1999 National Fusarium Head Blight Forum

USE OF A GFP STRAIN OF FUSARIUM GRAMINEARUM FOR
HISTOLOGICAL INVESTIGATION OF INFECTED BARLEY

W.R. Bushndll*, R.W. Skadsen?, T.N. Goff! and T. M. Hohn?

ABSTRACT

We are investigating development of Fusarium graminearum on and in barley florets and other
organs using atransformed strain of the fungus containing a constitutively expressed genefor green
fluorescent protein (GFP). The GFP strain fluoresces green when viewed by fluorescence
microscopy under blue or blue-violet incident light. The GFP strainiseasier to seein inoculated
living florets, leaf or coleoptiletissues (as viewed by epifluoresence microscopy) than are wild strains
(viewed by conventional light microscopy). To remove surface mycelium which can obscure fungus
development within underlying tissues, a2 to 1 (v/v) solution of cellulose acetate in acetoneis
applied to the tissue surface, allowed to dry for afew minutes, then stripped away, leaving the tissue
surfaceintact and free of mycelium. Ininitial experiments, inoculum in the form of mycelium
growing on mung bean agar blocks (2x12x0.5 mm) was applied to cut ends of detached |leaves,
coleoptiles, the palea, and the lemmafrom Robust (susceptible) and Chevron (partially resistant)
barley. After 24 hr, the block was removed. The fungus grew both into and on top of the inoculated
tissues. By three days after inoculation, hyphae within tissuesgrew 2.9-3.1 mminleaves, 1.2 - 1.5
mm in coleoptiles and paleas, but lessthan 0.2 mm in lemmas (as measured from the cut endsto the
advancing hyphal front). Inleaves, the distance wasincreased to 4.5 - 5.3 mmi if the inoculum block
was left in place 48 hr instead of 24 hr. Hyphae within tissues were subcuticular and intercellular.
Plant cellsin colonized leaves remained green 2-2.5 mm behind the advancing hyphae front. Tissues
more than 2.5 mm from the front became chlorotic, losing the red fluorescence of chlorophyll. On
the surface of the tissue, mycelium advanced about 0.3 mm ahead of the underlying subcuticular and
intercellular hyphae. Hyphae appeared to grow into and out of leaf stomates. The results show that
fungus devel opment was limited in pal eas, lemmas and col eoptiles compared to development in
leaves, that exogenous nutrients can increase amount of colonization in leaves, and that development
was the same in tissues of Robust and Chevron. Based on experience gained in these experiments, we
will use the GFP strain to monitor pathways of infection from spot inoculations on exposed surfaces
of the paleaand lemma of intact barley heads, and to investigate the probable role of anthersin
promoting head colonization. (This poster was presented at the 16™ Annual Barley Researchers
Workshop, Idaho Falls, July 11-15, 1999. The abstract will be in the 1999 Barley Newsletter.)
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GENETIC ANALYSISOF A GIBBERELLA ZEAE MUTANT WITH ALTERED
MORPHOLOGY, REPRODUCTION, AND VIRULENCE

Anne E. Degardins’, Gui-hua Bai %, and Ronald D. Platttner

ABSTRACT

Gibberella zeae (Fusarium graminearum) causes both wheat ear blight and maize ear rot, with yield
reduction and mycotoxin contamination of the infected grain. During routine experiments to produce
and regenerate protoplasts of G. zeaefield strain GZ3639, we identified a mutant, designated ear- for
ear rot, that was significantly reduced in ability to cause both wheat ear blight and maize ear rot. Ear-
mutants produced normal macroconidiaand were similar to the wild-type strain in growth and
morphology on V8-juice agar medium, but were reduced in pigmentation on arange of other media.
Ear- mutants were unable to produce perithecia, but were able to function as males in outcrosses with
strain GZ3639. To conduct genetic analysis, strains were marked with different auxotrophic
mutations, and heterozygous peritheciawere identified by the presence of recombinant prototrophic
progeny. Among random ascospores from heterozygous perithecia, 48 ear* and 26 ear- progeny
were recovered, aslight deviation from the 1:1 segregation ratio expected for asingle gene. Among
these progeny, reduced pigmentation and femal e sterility showed perfect cosegregation with reduced
virulence on wheat ears. These data suggest that a single genetic change may affect both
morphogenesis and virulence of G. zeae. Future work will elucidate the genetic basis of this mutation
and the function of the gene products in wheat ear blight and maize ear rot.

