 681-6378, E-mail: degarae@mail.ncaur.usda.gov

ABSTRACT

A collection of group Il Fusarium graminearum isolates obtained from maize, wheat, and
rice from different locations in Nepal was identified using a combination of morphological
and molecular criteria. The variation within this collection was analyzed using RAPD mark-
ers, IGS RFLP and PCR polymorphisms. The isolates divided into two groups, designated
A and B, by RAPD analysis. Isolates in group A yielded four different PCR polymorphic
markers but all of the isolates in group B yielded a single polymorphic marker. The IGS
RFLP analysis was consistent with the division of the isolates into the two groups. Isolates
from wheat and rice were more frequently placed in group A, with isolates from maize more
evenly distributed between the two groups. Results indicate that host preference might be a
factor in the division of the isolates, although the year of isolation may have had an influ-
ence as well. No geographical factors or agricultural practices could be identified that could
account for the observed variation.

(Plant Pathology 2000, 49:1-10)
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PREDICTION OF FUSARIUM HEAD BLIGHT EPIDEMICS
E.D. DeWolf*, L.V. Madden, and PE. Lipps
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OBJECTIVES
Develop risk assessment models for wheat Fusarium head blight
INTRODUCTION

Nearly a century ago, the United States experienced a series of severe Fusarium head
blight epidemics (Adams 1921, Atanasoff 1920, Pugh et al. 1933). Plant pathologists noted
the severity of these epidemics and observed the apparent relationship between extended
periods of wet weather and disease severity. For many years, Fusarium head blight was not
reported to be a major problem in the U.S.; however, during the past decade many wheat
production regions have experienced a series of severe epidemics that have resulted in
tremendous losses to producers (McMullen et al. 1997). A disease forecasting system that
could provide a reliable and timely prognosis of disease is highly desirable.

Prediction of Fusarium head blight epidemics has been attempted in Argentina where
researchers used information collected over a number of years in small plots to identify
weather variables correlated with disease levels and developed linear equations to predict
the severity of disease (Moschini and Fortugno 1996). In North America, Francl et al. (1999)
emphasized the importance of both inoculum and environment to epidemic development.
De Wolf et al. (2000), used weather and disease information collected in Ohio from 1982
through 1999 to identify critical environmental periods and develop risk assessment models.
We report here on the expansion of this modeling effort to include data from other wheat
production regions, and discuss progress in the development of risk assessment models for
wheat Fusarium head blight.

MATERIALS AND METHODS

Information was collected from records maintained at Ohio, North Dakota, Missouri, and
Kansas. Weather variables included hourly temperature (EC), relative humidity (%) and
precipitation (mm) observations, and researchers provided the corresponding mean disease
levels from each location. The total data set consisted of 50 location-years (number of
locations x the number years), and represented two wheat classes and three distinctly
different environments in which wheat is grown in the U.S (Table 1).

Hourly weather data were used to create a data set of various representations of tempera-
ture, relative humidity and precipitation information from each year. Representations of
weather included averages, minimums, maximums, and durations of favorable temperature,
relative humidity and rainfall. Variables that combined temperature and RH into single
variable were also evaluated. Each variable was summarized for two presumed critical time
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periods. The first, 7 days prior to crop flowering, and the second, 10 days after initial flower-
ing. All variables were rescaled between zero and one to facilitate the calculations of inter-
action terms later in the analysis. Disease intensity level or yield loss estimation (Kansas
data only) was coded as a binary variable in which a location-year with >10% field severity
or >15% vyield loss was considered to be a major epidemic (assigned the value of 1). Loca-
tion-years with less than this level of disease severity or yield loss criterion were concluded
to be no or minor epidemics (assigned the value of 0).

Correlation analysis was used to identify representations of weather variables potentially
associated with epidemic status. Variables with a Kendall correlation coefficient of <0.23
were dropped from the modeling process unless they were deemed to contain valuable
information not already represented by other variables with greater correlation coefficients.
This process reduced the number of potential independent variables from 49 to 25.

Variables identified in correlation analysis were then used to develop logistic regression
models for classifying the epidemics in the location-years. Variable selection was done
using a stepwise regression procedure. The stepwise procedure identified three variables
useful for the prediction of epidemics. Two of the variables were summaries of the environ-
ment 7 days prior to crop anthesis, and included the duration (hours) of precipitation
(DPPT7) and the duration of temperature within the temperature range of 15 to 30EC
(T15307). The third variable summarized the environment 10 days after the initiation of
anthesis. This variable was a combination of temperature and RH variables, and is defined
as the duration of time that temperature was between 15 and 30EC and corresponding RH
was >90% (TRH9010). The stepwise logistic procedure was repeated using these three
variables and their interaction terms. Variables and interaction terms are defined in Table 2.
In addition, logistic models with only single independent variables were evaluated to assess
accuracy of the models with individual variables. All models were evaluated by cross-
validation prediction accuracy (percent correctly classified observations). Errors of the
models with the highest prediction accuracy were analyzed to aid in the evaluation of model
performance. Sensitivity (% correctly classified epidemics) and specificity (% correctly
classified non-epidemics) also were determined for all the models.

RESULTS AND DISCUSSION

Cross-validation prediction accuracy of the logistic models ranged from 62% to 84% (Table
3). Four different models all correctly classified 84% of the 50 location-years from Ohio,
North Dakota, Missouri and Kansas. These models utilized differed independent variables
and had different levels of sensitivity and specificity. One of these four models used only the
temperature and humidity combination variable TRH9010. The other three models with 84%
prediction accuracy utilized at least one interaction term (product of two or three indepen-
dent variables). Each of the models incorrectly classified eight cases. The number of false
positives (falsely predicting a major epidemic) and false negatives (falsely predicting minor
or no epidemic) is specific to each model, but four cases were incorrectly classified by all
four of the identified models. Two of these four errors were false negatives. These errors
appear to be the result of favorable environmental conditions or limiting factors beyond the
critical time periods used by the models. Errors were not limited to a single state or location.
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Logistic models utilizing only single independent variables confirmed the importance of
environment during crop anthesis as critical to the development of Fusarium head blight
epidemics. Models that used only independent variables that summarized temperature
(T15307) and moisture (DPPT?7) prior to flowering were less accurate (Table 3). Moreover,
models that utilized interaction terms between pre and post-flowering environment had
prediction accuracies of less than or equal to that of the model that used TRH9010 variable
alone. Analysis of model errors indicated that variables summarizing environment prior to
anthesis may provide models with information about potentially limiting factors, specifically,
conditions that were unfavorable for inoculum production.

In some years, the environment during time periods other than those addressed by the
models may influence inoculum level and head colonization, thus further enhancing or
diminishing disease development and yield losses. However, we have shown here that
fairly narrow time periods around crop anthesis were very useful for predicting epidemics.
The usefulness of these models for making real-time disease forecasts will depend on the
availability and accuracy of weather forecasts.

The models with the highest level of accuracy as determined by this analysis will be further
validated with data collected during the 2000 growing season. It is possible that one of
these models or some other similar model will be used to provide wheat producers with
reasonably accurate regional Fusarium head blight forecasts. During these finial stages of
model validation it will be essential to develop the necessary infrastructure to operate the
risk assessment model(s) and deliver reliable disease forecasts at a regional level.

Table 1. Summary of information used to develop prediction models for wheat Fusarium
head blight.

State L ocation Years
Ohio Wooster 16
Ohio Hoytville 2
Ohio S. Charelston 1
North Dakota Fargo 7
North Dakota Cando 4
North Dakota Langdon 4
North Dakota Carrington 2
North Dakota Dazey 1
Missouri Novlity 5
Missouri Columbia 3
Missouri Lamar 3
Kansas Powhattan 2
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Table 2. Definition of independent variables and interaction terms utilized by logistic
models for forecasting wheat Fusarium head blight.

Variable Definition

TRH9010 Duration 15<T?<30 & RH">90 10days after flowering (hours)
T15307 Duration 15<T<30 & RH>90 7 days prior to flowering (hours)
DPPT7 Duration of rain 7 days prior to flowering (hours)

FHB1 (T15307*DPPT7)

FHB2 (DPPT7* TRH9010)

FHB3 (T15307* TRH9010)

FHB6 (T15307* DPPT7* TRH9010)

*Temperature (°C)

PRelative humidity (%)

Table 3. Cross-validation prediction accuracy for logistic models of wheat Fusarium
head blight developed with information from Ohio, North Dakota, Missouri and Kansas.

No. of var. ? Variable(s) Percent  Sensitivity ¢ Spexificity ©
Correct °
1 TRH9010 84 83 84
1 FHB3 84 83 84
2 FHB1, FHB6 84 72 91
2 FHB6, DPPT7 84 67 94
7 TRH9010, T15307, DPPT7, 82 78 84
FHB1, FHB2, FHB3, FHB6

2 FHB2, FHB3 82 72 88
2 FHB2, T15307 82 67 91
1 FHB6 80 72 84
3 TRH9010, T15307, DPPT7 78 72 81
1 FHB2 76 61 84
2 T15307, DPPT7 70 56 78
1 FHB1 64 44 75
1 T15307 64 33 81
1 DPPT7 62 11 91

*Number of variables used by the model

PPercentage of correctly classified epidemics and non-epidemic

“Percentage of correctly predicted epidemics

dPercentage of correctly predicted non-epidemics
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ABSTRACT

Gibberella zeae, which causes wheat Fusarium head blight, as well as corn stalk and ear
rot, has been a devastating pathogen in many crop production regions of the U.S. where
both wheat and corn are grown. The effects of temperature and moisture interactions on G.
zeae perithecia development have not been evaluated nor has perithecia development
been investigated on crop residues directly. Sensors used to continuously monitor crop
residue moisture were adapted for use with corn residues. These sensors are being used to
monitor moisture under controlled conditions. The quantity and rate of perithecia develop-
ment are currently being evaluated at 15, 25 and 30EC and three moisture levels. Sensors
are also being used to monitor residue moisture in a natural environment. Monitoring factors
that influence the reproduction of G. zeae on crop residues will provide information critical to
the development of reliable disease prediction systems and facilitate management recom-
mendations.
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OBJECTIVES

Develop a disease forecasting system for wheat Fusarium head blight based on the envi-
ronment and inoculum level.

INTORDUCTON

Fusarium head blight (FHB) has been a severe problem in many of the wheat production
regions of the United States (McMullen et al. 1997). The development of a reliable disease
forecasting system would greatly increase the ability of wheat producers to make disease
management and grain marketing decisions. Recent attempts to predict Fusarium head
blight have emphasized the importance of both inoculum and environment to disease
epidemics (Francl et al. 1999, DeWolf et al. 2000). However, the precise nature in which
environment and inoculum interact during epidemic development remains unclear. Coop-
erators in OH, IN, SD, ND, and MB have agreed to follow a common protocol to create a
forecasting model (De Wolf et al. 1999). We report here on how an infection bioassay may
provide important insights into the interactions of inoculum, environment, and the resulting
disease level.

MATERIALS AND METHODS

Adapted, FHB-susceptible cultivars were grown with standard agronomic practices in
replicated plots at Wooster, OH (Hopewell SRWW), Fargo, ND (Norm HRSW), and
Brookings, SD (Norm HRSW). The environment at each location was monitored by an
automated weather station equipped with temperature, relative humidity, precipitation, and
surface wetness instrumentation. Each day, 30 wheat spikes were collected from each plot
by cutting the stem just above the first node. Twelve spikes per plot were placed into a dry
growth chamber environment. A second group of 12 spikes was maintained in a saturated
environment (100% RH) for 24 h. Following the 24 h wet treatment, these spikes were
placed in the dry environment with the heads that had remained dry. Crop growth stage
each day was evaluated using the remaining heads. FHB incidence and severity of both
wet and dry spikes were recorded on the day of collection and after 12 days. For this report,
viable inoculum during the flowering and milk stages of crop development was estimated by
FHB incidence of the heads that received the additional moisture treatment. For compari-
son among locations and to judge epidemic intensity in each location, plot FHB incidence
and severity were evaluated during the early dough stage.
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RESULTS AND DISCUSSION

FHB intensity in the replicated plots at Fargo was the highest of the research locations
during the 2000 growing season (Table 1). Plots near Wooster had the least amount of
disease and plots in Brookings had a disease level intermediate to the Fargo and Wooster
locations.

The spike bioassay indicated that Wooster had lower estimated inoculum levels than Fargo
and Brookings, which were roughly equivalent (Fig. 1). Incidence at Fargo sharply in-
creased in association with precipitation on days 186 and 188; whereas, incidence at
Brookings was not strongly associated with a rainfall event.

Wetness parameters summarized from the beginning of anthesis and early milk stages of
growth indicate that precipitation was similar between Wooster and Fargo and Wooster had
the longest daily average wetness. The Brookings location had 43 mm less precipitation
and 9 h per day of wetness duration. Relative humidity was similar at all three locations.
Average temperature at Fargo and Brookings locations were equal; however, average
temperature near Wooster was 5 degrees lower than the Dakota locations.

Differences in disease level between the three locations can be attributed, in part, to differ-
ences in temperature and moisture parameters, which likely influenced inoculum levels and
infection periods. The low average temperature at Wooster may best explain observed low
levels of estimated inoculum and disease intensity since moisture parameters were at least
equivalent to the other locations. The high incidence levels on bioassays at Fargo and
Brookings suggest that inoculum was abundant. Differences between the Fargo and
Brookings locations in moisture levels during crop anthesis, specifically duration of surface
wetness, suggest that moisture may have been a limiting factor for FHB development at
Brookings.

These results demonstrate the importance of monitoring both inoculum and environment in
the development of FHB epidemics. As additional information is collected, modeling fluc-
tuations in inoculum level and infection periods based on environment should be possible.
This database development is quickened by our experimental approach that utilizes mul-
tiple locations.

Epidemiology and Disease Management
138



2000 National Fusarium Head Blight Forum

Table 1. Summary of environmental conditions at three research locations from begin-
ning of crop anthesis until early milk stages of growth and Fusarium head blight (FHB)
intensity in research plots at soft dough.

Variable Location
North Dakota  South Dakota Ohio
Avg. wetness duration (h) 12 9 15
Avg. temperature (C) 22 22 15
Avg. relative humidity (%0) 81 80 81
Totd rainfal (mm) 54 11 55
Plot FHB incidence (%) 60 38 8
Plot FHB severity (%) 31 25 4

Figure 1. Summaries of environment and incidence levels at research locations in North
Dakota, South Dakota, and Ohio.

North Dakota South Dakota Ohio
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Each series of plots gives the temperature (Temp), relative humidity (RH), precipitation
(PPT), wetness duration (WD), and proportional incidence level (Incidence). Viable in-
oculum on spikes in the field can be estimated from daily incidence because incidence
values were derived from a bioassay in which wheat pikes collected from field plots
were subjected to conditions favorable for infection by G. zeae. The * designates the
beginning of crop anthesis.

REFERENCES

De Wolf, E.D., Francl, L.J. Lipps, P.E. and Madden, L.V. 1999. Role of environment and inoculum level in wheat
Fusarium head blight development. Pages 87-91 in: Proceedings of the National Fusarium Head Blight Forum.
December 5-7, 1999.

De Wolf E.D., Madden, L.V. and Lipps, P.E. 2000. Risk assessment models for wheat Fusarium head blight.
Phytopathology 90:S19 (abstr.).

Francl, L., Shaner, G., Bergstrom, G., Gilbert, J., Pederson, W., Dil-Macky, R., Sweets, L., Corwin, B., Jin, Y.,
Gallenberg, D. and Wiersma, J. 1999. Daily inoculum levels of Gibberella zeae on wheat spikes. Plant Dis.
83:662-666.

McMullen, M., Jones, R. and Gallenberg, D. 1997. Scab of wheat and barley: a re-emerging disease of devas-
tating impact. Plant Dis. 81:1340-1348.

Epidemiology and Disease Management
140



2000 National Fusarium Head Blight Forum

AVISUAL SCALEFORESTIMATING DAMAGE TO SOFT RED WINTER
WHEAT KERNELSBY FUSARIUM HEAD BLIGHT
JessicaS. Engle, Erick D. DeWolf, and Patrick E. Lipps*

Department of Plant Pathology, The Ohio State University, Wooster, OH, 44691
*Corresponding author: PH: (330) 263-3843, Email: lipps.1@osu.edu

INTRODUCTION

Fusarium head blight (scab), caused by Fusarium graminearum, has become an increas-
ingly important problem in the United States due to an increase in crop acreage managed
using tillage practices that leave crop residues on the soil surface (3,5,6). In 1993, the
losses in United States wheat production to Fusarium head blight were estimated to exceed
$1 billion, and more recent epidemics have added to the relative importance of this disease

(6).

Infection by F. graminearum causes floret sterility and poor grain fill resulting in reduced
yield and test weight (1,2,4). Diseased kernels are often shriveled and may have a white or
pink discoloration. Affected grain may also contain mycotoxins, including deoxynivalenol
(DON, vomitoxin) and zearalone, that have detrimental affects on animal and human health
(2,7). Fusarium head blight also reduces seed quality. Seed that appears unaffected may be
contaminated with mycelium or conidia of F. graminearum, resulting in seedling blight and
foot rot when contaminated seed is planted (3).

Damage caused by Fusarium head blight can be quantified by assessing head disease
incidence and severity, grain mycotoxin level, and grain yields. Researchers, interested in
evaluating fungicide efficacy or the genetic resistance of wheat cultivars and breeding lines,
are also concerned with kernel damage. Estimations of kernel damage are also useful to
grain farmers and handlers required to assess grain marketability or feed value.

A visual scale estimating the percentage of affected kernels of hard red wheat has been
proposed by R. Jones and J. Jenkins, Department of Plant Pathology, University of Minne-
sota. This series of photographs, representing a range of damaged kernels from 0 to 50%,
were 1:1 reproductions of disease and healthy kernel mixtures on a 1000 kernel count
basis. This scale proved invaluable for making visual kernel assessments, but differences
between soft red wheat and hard red wheat kernel characteristics were great enough to limit
the usefulness of this system. Soft red wheat is generally lighter in color than hard red
wheat, thus the visual differences between diseased and healthy kernels is more difficult to
discern. These differences lead to the construction of a visual scale for soft red wheat.

OBJECTIVE

To develop a visual assessment scale for soft red wheat kernels affected by Fusarium head
blight.
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MATERIALS AND METHODS

A visual scale for soft red wheat was prepared by creating a grain sample with a known
percentage of diseased kernels from the susceptible soft red wheat cv. Hopewell. Each
sample contained 200 kernels. The sample was then mixed and placed in a 5 cm-diameter
container. Photographs are actual size to facilitate the comparisons with other grain
samples. The visual scale can be used by passing grain samples over the photographs
until the percentage of affected kernels is approximated by the damage seen in the scale.
Record the appropriate percentage and continue onto the next sample. It is important to take
a random, uniform sample from the harvested wheat.

DISCUSSION

There is considerable variation in the types of diseased kernels in grain samples. Har-
vested grain, especially grain threshed using research size equipment, may retain glumes
and other plant parts. Intact spikelets should be examined carefully to confirm that Fusarium
head blight caused the damage. To reduce sampling error and improve mean estimates,
multiple readers may be employed, although correlation among evaluators has been high.
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ABSTRACT

A field experiment was conducted to investigate refining mist-irrigation treatments that might
improve our ability to screen for resistance to Fusarium head blight (FHB) in wheat and
barley. Mist-irrigation was applied to barley cultivars and lines Stander (susceptible, S),
Robust (S), MNBrite (resistant, R), MNS93 (R); wheat cultivars were Norm (S), McVey
(moderately resistant, MR), P2375 (MR), and BacUp (R). The experimental design con-
sisted of four separate randomized complete split-blocks with four replications. One ran-
domized complete split-block was non-misted as a control. The mist-irrigation treatments
were: non-misted, 2.0, 4.0, and 8.0 mm of water per day. Split-block treatments were inocu-
lated versus non-inoculated. Plots were inoculated with macroconidia using a CO, back-
pack sprayer to control both concentration and timing of inoculum application. Variables
measured in barley plots over the different mist-irrigation treatments included FHB severity,
incidence of infection, discolored kernels, and concentration of deoxynivalenol (DON) in
harvested grain. Differentiation among the barley cultivars over the four variables was
consistent under no mist and at the 8 mm per day volume. The variables measured in wheat
plots over the same mist-irrigation treatments included FHB severity, incidence of infection,
visually scabby kernels (VSK), and concentration of DON in harvested grain. Differentiation
among the wheat cultivars over the four variables was more consistent than among the
barley cultivars and was most consistent under no mist or at the 2 mm per day volume. We
feel the lower disease levels reflect conditions in years with low FHB severity. These pre-
liminary data also suggest that breeders could obtain useful information regarding promis-
ing breeding lines by screening for resistance to FHB utilizing inoculated plots that would
be non mist irrigated.
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OBJECTIVE

Increase our understanding of fungal population dynamics to enhance the reliability of
disease management with fungicides.

INTRODUCTION

North Dakota had been ground zero in the majority of recent FHB epidemics; consequently,
agricultural industries have been displaced and small grain producers have endured eco-
nomic hardships, often so severe as to preclude another season of farming. Another moder-
ately severe, and in some North Dakota counties extremely severe, FHB epidemic occurred
during the 2000 growing season. This epidemic series can be dated back to the 1993
catastrophic FHB outbreak on wheat and barley in South Dakota, North Dakota, Minnesota
and Manitoba (McMullen et al., 1997).

Research on forecasting systems has suggested that a reliable model needs to take into
consideration inoculation events (De Wolf et al., elsewhere in these proceedings). Inocula-
tion has been shown to occur on multiple occasions during an FHB epidemic (Francl et al.,
1999). As part of a regional forecasting system, a heuristic forecasting scheme for FHB is
based on airborne spore samples of Gibberella zeae (Francl et al., these proceedings).

Prediction of inoculation events is being pursued as an adjunct research project to a multi-
institution forecasting model development effort. This project may eventually obviate the
need for airborne spore counts. Also, populations of G. zeae conidia may be produced on
wheat leaves and these spores may then serve as a source of inoculum. We provide here
the status of research on inoculation events and report on some preliminary results from
wheat leaf assays for G. zeae.

MATERIALS AND METHODS

Inoculation timing. Fungal spore data came from two sources. First, a Burkard 7-day volu-
metric spore sampler was placed in the center of a wheat stubble field to sample airborne G.
zeae ascospores continuously. The entire tape area was observed microscopically for
ascospores of G. zeae and approximately 50 days per year for two years are available for
analysis. Second, daily inoculum levels were assayed on potted Norm wheat spikes ex-
posed to the field for 24 h. Four spikes from each pot were clipped and put in a solution of
40-ml sterile distilled water and one drop of Tween20 and shaken vigorously for 2 min. The
solution was decanted and frozen until later assessment. Spores counts were assessed by
colonization on Komada'’s selective medium and then carrot agar for colony identification of
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G. zeae by observation of perithecia. To date, 54 days have been assayed over two growing
seasons.

Colony forming units per spike, efficiency of fungal recovery from spikes, and spore type
(ascospore or conidium) on spikes are being investigated. Relationships among environ-
mental variables, time of day, and inoculum will be analyzed statistically. Linear regression
and correlation will be used together with a critical pathway analysis to determine the vari-
ables important to inoculation timing.

Colonization of leaves. Twenty leaves formed the basic sampling unit and there were five
sampling dates in 2000. Some leaves were asymptomatic (youngest on plant) while other
leaf samples showed necrotic lesions. Fifty uniform pieces were cut from these leaves and
plated on Komada’'s medium. Some pieces were surface sterilized (0.5% NaOCI for 2 min)
while others were left unsterilized. After 10-12 days, colonies showing characteristics of
Fusarium were transferred to half-strength PDA for identification based on colony type and
conidia morphology. Colonies were plated on carnation leaf agar as needed to resolve
guestionable identifications.

RESULTS AND DISCUSSION

Preliminary results on inoculation were presented in the Forum last year and at the North
Central Phytopathology meeting last summer (Markell and Francl, 1999, 2001). Briefly,
there was a good correspondence between the Burkard and spike bioassay sources of data.
Major and moderate inoculation events seemed closely linked with rainfall in excess of 5
mm. Airborne ascospore incidence exhibited diurnal periodicity and was greatest between
midnight and 10:00 AM.

A final report on inoculation timing should be completed next year. Critical factors leading to
inoculation events are being researched in an ongoing attempt to predict Fusarium head
blight based on environment. Either aerobiota data or model estimates appear needed for
successful prediction of Fusarium head blight. A successful result here would eliminate the
need for spore samplers and save much of the operating cost of the NDSU scab forecasting
system.

Preliminary data on leaf colonization from the 2000 growing season in North Dakota show
that various species of Fusarium can be found between the three-leaf and early milk growth
stages (Table 1). Furthermore, both epiphytic and apparently pathogenic relationships can
be noted, often in temporal progression. This work will be expanded in 2001 and will in-
clude the following contrasting parameters: samples from fields with and without corn,
wheat, or barley residue; symptomatic (i.e., necrotrophic lesions) and asymptomatic leaves;
and surface sterilized vs. unsterilized pieces.

If indeed fungal colonies routinely occur on leaves, then this avenue of pathogen movement
to the spike should be investigated further. Conidiation and splash dispersal are likely to
occur during extended warm, wet weather. Also, one might hypothesize that inhibition of
this potential source of inoculum by a fungicide may decrease the severity of an FHB epi-
demic.
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Table 1.Incidence of Fusarium species on symptomatic (necrotrophic lesions observed)
and asymptomatic (youngest) wheat leaves collected from a wheat-on-wheat field on
the NDSU Experimental Research Station, Fargo. Samples were collected on 1 June
(#1), 9 June (#2), 19 June (#3), 26 June (#4), and 10 July 2000 (#5), sterilized in 0.5 %
NaOCI for 2 min or left unsterilized, isolated on Komada’'s medium, and identified on
half-strength PDA.

Date Pathogen Detected
Fusarium species
Asymptometic leaves Symptometic leaves

Sterilized Unsterilized Sterilized Unsterilized
F. acuminatum #5 H#1,#2,#5 H#2H#3#5 H#1,#2 #3#5
F. avenaceum #5 #5 #5
F. equiseti H#2,#5 H#1,#2#3,#4.#5 H#2H#3H#HAHS H#1,#2 #3H#4,#5
F. graminearum H#A.H#5 #3,#4,.#5 H#3H#4H#5 #3,H#4,#5
F. poae #2 #2
F. sambucinum #2,#5 #2,#5 #2#5 #1,#2,#5
F. sporotrichioides #5 #1,#4,#5 #2H#4H#5 #1,#2 #4#5
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ABSTRACT

A wheat disease forecasting system has been implemented in the North Central region.
Daily infection periods of three leaf diseases were predicted in 23 localities by computer
models using environmental data from automated weather stations. Airborne spores of
Gibberella zeae were sampled at 17 locations and heuristic forecasts for FHB were derived
from these counts as well as temperature and wetness data. Information was delivered via
the Internet and a toll-free telephone number. The system correctly predicted epidemics in
1999 and 2000. Operational problems were encountered in sampling efficiency and
weather-related incidents. The system continues to be evaluated for biological realism,
economic thresholds, and facilitation of user interaction. A quantitative FHB forecasting
model may be ready to replace the present rule-of-thumb guidance as early as the 2002
season.

INTRODUCTION

Predictions of impending plant disease epidemics can increase appropriate pesticide use,
agricultural productivity, and returns to management. Key elements of a successful forecast-
ing system include accurate prediction for multiple and economically important plant dis-
eases, timely and understandable communication, and cost effective remedies. Most exist-
ing forecasters are devoted to high-value crops because of the large reward for sound
disease management in those cropping systems. Many of these systems consist of self-
contained computer programs and environmental loggers positioned on-site. In contrast,
few forecasters for major field crops exist despite the large aggregate amounts of pesticides
applied. System development is hindered by the minimal marginal returns to added disease
management expense and the relative economic inefficiency of an on-site system.

Diseases have considerably reduced wheat production in North America in the 1990’s.
Scab or Fusarium head blight (caused by Gibberella zeae) has caused billions of dollars of
crop loss in a series of epidemics (McMullen et al., 1997). Leaf rust (Puccinia triticina),
Stagonospora blotch (Phaeosphaeria nodorum and Ph. avenaria), and tan spot
(Pyrenophora tritici-repentis) have been perennial foliar diseases amounting to perhaps 5-
10% average crop loss per year (Long et al., 1998; McMullen and Nelson, 1992).

A regional forecasting system for three wheat diseases was initiated in North Dakota and
Minnesota in 1999 and deployed again in 2000. The system was composed of environmen-
tal and aerobiota input data, computer and rule-based models to predict disease, compila-
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tion of results, and two conduits of information delivery. This report describes the system
and its evaluation and discusses the challenges faced in its operation.

METHODS

Data for infection period models came from bioassays in a field environment (Francl, 1995)
and literature reports. Tan spot and Stagonospora leaf blotch infections within a 24 h period
were predicted with accuracies of more than 80% by back propagation neural network
models (De Wolf and Francl, 2000). Model inputs were cumulative growing degree days,
daily average temperature and relative humidity, total daily precipitation, and hours of wet-
ness. Leaf rust infection was based on hours of wetness and a minimum temperature
threshold during the wet period.

The forecasting system in 1999 employed environmental data from 17 automated weather
stations of the North Dakota Agricultural Weather Network (NDAWN) to provide regionally
specific information. The deployed model relied on a wetness duration estimate, which a
generalized regression neural network predicted from logger data input (Chtioui et al.,
1999). For the year 2000, six additional NDAWN sites were selected to provide input for leaf
disease models so that more wheat producers can take advantage of the system.

A foliar disease control advisory involved scouting for a 50% disease incidence threshold
on either the penultimate or antepenultimate leaf. Scouting began at stem elongation and
ended at the early milk growth stage. Once leaf disease reached the threshold, six to eight
predicted infection periods were allowed to accumulate and a second confirmatory scouting
was recommended. If disease progress was evident, a labeled fungicide spray was recom-
mended.

A heuristic advisory for head blight infection was based on airborne spore concentration,
wetness duration, and proximity of the managed crop to an inoculum source (infested resi-
due). To estimate inoculum concentration, Burkard cyclonic flow volumetric samplers were
placed near each of 17 NDAWN weather stations in fields with wheat stubble on the soill
surface. Air samples were collected three times a week and examined under a microscope
for sexually produced ascospores of Gibberella zeae and conidia of its anamorph, Fusarium
graminearum

During the critical part of the wheat growing season, foliar infection period predictions were
updated daily and head blight information was updated within 24 h of sample collection.
Forecasts were provided via the Internet (www.ag.ndsu.nodak.edu/cropdisease) and a toll-
free telephone message. A computer program automated the interface between the NDAWN
environmental database, disease prediction models, and web pages. For each location, a
summary of spore counts, system forecasts, and environment was placed on the web site
after the 2000 season ended.

System evaluation in 1999 included a replicated field trial (n=4) on the North Dakota Agri-
cultural Experiment Station in Fargo. The systemic fungicide azoxystrobin was applied at
120 g/ha active ingredient to the spring wheat cv. Grandin based on growth stage or accord-
ing to forecast system advice. An untreated check and twice treated check were included.
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Yield parameters and disease suppression were analyzed with ANOVA to judge treatment
effectiveness. Similar trials were conducted in Fargo and Mohall, ND in 2000 but results are
not included in this report.

After the 1999 growing season, the Burkard samplers were evaluated for sampling effi-
ciency of Sordaria fimicola and G. zeae ascospores. Sporulating fungal cultures were
placed in a container that had an opening for the machine orifice. Replicated tests (n=12)
were conducted on three samplers that were powered by a regulated DC transformer.

RESULTS AND DISCUSSION

In 1999, the forecasting system correctly predicted a widespread tan spot epidemic and
minor impacts due to Stagonospora blotch and Fusarium head blight. The web site received
>7,000 hits from 1,408 distinct hosts. In 2000, the system web page received 15% more
visitors, correctly forecasted foliar disease epidemics, and alerted growers to the presence
of airborne G. zeae spores (Fig. 1).
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Environment at Mohall
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Fig. 1. Airborne spore counts and environmental summary for the Mohall, ND location.
Much of the wheat crop in the area flowered around 16 July.

Fungicide trial results indicated that leaf disease was severe enough to warrant control
because the forecasting system resulted in statistically significant disease suppression and
yield enhancement over the control (Table 1). A single fungicide application at flag leaf
emergence or heading increased protein but not yield.
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Table 1. Effect of azoxystrobin fungicide application timing on disease and spring wheat
yield in areplicated trial at Fargo, 1999.

Fungicide treatment Flagleaf | Yield | Protein
disease | (g/m2) (%)
(%)
Untreated 18c 236 c 154Db
Flag leaf emergence 7ab 244c | 156ab
Heading 200AM| 245c 15.7 a
Forecasting system (flowering) 9ab 274a | 154D
Heading and flowering 1:00AM| 293a | 158a

During the 1999 season, two power outages prevented web page updates for 24-48 h;
however, the recorded telephone message continued to provide information prior to re-
initialization. On 19 June 2000, the NDSU campus was flooded. The web site was off-line
for about 72 h and the phone line was down for two weeks. Also, frequent rains in both
years caused problems in physically accessing the sampling sites. Timely spore counts
were possible only through extended laboratory hours processing samples.

Sampling efficiency was questioned and addressed after the 1999 growing season. The
Burkard cyclonic sampler was designed to spin particles within a metal cylinder until depo-
sition into an eppendorf collection vial. However, debris collected on the walls during the
season and tests showed that freshly liberated ascospores stuck to the walls of the sam-
pling chamber. Wall adherence averaged 22% of the total sample for S. fimicola and 75% for
G. zeae.

Spore sample collection in 2000 included a rinsing step to ensure better performance. The
Burkard cyclonic sampler, a newly designed model, was chosen because of the potential for
sample assay methods other than microscopy. For example, a PCR assay presently is being
compared with results from microscopy and culturing on selective media (L. Francl, unpub-
lished).