USDA, Agricultural Research Service, National Center for Agricultural Utilization Research, Peoria, 1L, 61604.
'Present address: Department of Plant and Soil Science, Oklahoma State University, Stillwater, OK, 74078.
correponding author, Telephone: (309) 681-6378, Email: desjarae@mail.ncaur.usda.gov
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ROLE OF ENVIRONMENT AND INOCULUM LEVEL IN WHEAT
FUSARIUM HEAD BLIGHT DEVELOPMENT

E.D. De Wolf¥, PE. Lipps!, L.J. Francl?, and L.V. Madden?

OBJECTIVES

Develop aforecasting system for wheat
Fusarium head blight based on environment and
pathogen propagulelevels.

INTRODUCTION

Fusarium head blight (FHB) of wheat, caused by
Gibberella zeae (Schw.) Petch., has proven to be
adifficult disease to manage in many wheat
producing regions of the world (Parry et al.
1995). In North America, severe epidemics of
FHB have occurred in recent yearsresulting in
large crop losses due to direct yield reduction
and complicationswith mycotoxin contaminated
grain (McMullen 1997). Management options
for FHB include host resistance, crop rotation,
tillage to destroy crop residues, and fungicide
applications; however, research has shown that
Nno one management option has been effectivein
controlling FHB (Parry et a. 1995, Bai and
Shaner 1994). Successful disease management
will require multiple strategies. The
development of areliable diseaseforecasting
system would improve the ability of wheat
producers to deal with the prognosis of disease
and facilitate timely applications of chemical or
biological control agents.

An early attempt to predict epidemics of FHB
was based on observations of regional
environmental variables correl ated with severe
epidemics (Atanasoff 1920). In 1965, Nakagawa
et al. proposed aforecasting system for that
utilized aregression equation for disease
prediction based on environmental variables

highly correlated with incidence of seed
infection. Moschini and Fortugno (1996)
proposed the use of linear regression equations
developed from historical records of disease and
environmental conditionsin Argentina. More
recently, Francl et al. (1999) reported on the
importance of both inoculum level and
environment as components of aFHB epidemic.
Therefore, athorough understanding of the
factors contributing to the devel opment of
epidemicsisneeded to develop adisease
forecasting system and identify potentially
successful disease control options.

One approach to devel oping a disease
forecasting system for FHB isto monitor and
guantify the relationships between host, pathogen
and environment. In order to define the role of
these factorsin the disease cycle of FHB and
ascertain the effects of regional differencesin
environment and agricultural practices, a
cooperative effort wasinitiated in 1999.
Researchersin Ohio, North Dakota, Indiana,
South Dakota, and Manitoba, Canada have
completed replicated field trialsin their
respective locations. By presenting here the
results from the Ohio and North Dakota
locations, we demonstrate the type of
information that such research can generate.

MATERIALSAND METHODS

Replicated plots of susceptible wheat cultivar,
Hopewell, were planted near Wooster, Ohio, in
thefall of 1998. Similar plots of the susceptible
hard red spring wheat cultivar, Norm, were
planted in the spring in Fargo, North Dakota. At

The Ohio State University/OARDC, Plant Pathology Department, Wooster, OH 44691
2North Dakota State University, Plant Pathology Department, Fargo, ND 58105
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both locationsdaily variation ininoculum level
was monitored by arbitrarily selecting five wheat
spikes each day from the replicated plots. Wheat
spikeswere placed into 50 ml of sterile deionized
water, shaken to dislodge spores, and spikes then
werediscarded. A 0.5-ml aliquot was
transferred to each of three plates of Komada's
selective medium. Cultures wereincubated for
10-14 days and Fusarium type colonieswere
transferred to potato dextrose agar and carrot
agar to identify Gibberella zeae. Numbers of
colony forming units per head were calculated as
an indicator of viableinoculum. A Burkard
volumetric spore sampler (sampling rate =16.5
L/min) located within the crop canopy (Ohio) or
on an adjacent no-till area (ND) was used to
provide supplemental information about the
presence of airborneinoculum. Sampleswere
collected every 24 h and observed
microscopically for the presence of G. zeae
ascospores and macroconidia. Disease severity
and incidence of plantswere evaluated by
assessing 30 arbitrarily selected wheat spikes at
the soft dough stage of growth (GS 83) (Zadoks
et al. 1974).

Environmental variables, including ambient air
temperature, relative humidity (RH), and
precipitation, were measured in the wheat field
with an automated datalogger (Campbell
Scientific Inc.). The presence of moisturewithin
the wheat canopy was measured with six
replicate flat-plate resistance sensors. All wetness
sensors were coated with an off-white latex paint
and oriented south at the same height as the
wheat spikes (80-90 cm).