A user survey to assess system functionality is planned for the fall of 2000. In addition, data
continue to be collected on prediction accuracy based on bioassay data and economic
thresholds from fungicide trials. Fusarium head blight epidemic severity is related to mul-
tiple inoculation events and wet weather (Francl et al., 1999). A quantitative FHB forecast-
ing model presently is under development (E. De Wolf et al., these proceedings) and incor-
poration into the NDSU forecasting system could happen as early as the 2002 season.
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INTRODUCTION

The expression of wheat host plant resistance to head blight caused by Fusarium
graminearum Schw. varies widely, depending on environmental conditions (rainfall, tem-
perature) and the inoculum used (age, concentration, incremental substrate, and isolates). It
is important to have good control of these factors to avoid variation in the expression of
resistance.

At present, a mixture of highly virulent pathogen isolates is commonly used as inoculum in
screening wheat for Fusarium head blight (FHB) resistance in the belief that there are no
vertical races in £ graminearum, as noted in the literature. There are, nonetheless, signifi-
cant differences in pathogenicity among isolates that can greatly influence the measurement
of resistance levels (Mesterhazy, 1997).

In our program differences in pathogenicity observed during FHB resistance evaluation
made us suspect there was significant cultivar x isolate interaction. This led us to initiate the
study reported here, whose main objective was to evaluate and confirm the presence of
cultivar x isolate interaction.

MATERIALS AND METHODS

During the 2000 crop cycle in Atizapan, Toluca, Mexico, a trial was carried out in which four
resistant (Sumai # 3, Frontana, Catbird, and Sha4/Chilero) and one susceptible (Flycatcher)
wheat cultivars were inoculated with eight different F graminearum isolates. The test iso-
lates originated in Tepatitlan (isolates 3, 4, 5, 6), Jesus Maria (2), and El Tigre (1) in the state
of Jalisco, and in Patzcuaro (7, 8), state of Michoacan.

The trial was planted with three replications; the cultivar was the main plot and the isolate,
the sub-plot. The inoculum was increased in mungo bean medium, and its concentration
adjusted to 50,000 spores/ml after growing five days. Twenty wheat spikes per plot were
inoculated at flowering using the cotton method (Gilchrist et al., 1997).

Supplementary moisture in the form of mist irrigation was provided on the four rainless days.
The different treatments were evaluated 35 days after inoculation by counting the number of
affected spikelets per spike. Results were analyzed using categorical data analysis.
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RESULTS AND DISCUSSION

Results of the analysis of variance (Table 1) showed highly significant differences at 0.001%
between isolates, cultivar, and cultivar x isolate interactions. Isolate 1 from El Tigre was the
most virulent, and 7 and 8 from Patzcuaro the least virulent (Table 2). The cultivar Frontana
showed the best resistance to the eight isolates used (Table 3). Table 4 shows the absolute
ratio of infected:healthy grains for each wheat cultivar with every isolate.

Table 1. Analysis of variance of blighted spikelets of five wheat cultivars inoculated with
eightindividual Fusarium graminearum isolates, Atizapan, Toluca, Mexico, 2000.

Source DF Chi Square Prob
Cultivar 4 565.02 *hk
|solate 7 178.10 *k
Cultivar x isolate 28 106.38 *rx

Table 2. Analysis of contrast among the five test wheat cultivars.

Cultivars 2 3 4 5
1 **%* **k%* **k%* NS
2 * *** **%*
3 *** ***
4 ***

Table 3. Analysis of contrast among the eight Fusarium graminearum isolates.

Isolates 2 3 4 5 6 7 8

1 *k* *k* *k* *k* *k* *k* *k*
2 ** NS NS NS NS NS
3 * ** ** ** **
4 NS NS * *

5 NS NS NS
6 NS NS
7 NS
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Table 4. Absolute ratios of infected:healthy grains on four resistant and one suscep-
tible wheat cultivars inoculated with eight different Fusarium graminearum isolates from
four regions of Mexico. Atizapan, Toluca, Mexico, 2000.

Cultivars Isolates
1 2 3 4 5 6 7 8

Shad/Chil 0.194] 0.098] 0.096( 0.103] 0.093] 0.135( 0.085 0.090
Catbird 0.111] 0.060] 0.880[ 0.880] 0.054| 0.046[ 0.053 0.062
Sumai#3 0.090, 0.046] 0.079] 0.055| 0.053] 0.065 0.059] 0.054
Frontana 0.055| 0.051] 0.058( 0.035/ 0.039] 0.051f 0.039] 0.043
Flycatcher 0.210f 0.127] 0.131] 0.132 0.131] 0.084/ 0.108[ 0.082
CONCLUSION

The results confirm the presence of cultivar x isolate interaction.
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ABSTRACT

Small-scale genetic structure of Gibberella zeae populations is being investigated to pro-
vide information on the epidemiology of this pathogen. Four target population complexes,
one each from Michigan, Minnesota, North Dakota and South Dakota, are being character-
ized using amplified fragment length polymorphisms (AFLP) technology. A target complex
is composed of an infected wheat field and the corn and wheat stubble fields that surround
it. Gibberella zeae overwinters on the stubble and the colonies produce inoculum for infect-
ing wheat heads in the subsequent year. Corn and wheat stubble was collected in June
1999 at the time of wheat anthesis in the adjacent field. This ensured that the stubble G.
zeae populations were sampled at the time of wheat head infection. Infected wheat heads
were collected two to three weeks after flowering. Preliminary results indicate that individu-
als do vary in their AFLP banding pattern, and populations are polymorphic. We are now
increasing sample size for each population to obtain good assessments of population
structure. We will report on the progress of the work in relation to the study’s objectives. The
first objective is to determine whether G. zeae populations isolated from corn and wheat
stubble differ genetically. Since the timing of infection differs for corn and wheat, it is pos-
sible that they will differ genetically due to differences in the genetic structure of G. zeae
inoculum. If these stubble populations differ genetically, then we will utilize the unique
genetic features to investigate the relative importance of wheat versus corn stubble as
inoculum sources in causing wheat scab. The relative importance of ascospores versus
conidia as inoculum sources in causing scab will be determined from the frequency of multi-
locus clonal lineages within the G. zeae population causing scab.
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ABSTRACT

A genetic linkage map of Gibberella zeae (Fusarium graminearum) was constructed by
crossing nitrate nonutilizing (nit) mutants of G. zeae strains R-5470 (from Japan) and Z-3639
(from Kansas). Ninety-nine nit+ progeny were selected and analyzed for polymorphisms
using AFLP markers. Thirty-one pairs of two-base selective primers revealed 1072 polymor-
phic markers that mapped to 441 unique loci on nine linkage groups. The total map length of
the genome from this analysis was 1036 centimorgans with an average interval of 2.3 map
units between loci. Three linkage groups had high levels of segregation distortion. Selection
of nit+ recombinant progeny accounts for two of the skewed regions. One linkage group
appeared to have an intercalary inversion. Loci governing trichothecene toxin amount and
type (deoxynivalenol versus nivalenol) were mapped. A linkage map will be useful in popu-
lation genetics studies, map-based cloning, QTL analysis, ordering genomic libraries, and
comparisons with related species.
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ABSTRACT

Sumai 3 and its derivatives are excellent sources of genes conferring Type Il resistance to
Fusarium Head Blight in wheat. Type Il resistance is defined as reduction in the rate of
disease progression within a spike from a single point of infection. Observations are gener-
ally made on the number of visibly discolored (scabby) spikelets over a period of time. Our
goal was to identify a measure of resistance that provides a higher level of precision that
could be used in mapping and manipulating Sumai 3 resistance genes. Theoretically, there
are several ways that a plant can reduce the rate of increase in scabby spikelets including:
1) Reduced spread from initially infected spikelet to rachis, 2) Reduced spread within the
rachis, and 3) Reduced spread from within the rachis to adjoining spikelets. In addition, a
plant may influence the fungus’s change from a biotrophic to a necrotrophic growth habit.
Ning 7840 (a Sumai 3 derivative) and a susceptible genotype (Norm) were grown in the
greenhouse. Just prior to anthesis forty spikes of each genotype were single floret inocu-
lated, then misted for 3 days. Seven and fourteen days post inoculation 20 spikes of each
genotype were evaluated for the number of scabby spikelets, visible symptoms of disease in
the rachis, and presence of the fungus in the rachis via a bioassay of rachis sections on
PDA. The entire experiment was replicated 3 times and analyzed using Sas Proc GLM.
Visible symptoms in the rachis were an accurate reflection of the presence of the fungus in
both Ning 7840 and Norm, and the spread of the fungus in the rachis was significantly
greater than reflected by the number of scabby spikelets. The ratio of the spread of scab in
the rachis (according to visual symptoms of rachis portions infected) to the number of
scabby spikelets in Ning 7840 was 2.4 and 3.4 for 7 and 14 days post inoculation (respec-
tively), and for Norm was 2.8 and 2.2 for 7 and 14 days post inoculation (respectively).
Subsequent field sampling of seven genotypes from the Uniform Scab Nursery (3 - 4 in-
fected heads per genotype) showed 2 genotypes where the visual symptoms in the rachis
were significantly greater than the presence of the fungus in the rachis according to the
bioassay. In addition, in contrast to the study of Ning7840 and Norm, the presence of the
fungus in the rachis was not always significantly greater than the number of scabby spike-
lets. Overall, the data suggest that there may be separate gene systems conferring resis-
tance to spikelet infection vs. rachis infection. Although the visual symptoms of scab in the
rachis were not significantly different from the presence of the fungus in the rachis according
to the bioassay for Ning 7840 and Norm, this may not be the case for all genotypes. This
poster was presented at the International Symposium on Wheat Improvement for Scab
Resistance, May 5-11, 2000, Suzhou and Nanjing, China.
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OBJECTIVE

To document and characterize temporal patterns of ascospore discharge by Gibberella zeae
from mature perithecia in corn stalk tissues under natural conditions.

INTRODUCTION

Gibberella zeae (anamorph: Fusarium graminearum), the predominant causal fungus of
Fusarium head blight of wheat and barley, overwinters in crop residues. In large regions of
north central and eastern North America, corn stalks on the soil surface are believed to be
the primary reservoir of overwintered G. zeae and the main source of windborne ascospores
for infection of cereal spikes in spring. Ascospores are forcibly discharged very short dis-
tances from perithecia and may be carried by turbulent air currents to flowering cereal
spikes near or distant to the perithecial substrate. Once into the planetary boundary layer of
the atmosphere (two times crop canopy height up to cloud level), ascospores are subject to
vertical mixing and potential long distance dispersal. Previous investigators (Fernando et
al., 2000; Paulitz, 1996) have examined patterns of ascospore capture from air within and
above crop canopies, but, due to limits in experimental design, were unable to discriminate
newly discharged ascospores from those redistributed locally in turbulent air or settled from
higher levels of the atmosphere during periods of nonturbulence.

A comprehensive project to elucidate the aerobiology of ascospores of G. zeae is underway
at Cornell University. A critical component of ascospore aerobiology is understanding when
and under what circumstances ascospores are forcibly discharged from mature perithecia in
substrates such as overwintered corn stalks on the soil surface. The time of day for peak
spore discharge may be important relative to the likelihood that ascospores will be exposed
to turbulence and transported into the planetary boundary layer. We are interested also in
the environmental cues that affect the initiation and duration of spore discharge events. We
are assessing natural patterns of ascospore discharge from a corn stalk substrate in order to
formulate reasonable hypotheses about ascospore discharge that are testable by subse-
guent experimentation and observation. This paper reports initial results of those studies.
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MATERIALS AND METHODS

Production of perithecium-bearing substrate

Fully mature dent corn stalks were collected from a production field in November 1999.
Segments 2-cm long and centered on a node were cut from harvested stalks. Twenty five cut
stalk pieces were placed in 1-gallon plastic jugs and soaked in 500ml distilled water for 24
hours. Jugs were plugged with non-absorbent cotton wrapped in two layers of cheesecloth.
After the soaking period, the water was drained and the stalk pieces were sterilized in an
autoclave for one hour with slow exhaust. Stalks were autoclaved three times over three
consecutive days. Fifteen mycelial plugs from a pure culture of G. zeae (Gz014NY98) grown
on PDA were added to each jug. Stalks were incubated at room temperature for two weeks
under a 12 h photoperiod of near UV light. The stalks were shaken periodically in the jugs.
Perithecia formation did not occur in the jug cultures. Fully colonized stalks then were
placed over two wetted filter papers in a glass deep Petri dish and incubated under near UV
light at room temperature for nine days or until perithecia were visible. Ascospore maturity
was confirmed by microscopy and discharge ability was confirmed by placing agar media
above the stalks.

Spore trapping experiments

A Burkard seven day recording volumetric spore trap (adjusted to sample air at 10 L/min)
was used to collect discharged ascospores and record spore counts on an hourly basis.

A specially designed platform to support four corn stalk pieces bearing mature perithecia
was placed in front of the orifice of the spore trap. The same stalk pieces were left in place
for the duration of the experiment. Ascospores were collected on Melinex tape previously
treated with a thin film of adhesive (Silicone grease and hexane in a 10:1W/V ratio). Sec-
tions of the tape were mounted in lactophenol cotton blue and scanned at right angles to the
direction of rotation to determine the total number of ascospores discharged on an hourly
basis. Tapes were scanned at a magnification of 400 at 2-mm intervals. Weather data (rela-
tive humidity, rainfall, wind velocity and direction, and temperature) were collected on an
hourly basis using a weather station (Davis Weather Monitor Il, Davis, California) located
within a meter of the spore sampler. Data were collected between day of year 156 (4 June)
and day of year 183 (2 July).

RESULTS AND DISCUSSION

The number of ascospores released from the corn stalks bearing perithecia and captured on
Mellinex tape ranged from 0 to 3862 ascospores per hour. Typically there was a background
level of 5 or more ascospores per hour during the collection period in June 1999 which was
characterized by frequent rain events and cool to moderate temperatures.

There were six major events of ascospore release defined by peak counts of more than
1000 ascospores per hour. These events are summarized in Tablel. These events ranged
in duration from 4 to 14 hours and each was initiated and terminated during daylight hours.
Peak spore release (>1000 per hour) occurred over intervals of 1 to 7 hours and the maxi-
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mum discharges generally coincided with daily periods of highest temperature and lowest
relative humidity. No singular weather variable was found that preceeded the five dates of
major spore release in contrast to the other days of observation. The last five discharge
events occurred on consecutive days during the warmest portion of the collection period. In
fact, events five and six overlapped on June 26. Event five diminshed from 2372 spores in
one hour down to 483 spores in the following hour immediately following a 10% mid-day
rise in relative humidity. Thereafter, the ascospore counts rose again to above 1000 per
hour for the next three hours (event six) in conjunction with another decrease in relative
humidity. It appears that decreases in relatively humidity following periods of high humidity
are somehow associated with the discharge of ascospores.

We found that most ascospores were being discharged during daylight hours when atmo-
spheric turbulence is highest. This pattern provides the maximum opportunity for as-
cospores to be moved into the planetary boundary layer where vertical mixing occurs up to
the cloud level and the potential for long distance dispersal is greatest. We are presently
conducting experiments under controlled climatic conditions to better understand the effects
of moisture, relative humidity, temperature, and light on the discharge of ascospores from
mature perithecia. Our observation of peak ascospore discharge during daylight hours is in
stark contrast to published reports (Fernando et al., 2000; Paulitz, 1996) of peak ascospore
capture in or near inoculated plots during nighttime hours. We suggest that nighttime peaks
in these studies may also be due to capture of airborne spores that settle during periods of
nonturbulence. Obviously, these seemingly contradictory results need to be reconciled by
further experimentation on the aerobiology of this fungus.
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Table 1. Summary of major events of ascospore release by Gibberella zeae from acorn
stalk substrate placed near the orifice of avolumetric spore sampler under natural con-
ditions.

Event Peak discharge (>10° per h)
Event No. Day of Year  Interval Duration Interval Duration
1 170 2pm—6pm 4h 2pm—-3pm 1lh
2 174 9am—7pm 10h 12 pm—6 pm 6h
3 175 6 am—8 pm 14 h 10am—-5pm 7h
4 176 9am—7pm 10h 2pm-5pm 3h
5 177 6 am—2pm 8h 11am—-1pm 2h
6 177 2pm-9pm 7h 2pm-5pm 3h

Epidemiology and Disease Management
162



2000 National Fusarium Head Blight Forum
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OBJECTIVES

South Dakota State University is part of a collaborative project studying epidemiology of
Fusarium head blight (FHB) on wheat under different environments throughout the upper
mid-west. The ultimate goal is to develop a disease forecasting system. Primary objectives
include: 1) monitoring inoculum dynamics and disease development in relation to tempera-
ture, humidity, and precipitation at locations throughout the upper mid-west; and 2) to evalu-
ate tools and techniques for incorporation into a useful and efficient disease forecasting
system.

INTRODUCTION

It has been observed that FHB occurs at epidemic levels when hot, humid conditions and
frequent precipitation have occurred at anthesis (Bai and Shaner 1994, McMullin et al. 1997,
Parry et al. 1995). By investigating the relationship of FHB incidence and severity to environ-
mental conditions, a disease forecasting system may be developed to provide producers
with the capability of making better management decisions. Environmental conditions are
thought to influence the FHB disease cycle, but it is not certain which factors are critical,
and which are most predictive of epidemics. The objective of this study is to relate certain
environmental factors to the development of inoculum, the delivery of that inoculum, and the
progress of the disease after infection for a study site in South Dakota.