RESULTSAND DISCUSSION

The environment in Wooster, Ohio, was
favorable for wheat growth during the 1998-
1999 growing season. Warm fall temperatures
and amild winter resulted in excellent winter
survival of the crop. Inthe spring, favorable
temperatures prevailed and precipitation events

provided adequate moisture during the early
stages of crop vegetative growth. Asthe crop
progressed into the boot and heading growth
stages (GS 45 to GS 59), dry conditions prevailed
as precipitation events became less frequent
(Figure 1). However, precipitation events and
high RH were common during crop anthesis (GS
60 to GS 69). Four of the 7 days during crop
anthesis corresponded with >11 h of wetness
duration, >80% average RH, and measurable
precipitation. Temperature during anthesis
ranged from 10 to 20EC, and the average
temperature was 15EC.

The daily average number of G. zeae colony
forming units per wheat spike in Ohio ranged
from O to 16 between heading emergence (GS 50)
and early milk (GS 73) growth stages (Figure 1).
The median number of colony forming units of
G. zeae per day was 1 between head emergence
and early milk stage of growth. During anthesis,
the median daily number of colony forming units
was 2. The Burkard sampler detected only low
numbers of G. zeae spores; however, other fungi
common to the air flora of Ohio were readily
detected. The highest number of G. zeae spores
collected was 1000 spores in a 24-h period (mean
density 40 spores/m?, which coincided to the
watery ripe stage of growth (GS 71). Ascospores
were the observed more frequently and in greater
density than macroconidia. Final disease
incidence and severity were less than 0.1% at
Wooster, Ohio.

The environment in North Dakota was warm and
frequent precipitation events provided adequate
moisture for crop development. Three
precipitation events occurred between boot (GS
45) and completion of heading (GS 60) stages of
growth (Figure 2). Three of the 4 days during
crop anthesis (GS 60 to GS 69) coincided with
>9 h of wetness duration. RH during anthesis
ranged from 75% to 87%, with an average of
80%. Ambient air temperature during crop
anthesis ranged from 18 to 24EC, and the
average temperature was 22EC.
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Between the heading and early milk stages of
growth, the daily average number of G. zeae
colony forming units per wheat spikein North
Dakotaranged from 0 to 44 (Figure 2). The
median number of colony forming units of G.
zeae per day was 4 during the same time period.
Whilethe crop was flowering, the median
number of colony forming units per wheat spike
was 7. The number and frequency of G. zeae
spores collected in a Burkard spore sampler was
greater than that collected in Wooster, Ohio.
Although alow number of macroconidiawere
observed, ascospores were the major component
of the G. zeaeinoculum in Fargo. Final disease
incidence at Fargo was 18%, and disease severity
was 1.2%.

The median number of colony forming units per
wheat spike observed at Fargo and Wooster were
consistent with inoculum level sreported by
Francl et al. (1999) for other non-epidemic years.
Differencesin disease level observed at the two
locations may betheresult of differencesin
inoculum level and timing of inoculum release
events (Figures1 & 2). At Wooster, dry
conditions prior to anthesis may haveresulted in
delayed development of G. zeae perithecia,
which would explain thelow levels of inoculum
detected during anthesis. Both the Ohio and
North Dakota locations appeared to have
wetness duration, RH and precipitation levels
sufficient for infection by G. zeae. However,
average ambient air temperature was 7EC lower
at Wooster than in Fargo during crop anthesis,
and may have also resulted in lower disease
levels at Wooster. Based on thisinformation we
hypothesize that there are at least two critical
periods of environmental conditions. Thefirst
critical environmental period occurs prior to
head emergence and appears to be important for
conidiogenesis, development of peritheciaand
ascospore maturation. The second critical period
occurs whilethe crop isflowering and
corresponds to inocul ation and infection events.
In the future, regional disease forecasts for FHB

may be possible as more information from these
and other wheat producing regions further
definestherole of environment in the completion
of FHB disease cycle events.
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Figure 1. Therole of environment and Gibberella zeae inoculum level in the development of wheat Fusarium head
blight was evaluated at Wooster, Ohio during the 1999 growing season. A bioassay was used to monitor the average
daily number of colony forming units (CFU) per wheat spike in replicated field plots was used to monitor inoculum
concentrations. Inoculum levels were combined with corresponding 24 h summaries of temperature, relative humidity,

precipitation, and wetness duration.

8 &8 &

24
16

CFU/spike

30
25
20
15
10

Precipitation (mm)

5

0
96

88
80
72
64

Relative humidity (%)

56
48

Growth stage

45 S0 60 64 69 - 73

i | | 1 L i | | | ) ) . ;
.| —e— Inoculumlevel
- : : : S L L L Il 1 *—o
| 3 Precipitation M 1.
| | —e— Temperature
| 4 20
i "\ 4 15
_ 4 10

Hﬂ : : = L 1 1 1 |_| 1 1 1

24
N ] Wetnessduration
I A —e— Reaivehumidgity [ 20
I 7& 4 16
I 1 12
I 48
_ HHH I
0
130 132 134 136 138 140 142 144 146 148 150 152 154 156 158 160

Temperature (C)

Wetness duration (h)

Epidemiology & Disease Management 90

Poster



1999

National Fusarium Head Blight Forum

Figure 2. During the 1999 growing season in Fargo, North Dakota, the role of environmental conditions and
Gibberella zeae inoculum levels in the development of wheat Fusarium head blight was evaluated. The daily average
number of colony forming units (CFU) per wheat spike in replicated field plots was monitored with a bioassay.
Inoculum levels were combined with 24 h summaries of temperature, relative humidity, precipitation, and wetness

duration.
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A WHEAT HEAD CULTURE SYSTEM TO SCREEN FOR PATHOGENICITY
MUTANTS OF GIBBERELLA ZEAE

Iffa Gaffoor, Anita Davelos, and Frances Trail”

ABSTRACT

Anin vitro assay was developed to screen mutants of Gibberella zeae PH-1 for loss of pathogenicity.
Wheat heads at anthesiswere excised and placed in culture medium prior toinocul ation with asuspension
of macroconidia. The wheat heads were then incubated for the development of symptoms. The success
of this method was evaluated by comparing the rate of infection in excised wheat heads of Norm (a

susceptible variety of wheat) to that in intact wheat heads and by assessing the stability of resistance of
Ning (aresistant line of wheat) in excised heads.

Michigan State University, Department of Botany and Plant Pathology, East Lansing, M1 48824
“corresponding author, Telephone: (517) 432-2939, Email: trail @msu.edu
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USE OF REMOTE PILOTED VEHICLESIN AEROBIOLOGICAL STUDIES
OF GIBBERELLA ZEAE

S.L. Madonado-Ramirez!, G.C. Bergstrom®, and E. Shields’

OBJECTIVE

To determine whether viabl e ascospores of
Gibberella zeae are dispersed in the planetary
boundary layer of the lower atmosphere, and
thus, exhibit the potential for regional
dissemination.

INTRODUCTION

Gibberella zeae (Schw.) Petch (anamorph
Fusarium graminearum Schwabe) is the causal
pathogen of head blight of wheat and barley.
Ascosporesareforcibly discharged from
perithecia, becoming airborne and infecting
wheat spikes during flowering (Paulitz, 1996).
Knowledge of thevertical profile of fungal
sporesin the air isimportant for a better
understanding of the pathogen’s distribution.
Since the transition zone between the surface
boundary layer (SBL) and the planetary
boundary layer (PBL) is considered to be 2-2.5
times the crop canopy height in agricultural
settings (Huschke, 1989) sampling the
atmosphere between 0-152m iscritical for
understanding theinitiation of long-ranged
transport of this pathogen. Knowledge of the
aerobiology of G. zeae will contribute to a better
understanding of the regional epidemiology of
Fusarium head blight (FHB).

MATERIALSAND METHODS
Two 2.4-m wingspan remote piloted vehicles

(RPV’s) were used to collect ascospores of G.
zeae in thelower atmosphere. RPV’s sampling

deviceswerevertically mounted Petri dishes
containing Komada's agar 1.75% as acollection
surface and were outfitted with the Petri dish top
as adoor which can be remotely open when
sampling periodswereinitiated. Each sampling
device has the capacity to sample an average of
8m? of air per minute. A total of 60 collection
flights were performed during June 7- June 30,
1999 at Cornell’s Musgrave Agronomy Farm
near Aurora, NY. The landscape features
wooded areas and small agricultural fields of
corn, soybean, oat, wheat and fallow fields.
Collections were made at approximately 15m
aboveground and most circular flight patterns
overlapped a plot of winter wheat in which we
scattered autoclaved corn kernelsinfested with
G. zeae (Gz014NY98) on May 14. Dueto dry
conditions at anthesisin early June, no FHB
developed in the inocul ated winter wheat.