MATERIALS AND METHODS

Spring wheat (cv. “Norm”) susceptible to FHB was planted into strips 1.4 m by 45 m using a
7-row grain drill. Two adjacent strips were planted on each of three planting dates (3 April,
25 April, and 2 May), referred to as planting date (PD) 1, 2, and 3, respectively. Multiple
dates were used to help ensure that susceptible host stage and pathogen inoculum would
be present concurrently. Each planting was divided into three replicate plots. Each plot was
further divided into two subplots, one sampled and one unsampled. The unsampled subplot
was used to assess final disease levels for each plot.

Environmental data were continuously collected using a datalogger (Campbell Scientific
Inc. model CR10X) and various instruments. Leaf wetness sensors (Campbell Scientific Inc.
model 237) were used to estimate the duration of leaf wetness within the canopy. Additional
sensors were constructed and deployed to detect moisture at the soil surface (Osborne and
Jin, this proceeding).
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Daily airborne inoculum levels were monitored during the sampling period using a Burkhard
Cyclone sampler (Burkhard Manufacturing). A wash of the cyclone unit was performed daily
to ensure uniform sampling. The sample and wash were plated on Komada’s medium for
spore enumeration. Counts were reported as CFU per day. Inoculum on wheat spikes was
estimated by washing heads using protocols described by Francl et al. (1999), with some
modification (sampled heads were not covered prior to sampling). On each day, five primary
spikes per replicate were collected and placed in a flask with 50 ml of sterile deionized
water, shaken vigorously for 60 seconds to dislodge spores, then discarded. A 0.5 ml aliquot
of the wash was then spread-plated onto each of three plates of Komada’s medium. Plates
were then incubated 10-14 days. Colonies were described and counted after incubation.
Colonies were reported as CFU per spike per day.

Daily sampling for disease progress was conducted in each planting date when plants were
between late emergence (GS 59) (Zadoks et al. 1974), and mid-milk (GS 75) following
protocols described by Francl (1998). In each sampled plot, 24 spikes were collected by
cutting stems below the upper-most node. Each sample was divided into two subsets, one
labeled “dry”, the other labeled “wet”. Both sets were rated for the number of infection sites,
and FHB severity (% of infected spikelets). One subset of daily samples (“dry”) were placed
directly into large incubator (RH < 50%), with their stems submerged in floral preservative to
maintain freshness of tissue. The remaining subset (“wet”) was treated similarly, but was
subjected to 24 hours incubation in a moist chamber (100% RH) prior to incubation in the
dry chamber. After an incubation period of six days, each spike was again rated for FHB
infection sites and severity. After 12 days, spikes were rated for disease severity. Final FHB
incidence and severity in the plots were surveyed by sampling 100 primary spikes per rep
when plants reached mid-milk.

RESULTS AND DISCUSSION

In the period of seven days prior to sampling, cool wet conditions were experienced. Tem-
perature in the canopy averaged 17°C and a total of 15.2 mm precipitation was received
from seven rain events. There was little recovery of spores by either method in the few days
following this cool wet period. Though moisture was high, the cool temperatures could have
slowed fungal development at the soil surface, delaying the onset of ascospore production.

The Burkhard Cyclone Sampler did not perform as well as expected, however the data were
considered to be a rough estimate of airborne spore concentration. Few spores were recov-
ered on the first six days of sampling. Spores were recovered from the samples over the
next 18 days at levels between 15 and 223 colony forming units (cfu) per day (Fig. 1). Head
washing also resulted in very little spore recovery during the first six days of sampling.
Thereatfter, recovery of spores ranged from 4 to 207 cfu per head (Fig. 2). There was strong
positive correlation between the overlapping sampling periods among planting dates. There
was also positive correlation between Burkhard spore recovery and head washing spore
recovery for PD 1 and PD 2 (r = 0.54 and 0.58, respectively).

Precipitation, canopy temperature, leaf wetness, and soil wetness for the anthesis periods of
each planting date are summarized in Table 1. During susceptible periods, PD 1 and PD 2
were of similar temperature and received similar precipitation. Planting date 3 was warmer,
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received much less precipitation during anthesis, and also had lower soil and leaf wetness
duration. Soil wetness duration appeared to relate to airborne ascospore levels (Fig 1).
Peaks in soil wetness duration were often followed by increased airborne ascospore levels
though calculated correlation was negligible. Table 2 details the final disease ratings for all
plantings. Planting dates 1 and 2 had moderate levels of disease. Inoculum and moisture
levels were greater during anthesis periods of PD 1 and 2 than for PD 3, which would
account for the higher incidence and severity. Moderately low canopy temperature may have
slightly inhibited infection and FHB development during anthesis of PD 1 and 2. Dry condi-
tions and reduced inoculum levels during anthesis of PD 3 probably resulted in reduced
disease incidence. Severity was also lower in PD 3, again due to the drier conditions
present.

Table 1. Environmental conditions over susceptible periods in each planting date.

Time period Avg. canopy | Precip. (mm) / Leal wetness Soll wetness
Plant. Date (susceptible) temp (oC) events duration (hrs) duration (hrs)
1 DOY 173-179 19 33/2 10.5 14.3
2 DOY 178-183 18 26/ 2 14.6 20.3
3 DOY 184-188 24 1-May 7.5 9.9
Table 2. Final disease ratings.
Plant Date 1 Plant Date 2 Plant Date 3
Incidence % | Severity % Incidence % Severity % Incidence % Severity %
Rep 1 39 26 50 26 13 15
Rep 2 34 25 28 22 13 20
Rep 3 28 26 36 27 13 19
PD Mean 34 26 38 25 13 18
Overdl: Disease Incidence=28%  Disease Severity = 23%

Total incoming solar radiation varied from 4 to 17 MJ m2d* (Fig. 1). It was observed that
peaks in solar radiation corresponded to peaks in airborne inoculum estimates, though
calculated correlation was not large (r = 0.49). Daily solar radiation may have affected
airborne inoculum due to light requirements of the fungus, rapid changes in relative humid-
ity, or increased spore escape from the boundary layer by way of increased convection of air
away from the soil surface.

Disease progress was measured in terms of disease incidence (infected heads / total heads
sampled) and disease severity (infected spikelets / total spikelets). There was almost always
greater disease incidence in sample sets subjected to 24 hours of high moisture incubation
than in those with no additional moisture, as expected. Little correlation was observed
between airborne inoculum (Burkhard data) and disease incidence on those samples given
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no additional moist incubation as read at six days post-sampling. Shifting the Burkhard data
to compensate for any lag between airborne inoculum and initial infection (i.e. shifting the
Burkhard data ahead 1, 2, 3, or 4 days) did result in increased correlation coefficients rela-
tive to the 6 day-post readings of samples, in some cases. For PD 1, with no shift, r = (-)0.39;
with 2 day shift, r = 0.36; 3 day shift, r = 0.66; and 4 day shift, r = 0.74. For PD 2, with no shift,
r = 0; with 2 day shift, r = 0.71; with 3 day shift, r = 0.59. Such pattern, however, was not
found for PD 3.

The increase in correlation following shifting suggests that estimates of airborne inoculum
may precede disease development by up to several days. This lead time would be very
valuable for application of disease forecasting models to management decisions. There was
weak to moderate correlation between inoculum levels found on heads and disease inci-
dence at 6 days post-sampling for PD 1, 2, and 3 (r = 0.61, 0.22, and 0.39, respectively).
Shifting the data generally did not improve correlation in these relationships.

Shifting of some of the data (i.e. airborne inoculum estimates) to compensate for lag periods
proved useful. This indicates that this type of data may be more useful in forecasting sys-
tems in the future. Estimates of airborne inoculum did not relate well to infection sites on
detached heads. This may suggest that the presence of inoculum is simply one requirement
for infection. If inoculum fails to contact the susceptible head, or conditions are unfavorable
for infection, disease may be reduced, or fail to develop. Head washing was shown to be a
more reliable estimate of inoculum levels than spore trapping. High correlation among head
washing data (overlapping portions of planting dates) showed consistency in the method,
and the correlation of spores per spike to daily disease incidence showed relevance of the
head washing method.
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Fig. 1. Inoculum and environmental data over susceptible periods. (A): Airborne inoculum;
(B): Inoculum on sampled spikes; (C): Precipitation and canopy air temperature;
(D): Leaf wetness duration and relative humidity in the canopy; (E): Soil moisture
duration and solar radiation; and (F): Growth stage (Zadoks) for each planting date.
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Fig. 2. Disease incidence on sampled spikes (no additional "wet" incubation) at six days
post-sampling for al planting dates (B, C, and D) with Burkard Sampler estimates
of airborne inoculum levels (A) given as 'cfu/ml’ of sample volume (3 ml total).
Inoculum estimates from detached heads (wash procedure) are given as 'cfu/spike' (E).
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INTRODUCTION AND OBJECTIVES

Development of epidemiological models useful to plant disease forecasting involves gather-
ing information about environmental factors including temperature, vapor pressure, and
precipitation. One aspect of the environment that has been difficult to study is moisture at the
soil-air interface. The microclimate at the soil-air interface has many influences including air
and soil temperature, vapor pressure of the air, precipitation, soil characteristics, and veg-
etation. Soil-surface moisture, often associated with dew formation in the canopy and pre-
cipitation events, is presumed to be one of the critical environmental factors affecting the
development of Gibberella zeae. The objective of this project was to develop and test an
instrument that would directly measure moisture at the soil-air interface. The instrument must
be able to provide continuous measurements without altering moisture levels in the mea-
surement area. It must also be compatible with data logging equipment. The information will
be critical in understanding the effects of soil wetness on inoculum production under field
conditions.

MATERIALS AND METHODS

Sensor Development. Sensors were constructed to assess soil surface wetness by measur-
ing resistance across a plane between two electrodes. Electronically, the sensor consisted
of an AC half-bridge circuit, encased in epoxy resin, with exposed wires for contacting the
soil surface. Internal resistors, along with the variable resistance of the exposed sensing
elements, compose the half-bridge circuit, and allow for the determination of resistance
across the two exposed wires. The circuitry is similar to that found in commercial wetness
sensing grids, integrating a reference resistor (Rr = 1 kW), with a fixed resistor (Rf= 100 kW)
in series with the sensing elements (Rs = variable resistor). The fixed and reference resistors
were encased in the instrument frame (11.5 cm by 11.5 cm by 2.3 cm) (Fig. 1). The exposed
electrodes consisted of 18-gauge galvanized steel wires. An excitation voltage (Vx) was
supplied to the instrument by an external source; in this case, a CR10X datalogger
(Campbell Scientific, Inc.). This excitation voltage is compared ratiometrically to a voltage
(Vs) measured at a point between the reference resistor (Rr) and the sensing elements (Rs +
Rr). The ratio of these voltages (Vs/Vx) is equal to the ratio of the reference resistor (Rr) to the
sum of all resistors (Rr+ Rs + Ry) (see Eqg. 1). To find the resistance across the sensor, the
eqguation is solved for Rs (see Eq. 2). When there is no free moisture between the sensing
elements, the circuit is open and resistance is infinite. When moisture is present, the circuit
closes and resistance across the sensing elements can be measured. Resistance is higher
when moisture levels are low, and approaches zero when free water is present. Excitation
voltage must be supplied to the sensor in AC form, as ion polarization will occur otherwise,
and sensors will decay.
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Eq.1: Vs/Vi=Rr/(Rr+Rs+ RY)

EQ.2: Rs=Rr/(Vs/Vx) — Rr—Rs

i‘ '\-\."--. :
— -%
//'
Electrode2 —T j/ Electrodel  Fig. 1. Soil-surface wetness sensor.
™ = Polyurethane frame with 18-gauge
2 galvanized steel wires (electrodes
" A y 1and 2).

Laboratory testing and calibration. Initial testing was conducted by placing the sensors on
synthetic sponges. The sponge and sensor were then placed under a desk lamp to speed
drying times. Sensor output was recorded using the CR10X datalogger. Several readings
were taken from the dry sponge at ten minute intervals, then water was added to the capac-
ity of the sponge. Readings were taken every ten minutes until the sponge was very dry.
Several repetitions of this procedure were conducted for each sensor. The data were plotted
for each repetition and the results of each run were compared among reps and sensors.

Further testing was done using a thin layer (5 mm) of sieved soil mix (silty loam soil, ver-
miculite, and peat) in a small plastic container. A known weight (50 g, oven-dried) of soil
was used to facilitate calculation of moisture content after addition of water. The sensor was
placed atop the soil layer, and the entire assembly was placed on a digital balance. A spe-
cific weight of water was added to the soil using a misting sprayer to evenly wet the soill.
Every ten minutes, the resistance across the sensor was recorded as well as the weight of
the remaining water. This procedure was repeated several times with each sensor.

Measuring wetness duration and inoculum production. The soil surface moisture sensors
were integrated into an automated weather station placed in field plots. Five sensors were
placed at various locations throughout the plot area. Sensors were located either under the
canopy, or between plots on bare soil. Measurements were taken every 2 minutes, and
averaged over 30-minute intervals using the CR10X datalogger. Soil surface moisture
duration in hours per day was estimated based on the period of time that sensor output was
below a threshold value. When sensor output was above the threshold level, the soil was
considered dry at the surface.

Airborne inoculum levels were monitored using a Burkhard Cyclone Sampler (Burkhard
Manufacturing). Inoculum on wheat spikes was estimated by washing heads using protocols
described by Francl et al. (1999), with some modification (sampled heads were not covered
prior to sampling). Both methods are described in detail elsewhere in this proceeding
(Osborne and Jin, this proceeding). Data were reported as colony forming units (CFU) per
day, or per spike.

Epidemiology and Disease Management
170



2000 National Fusarium Head Blight Forum

RESULTS AND DISCUSSION

Laboratory calibration. The sensors performed well in laboratory tests. In sponge trials,
there was significant variability among sensors (P = 0.03), likely due to variation in compo-
nents or construction (each sensor was hand-made). For individual sensors, there was no
significant difference among reps, indicating consistency over time. In thin soil layer trials,
individual sensors consistently indicated the point at which the surface was completely dry
by a marked increase in sensor resistance, usually on the order of 100 kW or more over a
ten minute period. Different sensors did not always have similar output values for specific
water content, but each was consistent over reps. Visual or tactile estimates of surface-
moisture compared favorably to sensor output on the sponge and on thin soil layer. As the
substrate dried, sensor measurements resulted in a three-part response curve (Fig. 2).
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Fig. 2. Thin-soil layer calibration. Sensor output plotted against water content in the microcosm.
Visual comparisons are indicated by arrow s and dashed dividers.

Sensor output was very low (0 to 100 kW) when the soil was visibly wet. Output was very
high (10° to 10* kW) when the soil was visibly dry on the surface. The transition period was
short in laboratory tests where the drying process was increased using a heat lamp, but
should be different over time for substrates with different physical characteristics. Sandy
soil, for example, dries more quickly than clay soils. Therefore, the sensor response in
sandy soil would be more rapid, and the transition period would be shortened. Though the
sensor output varied in response to substrate differences, one could determine the wet/dry
threshold for each particular application. A sensor which indicates wet or dry surface condi-
tions and afford calculation of wetness duration would be adequate for many epidemiologi-
cal modeling applications.

Effects on inoculum under field conditions. Soil surface wetness measurements were highly
variable among sensors at certain times. This was expected due to the placement of the
sensors in varying levels of canopy cover and at different locations with respect to drainage.
Sensors in the lower portion of the field indicated wet conditions for longer periods of time
than sensors on higher ground. This matched visual observations of the field. Sensors under
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canopy coverage tended to indicate moisture longer than those on the bare soil. During long
periods without precipitation (periods greater than 4 days), wet/dry indications from all
sensors agreed 86% of the time for the 48 hours preceding precipitation. Four sensors
agreed an additional 9% of the time. For the period of 48 hours following major precipitation
events (5 mm or more), all sensor indications agreed 57% of the time, and four of five
agreed an additional 12% of the time. This indicates that the sensors exhibit a degree of
uniformity which is satisfactory under field conditions, with the intended application.

For purposes of comparing inoculum detection and soil surface moisture, data from all
sensors were averaged to approximate wetness level for the plot area (Fig. 3a). Airborne
inoculum levels (as estimated by the Burkhard sampler) appeared to increase as soil mois-
ture duration increased (Fig. 3b). Decreased inoculum appeared to correspond to lower soil
moisture duration. When compared to head washing data (Fig. 3c), increased spore recov-
ery appeared to lag peaks in soil moisture duration by one day. Reduction in numbers of
spores recovered also lagged reductions in soil moisture duration by one day. These pre-
liminary results indicated that the sensors could serve as a useful tool for estimating soil
surface moisture for applications such as disease forecasting, where duration of wetness
may be a critical factor in the development of inoculum. To further test this idea, controlled
studies are being conducted to monitor perithecial development, and spore discharge under
various wetness regimes.
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Fig. 3. Environmental parameters and inoculum measurements. (A) soil wetness duration
and precipitation; (B) airborne inoculum collected by Burkhard spore collector;
and (C) inoculum washed from detached spikes.
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ABSTRACT

We have been characterizing isolates of Fusarium graminearum that differ in their ability to
spread, cause disease and accumulate mycotoxins in inoculated wheat heads. Identifica-
tion of isolates that differ genetically for virulence and toxin production will allow the subse-
guent isolation of genes that are important for controlling for these traits. Knowledge of the
determinants of disease spread may suggest novel strategies for disease control. Isolates
of Fusarium graminearum, representing 8 genetic lineages of this species complex and
other Fusarium species that cause FHB have been tested. Pathogenicity tests have been
conducted on two cultivars of wheat (Norm and Pioneer 2375) very susceptible to the dis-
ease. Plants were inoculated at early to mid-anthesis by placing a 10 ul inoculum droplet
containing approximately 10* conidia into the fifth spikelet from the base of the head. Two
weeks after inoculation, disease symptoms (necrosis and/or bleaching of the spikelet) were
recorded for 10 spikelets per head including the inoculated spikelet as well as 5 spikelets
above and 4 below the point of inoculation. Glumes from the rated spikelets were then
plated on mung bean agar medium to detect the presence of the fungus and the remainder
of the spikelet, in some instances, was tested for the presence and level of mycotoxin.
Symptom expression, the presence of the fungus and mycotoxin concentration were re-
corded for each spikelet from ~20 inoculated heads. Distribution of symptoms, fungal colo-
nization and mycotoxin accumulation differed significantly among isolates.
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SPATIAL PATTERNSOF FUSARIUM HEAD BLIGHT IN NEW Y ORK
WHEAT FIELDSDURING THE EPIDEMIC OF 2000
DenisA. Shah, Chrigtine A. Stockwell, Stanley O.Kawamoto, and Gary C. Bergstrom*

Department of Plant Pathology, Cornell University, IthacaNY, 14853-4203
*Corresponding author: PH: (607) 255-7849, E-mail: gch3@cornell.edu

INTRODUCTION

Spatial pattern analysis can be a useful tool in understanding the epidemiology of plant
diseases including the nature of inoculum sources (Madden, 1989; Madden and Hughes,
1999). There was a widespread epidemic of Fusarium head blight (FHB) in New York winter
wheat in June 2000. We assessed spatial patterns of disease incidence in four distant
winter wheat fields in order to gain preliminary insights about probable sources of inoculum
for spike infection.

MATERIALS AND METHODS

In each of four fields, the incidence of spikes with symptoms of FHB was assessed in 60
guadrats of size 0.093 m? (1 ft?), 20 spikes per quadrat, during the late dough stage. All 60
guadrats were sampled along a single row transect, at 1.5 m intervals, in fields 1,2 and 3. In
field 4, samples were assessed in six rows of 10 quadrats each. The six rows were within
41 m of each other. Within rows, the quadrats were 4.5 m apart. The BBD (Beta Binomial
Distribution) program (Ver. 1.3) (Madden and Hughes, 1994) was used to calculate the index
of dispersion and fit the binomial and beta-binomial distributions to disease incidence data
for each field.

RESULTS AND DISCUSSION

Mean incidence of FHB was less than 1% in the first three fields, but was four times higher
in field 4. The index of dispersion was significantly different from its expected value assum-
ing randomness for field 4 only. The binomial distribution adequately described the inci-
dence of FHB in fields 1, 2 and 3, but the beta-binomial was a better descriptor than the
binomial in field 4 (Table 1).

The pattern of FHB incidence in fields 1,2 and 3 appeared to be completely random. This is
consistent with the hypothesis of a mainly external initial inoculum source of airborne as-
cospores of Gibberella zeae, and little or no in-field source of inoculum from crop residues
clustered on the soil surface. Corn residues were not observed in fields 1, 2 or 3. In field 4,
spikes affected by FHB appeared to be somewhat aggregated within particular quadrats.
Since the window of spike susceptibility is brief, it was assumed that only primary inoculum
present at the time of anthesis contributed to observed symptoms. A very few small rem-
nants of corn stalks from a corn crop two years earlier were still visible on the soil in field 4.
Perithecia of Gibberella zeae are produced on corn residue left on the soil surface for up to
two years after the crop has been harvested (Khonga and Sutton, 1988). The observed
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aggregation of FHB in field 4, together with the observed corn residue, suggests that at least
a portion of the inoculum for spike infection was derived from within-field sources.

We consider these results as preliminary circumstantial evidence that inocula from sources
external to wheat fields as well as from residues within wheat fields contribute to FHB
epidemics in New York.
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Table 1. Characteristics of winter wheat fields sampled for Fusarium head blight in 2000
and statistics describing the pattern of disease.

Previous crop Beta-binomial parameters”
Field | Cultivar 1998 1999 D® Plrsb p 0
1 Caledonia | wheat oat 0.8 1 0.0525 0
2 AC Ron corn pea 111 0.55 0.06 0.0046
3 Caledonia corn pea 0.86 1 0.0417 0
4 unknown corn  soybean| 1.77 0.0006 0.2375 0.0408

2 Index of dispersion. D > 1 suggests aggregation of disease incidence. * indicates P < 0.001 for a test of
whether D differs from its expected value for a random pattern of disease incidence.

® Probability associated with a likelihood ratio test of whether the beta-binomial distribution is a better descriptor
of the observed disease incidence than the binomial distribution.

¢ Moment estimates of the parameters of the beta-binomial distribution.
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INFLUENCE OF LOCAL VERSUSREGIONAL FACTORSON
INCIDENCE OF SEED INFECTION BY FUSARIUM
DenisA. Shah* and Gary C. Bergstrom
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INTRODUCTION

A widespread epidemic of Fusarium head blight affected winter wheat grown in western
New York in 1996. We investigated whether seed harvested from fields in close proximity
had more similar incidences of infection by Fusarium than did seed from fields that were
more distant.

MATERIALS AND METHODS

One hundred seeds each from 23 seedlots, harvested in 1996 and representing four
adapted winter wheat cultivars (Cayuga, Geneva, Harus, NY Batavia), were assayed for
infection by Fusarium spp. using the freezing blotter method (Limonard, 1966). Geographic
coordinates for each field were converted to planar coordinates by the Corpscon software
program (Ver. 5.x, U.S. Army Corps of Engineers). Fields were on average 70 km apart
(median = 62.8 km; range 1 m to 179 km). Out of the 253 possible pairwise comparisons of
distances between fields, 247 could be classified within the mesoscale [10 to 200 km apart,
sensu Francl et al. (1999)] level.

Spatially referenced (by planar coordinates) counts of the number of Fusarium-infected
seeds were analyzed by the spatial analysis by distance indices (SADIE) software program
(Perry et al., 1996). SADIE is a form of spatial correlation analysis that is conditioned on the
existing heterogeneity of counts within a specified area. The SADIE index lais a measure of
the spatial association. Values of | a > 1 would indicate that fields with similar levels of seed
infection are closer together than expected by chance alone. Significance testing is done by
permuting the observed data set under the hypothesis that there is no association among
fields in seed infection level. For this study, 5,967 randomizations were done.

RESULTS AND DISCUSSION

Percent seed infection by Fusarium spp. ranged from 0 to 24 (mean 8.4). The evidence for
associations among fields in terms of seed infection by Fusarium was not strong (I, = 1.569,
P =0.0508). Results therefore support the hypothesis that winter wheat fields are spatially
random at the mesoscale with respect to Fusarium seed infection. Therefore, site-specific
conditions at the local scale (100 m to 50 km) are of greater importance in determining the
actual levels of seed infection than overall regional weather patterns. For example, two of
the fields in the analyzed data set were only 1 m apart, yet percent seed infection in one
(5%, cultivar Cayuga) was three times that in the other (18%, cultivar NY Batavia). Differ-
ences in flowering date, cultivar resistance to Fusarium or local inoculum variability may
significantly impact seed infection levels.
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Large-scale weather patterns affect the overall mean seed infection incidence in a given
region, but the range of seed infection incidence in any year is more strongly influenced by
local variables.
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INTRODUCTION

In cereal seed health assessments, an individual seed is either infected by Fusarium
graminearum or not. If repeated samples are drawn from a well mixed seedlot, the inci-
dence of seed infection within such samples is expected to follow a binomial distribution.
The mean incidence of infection is described by the binomial parameter, p. If a number of
different seedlots are assayed for the same pathogen, the probability of seed infection can
be expected to vary from lot to lot for any of a number of reasons, including local environ-
ment, inoculum availability, and the relative susceptibilities of cultivars to seed infection.
That is, p may vary across seedlots. A common way of accounting for nonconstant p is to
assume that pitself is a variable with a beta distribution. If p has a beta distribution, the
resultant mixture distribution is a beta-binomial distribution (Madden and Hughes, 1995).
Here we demonstrate that the beta-binomial distribution is a superior (to the binomial distri-
bution) and adequate descriptor of cereal seed infection incidence by Fusarium
graminearum across several seedlots from a production region.

MATERIALS AND METHODS

The binomial and beta-binomial distributions were fit to seven separate data sets on the
incidence of seed infection by Fusarium graminearum in three cereals (Table 1). Data sets
1 to 3 are on the infection of wheat seed in Kansas by F. graminearum (Love and Seitz,
1987). Summaries of data sets 4 to 6, on the infection of barley and oat seed in Manitoba by
F. graminearum, were previously published (Clear et al., 1996).

The binary form of the index of dispersion (D) (Madden and Hughes, 1995) was calculated.
Values of D > 1 suggest that the variance in seed infection incidence among lots is greater
than that expected assuming seed infection incidence across seedlots is distributed binomi-
ally (a phenomenon called overdispersion). The quantity has a distribution (N-1 degrees of
freedom) under the null hypothesis that seed infection incidence is randomly distributed,
where N is the number of seedlots (Madden and Hughes, 1995).

The BBD software program (Ver. 1.3) (Madden and Hughes, 1994) was used to calculate D
and to fit the binomial and beta-binomial distributions to data sets. A likelihood ratio test
assessed whether the beta-binomial provided a better fit to the data than the binomial distri-
bution.
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RESULTS AND DISCUSSION

All data sets were overdispersed (Table 2). Therefore, seed infection incidence by F.
graminearum varies across seedlots in a manner that cannot be explained by binomial
variation only. Extra-binomial variation may be due to cultivar differences in seed infection,
differences in inoculum availability, flowering date or to site-specific environment. The beta-
binomial distribution was a significantly better descriptor than the binomial distribution of
seed infection incidence for all seven data sets examined (Table 2, Fig. 1).

The parameters of the beta-binomial distribution, estimated from a relatively small random
sampling of seedlots, are a concise summary of the regional incidence of cereal seed
infection by F. graminearum. Moreover, a distributional approach to describing seed infec-
tion incidence allows one to estimate probabilities associated with seed infection inci-
dences not in the empirical data set.
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Figure 1. Fit of the binomial and beta-binomial distributions to seed infection inci-
dence by Fusarium graminearum across cereal seedlots.
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Table 1. Data sets used to assess the fit of the binomial and beta-binomial distribu-
tions to Fusarium graminearum seed infection incidence.

Source Crop Y ear No. of No. of No. of
seedlots | cultivars | locations
Kansas wheat 1982 23 2 12
Kansas wheat 1983 24 2 12
Kansas wheat 1982 36 18 2

Manitoba [ barley 1993 78 ? 78
Manitoba [ barley 1994 45 ? 45
Manitoba oat 1993 30 ? 30

Quebec wheat 1989 31 9 31

<8}

Table 2. Results of fitting the binomial and beta-binomial distributions to seed infec-
tion incidence by Fusarium graminearum.

Data set D? P s’ p° g° P.d
1 39.89 [<0.0001] 0.1537 | 0.4955| 0.161
2 451 |<0.0001] 0.0276 |0.0525| n.d.
3 8.13 |<0.0001] 0.3847 |0.0718| 0.605
4 41.49 |<0.0001] 0.4215 | 0.6365| 0.007
5 13.81 [<0.0001| 0.4379 |0.2558| n.d.
6 41.03 [<0.0001 0.1443 | 0.5769 | 0.090
7 242 |<0.0001] 0.0425 | 0.156 | 0.002

2 Index of dispersion. Values of D>1 indicate that the variance in seed infection incidence is greater than that
expected if seed infection incidence is binomially distributed. A test was used to determine whether D differs
from its expected value assuming seed infection incidence follows a binomial distribution (Madden and Hughes,
1995). In all seven instances P < 0.001.

b Significance level for a likelihood ratio test of whether the beta-binomial distribution fits the data better than the
binomial distribution (Turechek and Madden, 1999).

¢ Maximum likelihood estimates of the parameters of the beta-binomial distribution.

¢ Probability associated with a goodness-of-fit test of the beta-binomial distribution. P> 0.05 indicates a
significant fit of the beta-binomial to the data at a=0.05, for example. n.d. means that it was not possible to do
a goodness-of-fit test.
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INTRODUCTION AND OBJECTIVES

In order to develop effective control measures for Fusarium head blight, it is necessary to
understand the epidemiology of the disease. One important epidemiological question is
how weather influences production and release of inoculum, infection, and symptom devel-
opment. This study is part of a 4-state collaborative study (North Dakota, South Dakota,
Indiana, Ohio) aimed at generating a body of comparable data over diverse environments to
answer these questions. Here we report results of studies conducted in Indiana during the
2000 growing season.

MATERIALS AND METHODS

Inoculum levels were monitored at two sites at the Purdue University Agronomy Research
Center (PARC) during the 2000 wheat season. At one site (Field 53), wheat cultivar Clark
was sown into disked corn residue. At the other site (IPM), wheat cultivar INW9513 was
sown following soybeans in a plot that was adjacent to a plot that had corn residue from the
previous crop year on the soil surface. The distance from the corn residue to the edge of the
wheat plot (where inoculum was monitored) was about 3 m.

Burkard cyclone spore samplers were operated at both sites. Sampling began in field 53 on
1 May, when wheat was in the early boot stage (GS 44) and on 8 May in the IPM field when
heads were 50% emerged (GS 55). The samplers drew in 16.5 L of air per minute. Each
day at 1100 hours, the Eppendorf tube into which airborne particles were collected was
replaced in each sampler.

Spores were recovered from the Eppendorf tube by adding 1 ml sterile water, shaking the
tube on a Vortex mixer for 1 minute, and spreading 0.3 ml of the suspension over Komada’s
medium in each of two petri plates. The plates were placed in an incubator programmed to
maintain 25 °C during a 12-hr photoperiod and 20 °C during a 12-hour dark period each day.
After 1 week, colonies of Fusarium graminearum were counted on each plate. A sample of
the remaining spore suspension was examined under a hemacytometer for conidia or
ascospores of Gibberella zeae.

Beginning 12 May, when wheat in field 53 was in mid anthesis (GS 65) and heads in the
IPM field were three-fourths emerged (GS 57), 5 heads were collected each day at about
1030 hours. In the laboratory, the 5 heads were placed in 50 ml of sterile water that con-
tained 2% Tween 20. They were shaken vigorously for 1 minute, then 1-ml samples were
plated onto each of 5 petri dishes containing Komada’s medium. Plates were placed in the
incubator described above. After 1 week, colonies of Fusarium graminearum were counted
on each plate.
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On 30 May (GS 77) scab incidence was estimated by counting the number of blighted
heads in each of ten 60-cm lengths of row. Incidence was estimated again on 6 June (GS
79), but the samples were 30 cm long.

A Campbell weather station was operated in field 53, at the same location as the Burkard
sampler. This unit recorded various weather parameters at 30-min intervals.

RESULTS

Spores of G. zeae were recovered by both samplers from the beginning of the sampling
period until early June, when sampling ceased (Figs. 1 and 2). At both sites, there were
days when no propagules were recovered. From days 131 (9 May) through day 138 (17
May), there was general agreement in the number of spores sampled at each site. From day
139 (18 May) through the end of the sampling period (28 May), however, there was little
agreement between data from the two sites. Peaks in spore numbers in field 53 occurred
when few spores were recovered at the IPM field. There was an irrigated head blight nurs-
ery about 100 m to the southeast from the spore sampler in field 53. The peak in spore
numbers seen on days 142 and 143 in field 53 but not in the IPM field may have been an
effect of moisture provided to corn residue by the irrigation during a period when no rain fell.
Despite this discrepancy during the latter part of the sampling period, there was a significant
correlation between spores collected at both sites (R=0.39, P=0.04).

During the first half of the spore sampling experiment, rain fell at least every 2 or 3 days.
During this time, the number of spores collected in field 53 and the amount of rainfall were
not significantly correlated (R=0.51, P=0.06). Spores were collected on every day during
which rain fell. However, spores were also collected on days with no rain. The same pat-
tern was seen for spores collected in the IPM field for the full duration of the experiment, and
for this data set the correlation was significant (R=0.71, P=0.002). We also examined the
relation between number of spores collected and the number of hours that relative humidity
was less than 75% each day. There was no correlation at either site. A more thorough
analysis of the effect of weather on number of spores in the air will be conducted when data
from several cooperating states have been pooled.

The numbers of spores recovered each day from heads collected at the two sites were
correlated (R=0.48, P=0.02). At both sites, there was no correlation between the number of
spores recovered by the Burkard sampler and the number of spores recovered from heads
during a given 24-hour period. However, if the daily pattern of spores collected by the
Burkard sampler is compared with the number of spores collected from heads, there is a
rough concordance for the data from field 53 (Fig. 1). When we compared the number of
spores from heads on a given day against number of spores recovered by the Burkard unit
on the previous day, the correlation was significant for the field 53 data (R=0.61, P=0.001),
but not for the IPM field data.

Scab incidence in field 53 was 2.9% on 30 May (GS 77) and 6.4% 1 week later. Scab
incidence in the IPM field was 4.4%. Incidence of scabby kernels in the grain harvested
from field 53 was 2.2% and the level of DON was 2.6 ppm.
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Figure 1. Number of spores of Gibberella zeae collected each day in field 53 of the
Purdue Agronomy Research Center, beginning at 1100 hours, with a Burkard volumet-
ric spore sampler or recovered from heads.
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Figure 2. Number of spores of Gibberella zeae collected each day in the IPM field of the
Purdue Agronomy Research Center, beginning at 1100 hours, with a Burkard volumet-
ric spore sampler or recovered from heads.

DISCUSSION

There were no periods of sustained rainfall from the time of wheat anthesis through grain
filling, in contrast to what occurred during the same wheat developmental period in 1996,
when a major head blight epidemic occurred. Nonetheless, the Burkard volumetric spore
samplers collected spores of F. graminearum on many days during anthesis and early grain
filling. Spores were also recovered directly from head washings during this period. The
incidence of head blight was light to moderate, as was the incidence of scabby kernels.
This suggests that weather conditions may have been limiting for infection rather than for
production of inoculum.

There was a weak correlation between spores collected by the Burkard samplers at two
locations separated about 1 km apart. This suggests that local conditions as well as gen-
eral weather conditions influence production and release of spores.

There appears to be a large discrepency between the number of spores recovered from
heads and the number of spores collected from a volume of air during a 24-hour period. We
will look at this relation further by using wind speed data to estimate the volume of air inter-
cepted by a wheat head during the course of a day.
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Limited inferences about the influence of weather on spore release and dispersal can be
made from one year’s data. A 4-state collaborative study, now in its second year, will pro-
vide a greater number of data points from which to draw inferences about the effect of
weather on production and dispersal of inoculum, infection, and disease development
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Tamburic-llincic, L.**, Falk, D. E.?, and Schaafsma, A. W.!

! Ridgetown College, University of Guel ph, Ridgetown, Ontario;
2 Department of Plant Agriculture, University of Guelph, Guelph, Ontario
*Corresponding author: PH: (519) 674-1611, E-mail: Itamburic@usa.net

OBJECTIVES

The objectives of this study was to identify the percent of kernels infected with Fusarium
species in spring barley cultivars included in the Ontario Spring Barley Performance trials,
and from a nearby commercial field of variety Chapais, with a high level of disease, to check
the pathogenicity of three isolates of F. graminearum collected from barley on winter wheat
seedlings, and to evaluate fungicide efficacy against FHB in spring barley, using the fungi-
cides with known response against FHB in wheat.

INTRODUCTION

Fusarium head blight (FHB) epidemics are common in Ontario wheat, and corn, but have
been rarely reported in barley (Hordeum vulgare). FHB is observed frequently in barley
grown in the Red River Valley of Western Canada and North Central USA, while in Eastern
Canada FHB was observed for the first time on barley in 1986 (R. Clear, personal communi-
cations), but there is no published information. This year, visible FHB symptoms on spring
barley were noticed as tan or brown florets in the spike. In harvested grain, Fusarium dam-
aged kernels (FDK) were also observed. Tekauz et al. (2000) noted that FHB in barley may
result from a combination of factors such as a fundamental shift in the pathogen population,
new varieties being grown in the region, and environmental conditions promoting disease.
According to Campbell et al. (1999) DON contamination in Eastern Canada was particularly
severe in recent years (1996, 1997, 1998), when some barley samples contained up to 8-9
mg/kg of toxin. After artificial inoculation with Fusarium graminearum in Ridgetown, ON, in
1997 (Schaafsma, and Tamburic-llincic, 1997) mean DON level across entries were higher
in barley then in wheat (3.98 ppm, vs 2.23, respectively), as well as percent of seeds in-
fected with F. graminearum (49.46, vs 15.81, respectively).

MATERIALS AND METHODS

Forty six spring barley cultivars from the Ontario Spring Barley Performance trials were
evaluated for percent of kernels infected with Fusarium spp. Eighteen of them were two-row
feed barley, while twenty eight were six-row feed barley. After harvest, the seed was surface
sterilized in a 3 % sodium hypochlorite solution for three minutes, air dried and placed on
acidified potato dextrose agar (PDA). These were incubated for seven days under light on a
12:12 hr light/dark cycle, at room temperature. Fusarium spp. colonies were then transferred
to carnation-leaf agar (CLA), and incubated as above. The identification was done accord-
ing to Nelson et al. (1983), and Burgess et al. (1988).
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Two varieties of spring barley (Chapais- six-row barley , and Morrison- two-row barley) were
grown in a randomized complete block design with four replications. The fungicides applica-
tions were made at 50 % anthesis for each variety. Deoxynivalenol (DON) content was
estimated using competitive ELISA test (Sinha and Savard, 1996). Individual spikes were
collected from a commercial field of Chapais barley on the Elora Research Station then
dried and threshed in bulk. Seeds were treated as previously described to obtain Fusarium
colonies.

Pathogenicity tests were conducted on Knop medium (1 g KNO3;0.12 g KCI; 0.25 g
KH,PO,; 0.25 g MgSO, x H,O; in trace FeCl x 6 H,0; 15 g agar, and 1 L distilled water) in
glass tubes under laboratory conditions, according to Levic and Tamburic (1996). Subcul-
tures of the three isolates of F. graminearum from spring barley varieties (Chapais- isolate
from the commercial field, AC Stephen, and C231-041), were grown on PDA medium at
room temperature for 1 week. Plugs of inoculated PDA (4x4 mm) were placed on the me-
dium, then the surface sterilized kernels from three wheat varieties (AC RON- highly sus-
ceptible, Harus-susceptible, and Freedom-moderate resistant) were placed 2 cm above.
Controls were fungus-free. Fourteen-day-old seedlings were evaluated using scale from
zero (no symptoms) to five (the mycelium covered seed, roots discoloured, and seedling
growth stopped).

RESULTS AND DISCUSSIONS

Fusarium spp. colonies were isolated from sixteen cultivars of spring barley from Ontario
Performance trial (34.8%). Differences in susceptibility to Fusarium were found among
cultivars, based on percent of seed infected with Fusarium spp. For the group of barley
varieties tested, two-rowed types had less FHB than six-rowed types. These results are
consistent with those of Tekauz et al. (2000). AC Sirius, AC Stephen, and C231-041 were
the most susceptible genotypes to FHB. F graminearum was the predominant species (68
%), followed by F. sporotrichioides (10 %), F. poae (8 %), F. equiseti (6 %), F. verticillioides (4
%), F. subglutinans (2 %), and F. proliferatum (2%). The same Fusarium species have been
identified from wheat, and corn crops grown across Ontario (1996-2000). There was corre-
lation between percent of Fusarium spp. and F. graminearum isolated from infected seed (r=
0.967). Thirty eight percent of the seed from the commercial field of Chapais barley was
infected with £ graminearum.

Morrison (two-row barley) responded better to protection by fungicides than did Chapais
(six-row barley). Mean DON content was (1.8 versus 6.5 ppm). The highest rate of
FOLICUR, reduced DON level significantly on the variety Morrison.

The E graminearum isolates from barley crop, were pathogenic on the three wheat varieties
tested (Table 3). The differences in the wheat genotype’s reactions to barley isolates which
were similar to their reactions to wheat isolates (DAOM178148).
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Table 1. (previous page) Fusarium head blight reaction of 46 spring barley cultivars
after naturally infection at Elora Research Station, Guelph, Ontario, 2000.

Treatment # Cultivar Percent seed | Percent seed
infected infected by F.
graminearum
1 ACKINGS 0 0
2 AC PARKHILL 1 1
3 AC SRIUS 9 7
4 AC STERLING 0 0
5 ALMONTE 0 0
6 BELMORE 0 0
7 FORMOSA 0 0
8 MORRISON 0 0
9 SUNDERLAND 0 0
10 VIKING 0 0
11 CM96503 0 0
12 T123-172 0 0
13 T125-053 0 0
14 T169-055 0 0
15 T193-198 1 0
16 96/1110 0 0
17 96/1114 0 0
18 AB168-11 0 0
19 AC ALMA 2 1
20 AC HAMILTON 0 0
21 AC LEGEND 1 1
22 AC STEPHEN 9 5
23 AC WESTECH 0 0
24 ACCA 1 0
25 BRUCEFIELD 0 0
26 CHAPAIS 5 5
27 FOSTER 2 1
28 GRANT 1 0
29 LEGER 0 0
30 MYRIAM 0 0
31 NELLYGAN 0 0
32 OAC BAXTER 3 2
33 OAC KIPPEN 0 0
34 SANDRINE 0 0
35 VIVIANE 0 0
36 AB186-3 0 0
37 ABI89 0 0
38 CM862.6 1 0
39 Cl62-120 0 0
40 C166-050 0 0
41 C229-004 0 0
42 C231-041 7 5
43 OB$4065-125 3 2
44 OB$4065-157 1 1
45 OBA181-43 3 3
46 0S94-544 0 0
Totd 50 34
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Table 2. Fusarium head blight control in spring barley (Chapais and Morrison) with foliar
application of fungicides. Ontario, 2000.

Treatments Rate product/ha | Chapais DON | Morrison DON
(ppm) (PPm)
Control 6.5 2.3
FOLICUR 432 F 289 mL 6.8 1.8
FOLICUR 432 F 364.6 mL 5.9 13
TILT 250 EC 500 mL 6.7 16
Mean 6.5 1.8
LSD (P=.05) 15 0.8

Table 3. The pathogenicity tests of F. graminearum isolated from barley on three winter
wheat cultivars AC RON, Harus, and Freedom, using scale from zero (no symptoms) to
five (the mycelium covered seed, roots discoloured, and seedling growth stopped).

Isolate AC RON |Harus Freedom
Control 0 0 0
DAOM178148 4.8 461 3.72
#22 3.99 2.75 3.64
#42 5 45 242
Chapais 4,55 4.82 4.3
Mean 459 417 3.52
LSD (P=.05) 0.5 152 1.01
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THEMECHANISM OF FORCIBLE DISCHARGE OF ASCOSPORESIN
GIBBERELLA ZEAE
H. Xu, 1.Gaffoor, C. Andriesand F. Trail*

Department of Botany and Plant Pathology, Michigan State University, East Lansing M1, 48824
*Corresponding author: PH: (517) 432-2939, E-mail: trail.msu.edu

ABSTRACT

In Gibberella zeae, ascospores are forcibly discharged from perithecia forming on debris
and are believed to form the primary inoculum of head blight disease. The mechanism of
forcible discharge of ascospores has not been well studied in any ascomycetous fungus.
We are using physiological and genetic studies to elucidate this mechanism. It is clear that
osmotic pressure builds up within the ascus and serves as the force behind discharge. We
have identified several factors that are likely involved in this increase in pressure. In addi-
tion, the use of insertional mutagenesis to isolate discharge minus mutants is in progress.
Analysis of discharge minus mutants will provide insight into this mechanism. This work
should identify novel targets for control of Gibberella zeae.
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AFLPMARKERSINDICATELITTLEDIVERGENCE BETWEEN U.S.
CORN BELT POPULATIONS OF FUSARIUM GRAMINEARUM
(GIBBERELLA ZEAE)

K.A.Zéler,R.L.Bowden*,and JF. Ledie

Deptartment of Plant Pathology, Kansas State University, Manhattan, KS, 66506
*Corresponding author: PH: (785) 532-1388, E-mail: rbowdent@plantpath.ksu.edu

ABSTRACT

In 1999, we surveyed wheat-scab populations from five states within the U.S. Corn Belt. We
isolated Fusarium samples either directly from scabby wheat heads, or from individual
seeds within contaminated seed-lots. We have examined 42 polymorphic AFLP loci for 71-
75 randomly selected Fusarium isolates from each tested population. The percentage of
thesse isolates that we identified as Fusarium graminearum (Gibberella zeae) ranged from
a low of 79% (56/71) from an lllinois seed-lot, to 100% (71/71) from a Kansas wheat head
sampling. Divergence among F. graminearum populations from these five states was low.
Pairwise G, values ranged from only 0.013 to 0.040, and indicate high rates of effective
migration (Nm) between populations. We observed a positive, but statistically insignificant,
correlation (r=0.46, p = 0.18) between inter-population geographic separation and G,
values. These data provide support for the hypothesis that regional populations of £
graminearum within the U.S. Corn Belt are part of a single, largely panmictic,
metapopulation.
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DIAGNOSTICVOMITOXIN (DON) SERVICESIN 2000-2001
Howard H. Casper*

Department of Veterinary and Microbiological Sciences, North Dakota State University, Fargo, ND, 58105
*Corresponding author: PH: (701) 231-7529, E-mail: hcasper@ndsuext.nodak.edu

INTRODUCTION

Fusarium Head Blight (FHB) is an important problem for American agriculture. Resolving
the FHB problem involves cooperative efforts, including analytical assays for vomitoxin in
the new wheat and barley varieties. In 2000, the US Wheat and Barley Scab Initiative
provided grants, for diagnostic vomitoxin (DON) services, to 4 laboratories in Michigan,
Minnesota, and North Dakota. The following provides an insight into the methods, quality
assurance and number of samples processed by each laboratory.

MATERIALS AND METHODS

The 3 laboratories in Minnesota and North Dakota all use the method of Tacke (1), followed
by GC/EC or GC/MS guantitation. Michigan used the Neogen Veratox system.

MICHIGAN

Lab Director: L. Patrick Hart, Ph.D., Dept. of Botany & Plant Pathology, Michigan State
University, East Lansing, Ml 48824, Phone: 517-353-9428, Fax: 517-353-5598,
e-mail: hartl@pilot.msu.edu

Method: Water extraction and DON quantitation with the Neogen Veratox kit

Sample Types: Wheat and barley

Intralab Quality Assurance: Wheat Pool (2.2 ppm DON)

MINNESOTA

Lab Director: Weiping Xie, Ph.D., Dept. of Plant Pathology, University of Minnesota, 495
Borlaug Hall, 1991 Upper Buford Circle, St. Paul, MN 55108, Phone: 612-625-2751, Fax:
612-625-9728, e-mail: weipingx@puccini.crl.umn.edu

Method: Acetonitrile: water extraction, silylation and DON, 15 A-DON, 3 A-DON quantitation
by GC/MS, plus a screen for 8 other trichothecenes.

Sample Types: Wheat and barley

Intralab Quality Assurance: Wheat Pool (12.9 ppm)

NORTH DAKOTA

Lab Director: Howard H. Casper, Ph.D., Dept. Vet. and Micro. Science, North Dakota State
University, Fargo, ND 58105, Phone: 701-231-7529, Fax: 701-231-7514,

e-mail: hcasper@ndsuext.nodak.edu

Method: Acetonitrile: water extraction, silylation and DON, Nivalenol, 15 A-DON,
guantitation by GC/EC. Full screens for 17 mycotoxins can also be done by GC/MS.
Sample Types: Wheat and barley

Intralab Quality Assurance: Wheat Pool (1.8 ppm DON), Barley Pool (3.2 ppm DON).
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NORTH DAKOTA

Lab Director: Paul B. Schwarz, Ph.D., Dept. Cereal Science, North Dakota State University,
Fargo, ND 58105, Phone: 701-231-7732, Fax: 701-231-7723

e-mail: nubarley@badlands.nodak.edu

Method: Acetonitrile: water extraction, silylation and DON quantitation by GC/EC

Samples Types: Barley and malt products

Intralab Quality Assurance: Barley Pool (3.4 ppm DON), Wheat Pool (2.0 ppm DON)

PROFICIENCY CHECK SAMPLES

In August of 2000, H. Casper collected wheat and barley samples from local sources and
distributed these samples on a monthly basis. A wheat sample and a barley sample was
sent on each occasion and the data was collected from each laboratory within one week.
Each laboratory did the DON analyses in their normal fashion. These check samples al-
lowed each laboratory to evaluate the accuracy and precision of their system.

RESULTS AND DISCUSSION

Information from the 4 laboratories, pertaining to quality assurance, number of samples
analyzed and proficiency check samples is listed in Tables I, Il and IlI.

Table I. Intralab Vomitoxin Quality Assurance (QA) Data for May — November, 200

MICH —P. Hart QA: Wheat Pool; n=56, Ave=16ppm, cv=7%
MINN —W. Xie QA: Wheat Pool; n=25, Ave=129ppm, cv=11%
ND —P. Schwarz QA: Wheat Pool; n=38, Ave=20ppm, cv=12%
QA: Barley Pool: n=48, Ave=34ppm, cv=18%

4. ND —H. Casper QA: Wheat Pool; n=59, Ave=18ppm, cv=8%

“ “ “:Barley Pool; n=59, Ave=3.2ppm, c¢v=7%

wN e

Food Safety, Toxicology and Utilization
195



2000 National Fusarium Head Blight Forum

Table Il. Estimated Vomitoxin Assays for 2000 — 2001.

ppm DON
L ab Method | Grain [Aug.00 [Sep.00 |[Oct.00 [Nov.00 Ave.
MICH — P. Hart Elisa | Wheat 10.8 1.5 0.6 7.2 5
MINN —W. Xie GC/IMS | Wheat 11.4 0.6 0.6 5.6 4.6
ND — H. Casper GC/ECD| Wheat 10.6 0.8 0.6 5.8 4.5
ND —P. Schwarz |GC/ECD| Wheat 13.2 0.8 0.3 4.2 4.6
Ave. 115 0.9 0.5 5.7
MICH — P. Hart Elisa | Barley 2 6.6 7.9 14.5 7.8
MINN —W. Xie GC/MS | Barley 2 5.6 7.4 14.7 7.4
ND — H. Casper GC/ECD| Barley 2 5.7 7.8 14.2 7.4
ND —P. Schwarz |GC/ECD| Barley 1 4.4 9.5 10 6.2
Ave. 1.8 5.6 8.2 13.4
Table Ill. Interlab Vomitoxin Proficiency Check Samples.
pm DON

Lab Method [ Grain | Aug. 00| Sep.00 | Oct. 00 | Nov. 00 Ave

MICH —P. Hat Hisa Wheat 10.8 15 0.6 7.2 50

MINN —W. Xie GC/IMS Wheat 114 0.6 0.6 56 4.6

ND —H. Casper GC/ECD | Wheat 106 0.8 0.6 58 45

ND —P. Schwarz GC/ECD | Whedt 132 0.8 0.3 42 4.6

Ave 115 09 05 57

MICH —P. Hat Hisa Barley 2.0 6.6 79 145 7.8

MINN —W. Xie GC/IMS Barley 20 56 74 14.7 14

ND —H. Casper GC/ECD | Baley 2.0 57 7.8 14.2 14

ND —P. Schwarz GC/ECD | Baley 10 44 95 10.0 6.2

Ave 18 56 82 134

The data in Table | shows that the intralab coefficient of variation for the 4 labs varies from

6 to 16% on the control pools that were analyzed with the test samples. The interlab profi-
ciency check samples demonstrated that the 4 laboratories are getting similar results. The
ELISA kit (2) provided a reasonable intralab coefficient of variation and the overall data was
not significantly different from the chromatographic techniques. In the FHB campaign for
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2000-2001, we estimate that ~23,000 samples will be processed by the 4 laboratories for
~42 principal investigators in ~16 states.

The interlab proficiency check samples will be continued in the FHB campaign for 2001-
2002. Each laboratory will be evaluating means of refining their analytical techniques.
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DON LEVEL IN GRAIN FROM WHEAT INOCULATED WITH F.
GRAMINEARUM ISNOT CORRELATED TO THE DON PRODUCING
POTENTIAL OF INDIVIDUAL CULTURES
R. W. Stack*?,C. E. Wolf-Hall?, H. H. Casper®and J. M. Hansen*

Department of Plant Pathology; 2Department of Food & Cereal Science; and
*Department of Veterinary Science and Microbiology, North Dakota State University, Fargo, 58105
*Corresponding author: PH: (701) 231-7077, E-mail: rstack @ndsuext.nodak.edu

ABSTRACT

A collection of twelve cultures of F. graminearum isolated from corn and wheat were previ-
ously tested for production of deoxynivalenol (DON). The isolates produced a range of low
(<1ppm) to high (>20) DON levels under standard test conditions. (Wolf-Hall and Bullerman.
1998. J.Food Mycol. 1:171-180.) Some researchers have claimed that DON is a pathoge-
nicity factor in Fusarium Head Blight (FHB). We used this set of isolates to test that hypoth-
esis. Isolates were tested for disease causing ability using methods used previously (Stack,
1989. Can. J. Pl. Path. 11:137-142). The isolates were grown on half-strength PDA under
ambient room lighting for two weeks; conidia were washed from plates and suspensions
adjusted to 50k/ml. Droplets (10ul) were placed into single spikelets on flowering wheat
heads. After 3.5 weeks of incubation, individual heads were scored for FHB severity on a 0-
100% scale. Plants matured naturally and inoculated heads were harvested and threshed.
Grain was examined for tombstone kernels and was analysed for DON and other mycotox-
ins by GC-MS. The cultures varied in disease-causing ability. Three isolates were weakly
pathogenic while four others were highly pathogenic, comparable to standard tester iso-
lates; the remaining isolates were intermediate. FHB severity and tombstone kernels in
grain were highly correlated to each other but neither was correlated to the toxin production
potential previously determined for these cultures. The DON level in the grain was most
highly correlated to the percent of tombstones and was not correlated to the isolate toxin
potential determined previously. This study does not support the hypothesis that DON plays
a major role in FHB disease development. These results agree with a similar study recently
reported elsewhere (J. Gilbert et al. 2000. Proc. Int. Symp. Wheat Improv. for Scab Resist.,
Suzhou and Nanjing, China. p218-223.).
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Table 2. Some promising BW/SH derivatives tested in Toluca for the various Scab
resistance categories (Type I to IV) and grain finish over 2 years in Toluca.

Typel* Typell* DON Test weight Grain
Lines 1998-1999 1998-1999 (ppm) losses (%) (0-5)1
TURACO/5/CHIR3/4/SIREN//ALTAR 84/Ae. tauschii
(205)/3/3*BUC 8 9.9 0.6 53 2
CASS94Y 00034S-24PR-2B-0M -0FGR-0FGR-0FGR
BCN//DOY 1/Ae. tauschii (447) 9.6 10.1 1 26 1
OFRG
MAYOOR//TK SN1081/Ae. tauschii (222) 7.3 9.9 1.2 6.1 1
CASS94Y 00009S-18PR-3M-0M -0FRG-0FRG-0FRG
MAYOOR//ITK SN1081/Ae. tauschii (222) 4.1 11.7 1.2 6.5 1
CASS94Y 00009S-50PR-2B-0M-0FRG-0FRG-0FRG
SUMAI # 3 (resistant check) 3 12.9 0.3 38.6 3
FRONTANA (moderately resistant check) 11.6 22.4 2 7.7 2
* = Percent damage
t = Grain 0 = Excellent (no differences in appearance with fungicide protected grain).

Table 3. Scab screening (Type Il) of promising intergeneric amphiploids and backcross
| fertile combinations at Toluca, Mexico.

Germplasm pedigree 2000
Amphiploids

CS/Th. dlongatum (2n=8x=56) 6.2*
CSYTh. scirpeum (2n=10x=70) 7.5
CS/Th. bessarabicum (2n=8x=56) 6.5
Th. elongatum/GOSHAWK (2n=8x=56) 15.2
Backcross| Self Fertiles

CS/Th. curvifolium//PAVON (2n=8x=56) 14.8
CSYTh. scirpeum//CIANO 79 (2n=8x=56) 5.2
CS/Th. scirpeumn //PAVON (2n=8x=56) 10.6

* Percentage score means from 10 spikes tested.

Germplasm Introduction and Enhancement
224



2000 National Fusarium Head Blight Forum

FUSARIUM HEAD BLIGHT REACTION OF DURUM WHEAT LINES
CONDITIONED BY CHROMOSOME SUBSTITUTIONSFROM
TRITICUM TURGIDUM L. VAR. DICOCCOIDES
R.W. Stack™*, E. Elias?, L.R. Joppa®, and J.D. Miller?

Deptartment of Plant Pathology; 2Deptartment of Plant Sciences; and 2 USDA-ARS,
Northern Crop Sci. Lab., North Dakota State University, Fargo, ND, 58105
*Corresponding author: PH: (701)231-7077, E-mail: rstack@ndsuext.nodak.edu

ABSTRACT

Fusarium head blight (FHB) is a serious disease problem on durum wheat ( Triticum
turgidum L. var. durum). As far as has been reported to date, the resistance to FHB avail-
able in hexaploid wheat sources has not successfully been transferred to durum — a tetrap-
loid wheat. Wild emmer (Triticum turgidum L.var. dicoccoides) is a wild tetraploid wheat that
possesses many interesting traits including some unique disease resistances. In the 1980’s,
USDA geneticist L.R. Joppa produced a set of disomic substitution lines derived from
‘Langdon’ durum, each with a different pair of chromosomes from T. t. dicoccoides substi-
tuted for the corresponding durum chromosomes. We tested these lines for FHB response
by inoculation with Fusarium graminearum under controlled conditions in several repeated
experiments. One of the lines, LDN(DIC-3A), was significantly less susceptible and an-
other, LDN(DIC-2A), was significantly more susceptible in all trials when compared to the
‘Langdon’ durum parent, which itself showed an intermediate FHB reaction. Several other
substitution lines were significantly more or less susceptible than ‘Langdon’ in some experi-
ments. Since each line differs by an entire chromosome pair, the results suggest that FHB
resistance genes are on several different chromosomes in durum. Chromosome 3A is not
among those which have been identified in recent papers as a site of resistance genes in
hexaploid wheat. (This poster was presented at the 1999 American Phytopathological Soc.
Annual Meeting in Montreal, Canada. This abstract in slightly different form was published in
Phytopathology 89:S74)
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INHERITANCE OF RESISTANCE TO FUSARIUM HEAD BLIGHT
IN SPRING WHEAT F-1HYBRIDS
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Deptartment of Plant Pathology and 2Deptartment of Plant Sciences,
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ABSTRACT

Fusarium Head Blight (FHB), caused by Fusarium graminearum, has occasioned serious
economic loss in spring cereals in the north-central United States. As a result, resistance to
FHB has become a high priority for spring wheat breeding. In replicated greenhouse experi-
ments, we tested the FHB reactions of reciprocal F-1 hybrid wheats from seven crosses
between four FHB-resistant parents and four susceptible adapted lines. Resistant parent
lines were removed by one, two, or three breeding cycles from the Chinese line “Sumai3”,
the original resistance source. For all crosses the FHB reaction of the F-1's were intermedi-
ate between the resistant and susceptible parents (Table 1). The reciprocal F-1's did not
differ from each other. In development of hybrid wheat requiring FHB resistance, both
parents will likely have to carry resistance if Sumai3 derived resistance sources are to be
used. (This poster was presented at the International Symposium on Wheat Improvement
for Scab Resistance, Suzhou and Nanjing, China, May 5-11, 2000. The paper is in those
Proceedings p.94-97.)

Table 1. Fusarium Head Blight reaction of resistant and susceptible parents and recip-
rocal F-1 hybrid spring wheat lines inoculated with Fusarium graminearum.

FHB  FHB severity (%) Visua FDK
Genotype incidence (%)
RESISTANT PARENT 0.45 11.1 0.8
F-1 (female=RESISTANT) 0.53 28.3 3.6
F-1 (female=SUSCEPTIBLE) 0.53 30.5 29
SUSCEPTIBLE PARENT 0.74 63.2 11.1
FLSD(.05) 0.12 10.4 19
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INHERITANCE OF SCAB RESISTANCEIN
SAPPOROHARU KOMUGI JUGO
X.Zhang, Y. Jin*, and J. Rudd

Plant Science Department, South Dakota State University, Brookings, SD, 57007
* Corresponding author: PH: (605) 688-5540, E-mail: Yue_Jin@sdstate.edu

ABSTRACT

A spring wheat cultivar, Sapporo Haru Komugi Jugo (P1 81791) originated from Japan, has
shown consistent resistant response to scab or Fusarium head blight (FHB) in various tests
under greenhouse and field environments. Inheritance of FHB resistance was investigated
in a cross using Wheaton as the susceptible parent. Backcross F, (BCF,) families were
evaluated in the greenhouse for their response to point-inoculation. BCF, plants with low
disease severity were harvested and F, plants were re-evaluated for FHB reaction to con-
firm the resistance in F, plants. Frequency distribution of the number of heterogeneous
resistant and homogenous susceptible BCF, families suggested that three dominant genes
may be involved in FHB resistance in Sapporo Haru Komugi Jugo.
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FUSARIUM HEAD BLIGHT RESISTANT SOURCES OF SPRING WHEAT
IDENTIFIED FROM THE USDA COLLECTION
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INTRODUCTION

The use of resistant cultivars in wheat will be one of the major components in managing
Fusarium head blight (FHB). Breeding for resistance is, however, hindered by a lack of
adequate resistant sources. ldentifying additional sources of resistance and incorporating
new resistances are critical for diversifying the current resistance gene pool and for enhanc-
ing the level of resistance. Since 1998, we have begun to characterize variations for FHB
resistance in the USDA National Small Grain Collection, focusing on spring wheat acces-
sions from regions where FHB has historically been problematic. This report summarizes
the methodology, resistant selections made from previous years, and observations of rust
reactions of these selections.

MATERIALS AND METHODS

In the past three years, we have been working towards the development of a germplasm
evaluation and enhancement scheme from which reliable data can be derived while main-
taining the efficiency of screening operation and the accessibility of the selected germplasm.
The scheme is illustrated (Fig. 1) and described as following.

1. Entries were planted into single 4-foot row plots in a field nursery. The nursery was inocu-
lated with Fusarium-colonized corn grains at a weekly interval for four consecutive weeks
beginning at the early jointing stage of plant development. Ground was maintained moist
through irrigation to promote perithecial development. Entries at anthesis were tagged and
inoculated with a conidial suspension (50,000-75,000 conidia/ml) using a sprayer. A second
spray-inoculation was applied seven days later. The nursery was mist-irrigated following a
schedule of 3-min misting with 30-min recess between 8:00pm and 9:00am during the
course of inoculation. We used this intense inoculation protocol to generate high disease
pressure throughout the evaluation period to select for high levels of resistance and to
prevent disease escape due to late tillering or differences in heading dates. ND 2710,
BacUp, Wheaton and Sonalika (with different levels of resistance/ susceptibility and matu-
rity) were used as checks and check-to-entry ratio was 1:37.

Disease severity (% of infected spikelets) and incidence (% of infected spikes) were re-
corded 14 to 20 days after the first spray inoculation on 20 spikes/plot, depending upon the
disease development. Entries (or plants within an entry) with a low disease index
(severity*incidence) were selected for further testing. In addition to selections based on
FHB index, entries with good seed setting were selected. Selections from PSN were in-
creased in an off-season nursery in New Zealand.
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2. Field selections were evaluated in the greenhouse in the fall and again in the spring by
spray and point inoculation. These evaluations were designed 1) to verify the resistance of
field selections, and 2) to characterize the resistance types. Approximately 30-50 plants
were evaluated in each of the two greenhouse seasons. Plants were grown in pots and
inoculated at anthesis. Inoculated plants were incubated in a mist-chamber for 48 hours.
Although selections were made to derive the entries of the Elite Germplasm Nursery (EGN)
for next year, the selection pressure was minimal at this stage in order to avoid eliminating
genotypes with good field resistance.

3. Greenhouse evaluations of PSN selections were used to derive entries for the EGN of
next year. Entries were planted in 4-foot rows and replicated three times in a randomized
complete block design. In 2000, 160 lines selected from 1998 and 1999 PSNs were tested
in EGN with a check-to-entry ratio of 1:26. Nursery management (tagging of flowering stage,
inoculation and irrigation) and check varieties were the same as that of PSN. Fusarium
head blight incidence and severity were recorded. All entries were harvested for scoring
seed infection, yield (weight per row), and volume-weight. Selected entries with low or
moderate FHB reactions were tested for DON using bulked seed (among reps). Selections
from EGN will be evaluated again in the next year's EGN. Entries of EGN were also evalu-
ated for stem rust and leaf rust in field rust nurseries.

4. Five to six most elite selections from EGN were entered into the Uniform Regional Scab
Nursery for spring wheat. This allowed evaluations of the elite selections over multiple
locations, and provided the accessibility to individual programs for crossing.

RESULTS AND DISCUSSION

Evaluation data (FHB index converted into a 0-9 scale) from the 1998, 1999, and 2000
PSNs were reported in the GRIN database (USDA-ARS, National Genetic Resources
Program, Germplasm Resources Information Network, www.ars-grin.gov/cgi-bin/npgs/html/
desc.pl?65066). Lines with low FHB reactions (disease index <40% and tombstone <40%)
were considered as elite selections (Table 1). Lines with intermediate FHB reactions (dis-
ease index <55% and tombstone <55%) are given in Table 2. Lines with low disease index
but high tombstone percentage (>55%), or vise versa, were also listed in the intermediate
group. In the elite selection group (Table 1) the correlation coefficients were highly signifi-
cant between disease index and %tombstone (r = 0.83) and between disease index and
DON content (r = 0.74). The correlation coefficient between %tombstone and DON content
was also significant (r = 0.68). Disease index and %tombstone was not correlated in the
intermediate group (Table 2). Some of the selections possess resistance to leaf rust and/or
stem rust under natural rust infections (Table 1 & 2).
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[ Preliminary Screening Nursery (PSN)|

New Zealand
seed increase

[ Greenhouse confirmation and selection]

| Elite Germplasm Nursery (EGN)|

/

Aberdeen seed
increase

[ Uniform Regional Scab Nursery (URSN)|

Figurel. A scheme used for identifying Fusarium head blight resistancein spring wheat.
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Table 1. Spring wheat germplasm selections with low FHB reaction from the 2000 Elite
Germplasm Nursery.

FHB
Improv. index Tombstone DON Leaf® Stem’

Accession ID Origin Status (%) (%) (ppm) rust rust
Pl 382167 16-52-9 Brazil breed. mat.® 109 233 55 tR 60MS
Pl 382161*  Tokai 66 Brazil cultivar 112 16 1.9 90S 80S
Pl 349478  193C Switzerland landrace 115 10 4.4 g -
Pl 382154 Nyu Bai Japan landrace 119 15 15 90S  80S
Cltr 5103 274 Argentina landrace 131 19 16.5 90S  90S
Pl 350768  697108.42 Austria landrace 143 217 6.1 tMS 0
Pl 382140°  Abura Brazil cultivar 151 383 33 10MS O
Pl 214392  Colotana266/51  Brazil cult. mat” 157 30 163 - -
Pl 382153 Nobeoka B. Japan landrace 181 138 48 90S 60S
Pl 462151 S.C.W.No. 3 China cult. mat. 20 18.8 4.2 60S 80S
PI 81791  SgpporoH.K.J  Japan cultivar 205 217 18 30MS 30S
Pl 294975 Artemowska Bulgaria cult. mat. 245 20 114 - -
Pl 163429 Argentina cult. mat. 249 30 12 90S  60S
Pl 345731 TezanosP. P. Argentina cultivar 304 20 12 80S tMS
Pl 264927 220 Greece landrace 319 167 5.6 80S 50MS
Pl 185380°  Prodigio . Italy cult. mat. 322 275 112 9SS 0
Pl 192660 Prodigio I. Itay cult. mat. 345 225 16.4 90S 10MR
Pl 285933 Chudoskagja Poland cult. mat. 347 267 218 80S 80S
PI 362437 111/14-B Yugodavia landrace 355 333 8.9 90S  60S
Pl 351743 Cluj 49-926 Romania cultivar 391 26 9.1 90S 50MS
Cltr 11215 Belgrade 4 Yugosavia cult. mat. 396 35 9.2 80S 70MS
Cltr 17427 16-52-2 Brazil breed. mat. 39.7 333 194 10MR 70S
Pl 104131°  Excelsior Argentina cultivar 406 217 7.6 90S  70MS
Pl 519798 PF 79782 Brazil breed. mat. 40.7 275 14.6 40MS O
Pl 256958 Academia 48 Romania cultivar 424 20 11.7 70S  60S

ND 2710--ck USA breed. mat. 14.2+2,22.8+8.8 54
Pl 596533 BacUp--ck USA cultivar 25.5+7.30.8£5.5 1.7
Pl 469271 Wheston--ck USA cultivar 86.9+1.93.3t5.4 243
Pl 478282 Sonalika--ck India cultivar 87.1+2. 76.4+9.5 37
# Lines were tested in the 2000 Uniform Region Scab Nursery for spring whest.
® Lines will be tested in the 2001 Uniform Region Scab Nursery for spring wheat.
“ DON of bulked seed (among reps) was tested by Dr. Paul Schwarz at North Dakota State University.
¢ Observations on leaf and stem rust reactions were based on natural infection in field rust nurseries.
© Breeding material.
' Cultivated material.
Y Not tested.
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Table 2. Spring wheat germplasm selections with intermediate FHB reaction from the
2000 Elite Germplasm Nursery.

Improv. FHB Tombstone Leaf Stem
Accession 1D Origin status index (%) (%) rust rust
Pl 519434  PF 82192 Brazil breed. mat. 15.3 53.3 30s 10MS
Pl 519790 274-1-118 Uruguay breed. mat. 19.3 40.0 60S 58
Pl 434987  Estanzuela. Uruguay cultivar 19.6 58.0 30S 70S
P1 182583  Chuko Japan landrace 19.9 78.8 80S 80S
Pl 182561  SinChunaga Japan cult. mat. 20.8 86.7 90S 60S
Pl 351256  Japon 2 Japan cult. mat. 21.2 41.7 30S 80S
Pl 182568 Norin 34 Japan cultivar 21.3 46.7 100S 50S
Cltr 12002  Renacimiento Uruguay cultivar 24.9 41.7 90S 90S
Pl 411132  Gogatsu-K. Japan cultivar 27.6 77.5 0 40M S
Pl 382144  Encruzilhada Brazil cultivar 29.6 45.0 40S 90S
Pl 182586  Norin 43 Japan cultivar 30.0 50.0 30S 80S
Pl 182565 HayaK. Japan cult. mat. 318 53.3 5MR 80S
Cltr 12021  Centenario Uruguay cultivar 32.2 417 90S 30S
Pl 351816  Froment D. J. Switzerland cult. mat. 331 70.0 90S 60S
Pl 337151  Magnif 100 Argentina cultivar 34.8 46.7 90S 90S
Pl 351898 B 130 Switzerland breed. mat. 37.9 70.0 40MS  80S
PI 83729 Magyarovar 81 Hungary cultivar 38.3 46.0 70S 70MS
Pl 263422  Forlani Y ugoslavia cultivar 39.6 56.7 70S 70MR
Pl 182591  Norin 61 Japan cultivar 40.1 66.7 - -
Pl 272348  Lontoi Hungary cultivar 40.2 26.7 90S 80S
Cltr 13136 RioN. Brazil cultivar 42.8 50.0 70S 70S
Pl 264998 628 Greece landrace 43.7 30.0 30S 10R
Pl 57364 Cltr 7175 China landrace 45.0 55.0 - -
Pl 185383 3084 Argentina cult. mat. 454 50.0 90S 70S
Pl 584926  Pantaneiro Brazil cultivar 47.0 45.0 90S 0
Pl 168727  Bahiense Argentina cultivar 47.5 25.0 90S 50S/0
Pl 210869  4207-50 Brazil breed. mat. 48.5 56.7 10R 10MR
Pl 192219  Hatvani Hungary cultivar 48.8 36.7 90S 20MS
PI 520498  Jacui Brazil cultivar 49.0 43.3 5MR 30S
Pl 185843  Surpresa Brazil cultivar 49.2 42.5 80S 20S
Pl 351187 T.V.S. Switzerland breed. mat. 49.5 26.7 80S 80S
Pl 203083  Wabian Paraguay cult. mat. 51.1 325 1I0OMR 20MR
Pl 163428 Argentina cult. mat. 51.8 46.7 - -
Pl 352000 Z.89.37 Switzerland breed. mat. 52.2 26.7 90S 30MS
Pl 344467  Oncativo l. Argentina cultivar 53.1 38.8 10MS 10R
Pl 192634  Trintecinco Brazil cultivar 53.7 41.7 90S 10MR
Pl 233207  Odesskaja 13 Ukraine cultivar 54.3 325 60S 40MS
Pl 349534  533B Switzerland landrace 54.3 26.7 90S 60S
Pl 214394  Colotana 1085/50 Brazil breed. mat. 54.7 30.0 - -
Pl 264940 11la Greece landrace 55.3 41.7 5R 5R
Pl 351476  Vaulion Switzerland cultivar 55.8 25.0 90S 50MS
Pl 344465 Laureano A. L. Argentina cultivar 56.0 36.7 5MS 40S
Cltr 2492 Manchurian China landrace 57.0 25.0 - -
Pl 184221 BR 5480 Y ugoslavia landrace 57.5 45.0 70S 50MS
Pl 192229 GranC. U. Romania landrace 57.7 317 80S 30MS
Pl 584934  Whestphalen Brazil cultivar 57.8 41.3 tR tR
Pl 352118 62 FF 70 Switzerland breed. mat. 58.1 50.0 5MR 70MS
Pl 351993 7.88.54 Switzerland breed. mat. 58.4 30.0 70S 30MR
P1 168716  Klein Condor Argentina cultivar 58.9 35.0 70S 60MS
Pl 352062 VivelaMar Argentina cult. mat. 58.9 50.0 70MR  70S
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Table 2. (continued)

Improv. FHB Tombstone Leaf Stem

Accession ID Origin status index (%) (%) rust rust

Pl 362043  Arnaut DeT. Romania cultivar 59.6 233 90S 30MS
Pl 344454  Buck Austra Argentina cultivar 60.0 28.8 10OMR  50S
Pl 192498 IV C... Argentina cultiv. mat. 61.8 475 60S 80MS
Pl 185216 3111 Argentina cultiv. mat. 61.9 50.0 1OMR  60MS
Pl 113949  Stepnjachka Ukraine cultivar 63.0 38.3 30S 30MR
Pl 168653 KleinC Argentina cultivar 63.2 46.7 20S 70MS
Pl 113948  Kooperatorka Ukraine cultivar 64.3 26.3 50MS 40MS
Cltr 14371  8475-59 Brazil breed. mat. 65.6 36.7 80MS 10MR
Pl 559677  Ljutseune 76 Yugoslavia cultiv. mat. 69.3 50.0 90S 80S

Pl 349448  1882B Switzerland landrace 71.3 433 80S 60MS
Pl 57363 163 China landrace 72.2 41.7 90S 70S

Pl 184512 H51 Argentina breed. mat. 76.7 333 20MR  40MR
Pl 192647  Granadero Argentina cultivar 77.0 48.3 60S 40MS
Pl 349447  1882A Switzerland landrace 77.3 20.0 - -

Pl 351649  263.25-2 Switzerland breed. mat. 78.3 46.7 90S 40S
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GEOGRAPHICAL DISTRIBUTION AND PEDIGREE ANALY SISOF
FUSARIUM HEAD BLIGHT RESISTANT SELECTIONSFROM THE
USDA SPRING WHEAT GERMPLASM COLLECTION
X.Zhangt, Y. Jin*, R. Rudd?, J. Rudd*, and H. Bockelman?

Plant Science Department, South Dakota State University, Brookings, SD, 57007,
2USDA-ARS, National Small Grains Germplasm Research Facility, Aberdeen, ID
*Corresponding author: PH: (605) 688-5540, E-mail: Yue_Jin@sdstate.edu

INTRODUCTION AND OBJECTIVES

Spring wheat selections with low and intermediate Fusarium head blight (FHB) reactions
reported by Zhang et al. (this Proceeding) represented a diverse pool of germplasm. The
objective of this research was to analyze the geographical distribution and pedigree of the
resistant selections. Information obtained from such analysis may help in identifying poten-
tial new gene pools for FHB resistance.

MATERIALS AND METHODS

A total of 1405 accessions of spring wheat with diverse origin (Table 1) were evaluated in
the Preliminary Screening Nurseries (PSN) in 1998 and 1999. Nursery management, inocu-
lation techniques, and selection criteria are described by Zhang et al. (this Proceeding).
Selections of PSN were evaluated in the Elite Germplasm Nursery (EGN) in 2000. This
report analyzed the geographical distribution and pedigree of the resistant selections from
EGN based on available information in GRIN (USDA-ARS, National Genetic Resources
Program, Germplasm Resources Information Network).

RESULTS AND DISCUSSION

Geographical distribution of the FHB resistant selections. Table 1 lists the geographical
distribution of the spring wheat germplasm evaluated and the frequency of selections.
Selections from South America contributed to 43.6% of the total selections, followed by
Europe (39.4%). While resistance from Asian germplasm has been recognized and used in
breeding worldwide, only 16.5% of the total selections were from Asia. The results suggest
that South America and Europe may possess FHB resistant gene pools, which may have
been under-exploited.

Resistance lines were identified from most of the countries tested (Table 1). In Asia, resis-
tance better or equal to Sumai 3 was not identified in test collections from China, while
some selections from Japan were better than or equal to reported Japanese resistant lines.
In Europe, resistance from Austria, Bulgaria, Greece, Hungary, Poland, Romania, Switzer-
land, Ukraine, Yugoslavia in addition to Italy was identified. Among the European countries,
Romania ranked the first in terms of ratio of number of selected lines to the number of tested,
Switzerland ranked the first in the number of resistant lines. The highest number of elite
selections (2 lines/country) was from Italy, Romania, and Yugoslavia. In South America,
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Argentina ranked the first for the ratio of selected lines to the number of lines tested,
whereas the highest number of elite selections (6 lines) was from Brazil. The fact that resis-
tant lines were identified from various countries may indicate that diversity of FHB resistant
sources exists, and systematic search and characterization based on the country of origin
may prove beneficial.

Pedigree analysis of the resistant selections. Of the 94 resistant selections, eighteen were
landraces (Table 2). Pedigree information was obtained on 42 cultivars or breeding materi-
als. Pedigree analysis in those 42 lines revealed that Frontana (Fronteira/Mentana) ap-
peared as the primary or secondary parent of nine selections, Shinchunaga in four selec-
tions, and Mentana in two selections (Table 3). Resistant selections from this study, includ-
ing Tokai 66, Surpresa, and Centenario, were parents of several other selections. Selections
of landraces and cultivars released prior to 1940 are given in Table 2. Although pedigree of
a landrace is not clear, the landraces may provide the most diversity for potentially new
genes for FHB resistance. Similarly, old cultivars may be more valuable for providing poten-
tially new resistance genes.
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Table 1. Number of spring wheat lines tested and selected from each country for low
and intermediate Fusarium head blight reaction.

Accessions Selections Composed of
Country tested Elite Interm. % selected  total selections (%)
Asia 149 4 12 10.3 16.5
China 73 1 4 6.8
Japan 76 3 8 14.5
Europe 887 11 26 4.2 394
Austria 174 1 0 0.0
Bosniaand Herzego 22 0 0 0.0
Bulgaria 12 1 0 8.3
Czech Republic 28 0 0 0.0
Greece 43 1 2 7.0
Hungary 32 0 3 9.3
Italy 123 2 2 33
Poland 45 1 0 2.2
Romania 29 2 2 13.8
Switzerland 291 1 11 4.1
Ukraine 26 0 3 115
Yugoslavia 62 2 3 8.1
South America 369 10 31 111 43.6
Argentina 130 4 14 21.5
Brazil 179 6 12 12.3
Paraguay 9 0 1 11.1
Uruguay 21 0 4 19.5
Others 30 0 0 0.0
Total 1405 25 69 6.7 100.0
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Table 2. Fusarium head blight resistant selections of landraces and cultivars released or
received by National Small Grains Collection (NSGC) before 1940.

Accession |ID Group Status NSGC received
year

Cltr 5103 274 Elite Landrace 1916
Pl 264927 220 Elite Landrace 1960
Pl 349478 193C Elite Landrace 1970
Pl 350768 697108.42 Elite Landrace 1970
Pl 362437 111/14-B Elite Landrace 1971
Pl 382153 Nobeoka Bozu Elite Landrace 1973
Pl 382154 Nyu Bai Elite Landrace 1973
Cltr 11215 Belgrade 4 Elite Cultivated 1929
Pl 81791 Sapporo Haru K. Elite Cultivar 1929
Pl 104131 Excelsior Elite Cultivar 1934
Cltr 2492 Manchurian Intermediate  Landrace 1904
Pl 57363 163 Intermediate  Landrace 1923
Pl 57364 Cltr 7175 Intermediate  Landrace 1923
Pl 182583 Chuko Intermediate  Landrace 1949
Pl 184221 BR 5480 Intermediate  Landrace 1949
Pl 192229 Gran Commune Ungerese Intermediate  Landrace 1950
Pl 264940 111a Intermediate  Landrace 1960
Pl 264998 628 Intermediate  Landrace 1960
Pl 349447 1882A Intermediate  Landrace 1970
Pl 349448 1882B Intermediate  Landrace 1970
Pl 349534 533B Intermediate  Landrace 1970
Cltr 12002 Renacimiento Intermediate  Cultivar 1936
Cltr 12021 Centenario Intermediate  Cultivar 1938
Pl 113948 Kooperatorka Intermediate  Cultivar 1936
Pl 113949 Stepnjachka Intermediate  Cultivar 1936
Pl 132856 Mentana Intermediate  Cultivar 1939
PI 83729 Magyarovar 81 Intermediate  Cultivar 1930
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Table 3. Fusarium head blight resistant selections with known resistant parent in their pedigrees.

Accession ID Origin Known resistant parent
Pl 584934 Whestphalen Brazil Frontana, Tokai 66
Pl 214392 Colotana 266/51 Brazil Frontana

Pl 345731 Tezanos Pintos Precoz Argentina Frontana

Cltr 14371 8475-59 Brazil Frontana

Pl 214394 Colotana 1085/50 Brazil Frontana

Pl 352118 62 FF 70 Switzerland Frontana

Pl 434987 Estanzuela 'Y oung Uruguay Frontana

Pl 519790 274-1-118 Uruguay Frontana

Pl 520498 Jacui Brazil Frontana

Cltr 12470 Frontana Brazil Mentana

Pl 344465 Laureano Alvarez Laah Argentina Mentana

Pl 182591 Norin 61 Japan Shinchunaga

Pl 182568 Norin 34 Japan Shinchunaga

Pl 182586 Norin 43 Japan Shinchunaga

Pl 411132 Gogatsu-Komugi Japan Shinchunaga

Cltr 13136 Rio Negro Brazil Surpresa, Centenario
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