RESULTSAND DISCUSSION

The use of RPV’sisafeasible method for
collecting viable ascospores of G. zeae from the
lower atmosphere. Viable ascospores were
collected each night, under arange of
atmospheric conditions, and even following 7
dayswithout alocal rainfall event (Fig. 1).
Therefore, airborne inoculum of G. zeae was
present prior to and through the anthesis period
of local winter wheat. The fact that FHB did not
develop can be attributed to alack of moisture
favoring infection of wheat florets, rather than to

1 Dept. of Plant Pathology, Cornell University, Ithaca, NY 14853
2 Dept. of Entomology, Cornell University, Ithaca, NY 14853

' corresponding author, Telephone: (607) 255-7849, Email: gch3@cornell.edu
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alack of inoculum. Peak colony counts of G. ACKNOWLEDGEMENT

zeae were obtained during evenings with heavy

cloud cover (Table 1) which increasesthe Thisresearch wasfunded by Cornell University
vertical mixing of air currentsin the lower Hatch Project NY C153473 entitled “ Inoculum
atmosphere. sourcesin annual epidemicsof Fusarium

(Gibberella) in corn/wheat production systems”’.
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Fig.1. Precipitation at Musgrave Agronomy Farm at Aurora (NY) during June, 1999.
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Table 1. Peak colony counts for Gibberella zeae collected using RPV s.

Date Number Collection Daily Peak colony Flight conditions
of flights  Time (PM) Temp countsg/15min
(F)
June 7, 1999 3 6:30-8:15 93/67 10 @ 6:30 No cloud cover, nowind
June 8, 1999 6 6:30-9:30 95/66 27@ 9:30 No cloud cover, nowind
June 10, 1999 10 6:21-10:25 78/60 60 @ 9:15 Heavy cloud cover, very
windy and cold
June 16, 1999 11 6:30-10:30 63/42 40 @ 8:40 Low cloud cover, no
wind, cold
June 23, 1999 14 4:45-10:05 84/58 47 @ 4:45 Cloud cover, nowind,
hot
June 25, 1999 5 4:40-5:45 90/67 23 @ 4:45 Hot, no wind, no cloud
cover
June 30, 1999 11 4:50-9:45 78/49 87 @ 8:30% Heavy cloud cover, no
wind, cold
“flying 8m directly above inoculated wheat plot
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SURVIVAL AND INOCULUM POTENTIAL OF FUSARIUM
GRAMINEARUM IN WHEAT RESIDUES

SA. Pereyra®, R. Dill-Macky?, A.L. Sims®,

OBJECTIVE

To determine the relationship between wheat
residue decomposition and the survival and
inoculum potential of Fusariumgraminearum.

INTRODUCTION

Fusarium head blight (FHB) iseconomically
important in wheat and barley worldwide (4,9).
The disease has also become amajor problemin
the midwestern United States, producing
devastating losses to growersin recent years
(2,5). The principal pathogen associated with
FHB in Minnesotais Fusariumgraminearum
Schwabe and its perfect stage Gibberella zeae
(Schw.) Petch. (10).

F. graminearum survives saprophytically on
residues of hosts like corn, wheat, barley and
other cereals and some grasses (8). Management
practices like crop rotation with non-host crops
and plowing infected residues have been
recommended to reduce primary inoculum of F.
graminearum (1). The establishment of strategies
for the management of Fusariuminfected residue
will require athorough understanding of the
viability and inoculum potential of
F.graminearumin relation to residue
decomposition.

A field experiment was established to examine
the relationship between the decomposition of
wheat residue and the survival and inoculum
potential of F. graminearum. Datafrom this
research may assist growersin establishing
appropriate crop rotation periods and effective
tillage systemsin the management of
F.graminearuminfected residues.

MATERIALSAND METHODS

Stems of hard spring wheat residue (cv. Russ) in
sections 24 cm long were placed in fiberglass
mesh bags. Each bag contained 20 g of residue
equivalent to 2857 kg/ha. Three hundred bags
with inoculated residue (F. graminearum Group
2) were used for the determination of survival
and inoculum potential of F. graminearum. Non-
inoculated residue was used in a paired study of
residue decomposition. Isolation from inocul ated
and non-inocul ated nodes were made to
determine the effect of theinoculation.

Field experiment

Theresidue was placed in thefield in October
1997 at the Northwest Experiment Station,
Crookston, MN.

Treatments:

1. Chisal plow, residue on soil surface

2. Chisel plow, residue buried at 7.5-10 cm depth
3. Chisel plow, residue buried at 15-20 cm depth
4. Moldboard plow, residue buried at 15-20 cm
depth

Seventy-five samplesin each treatment [ 15
residue bags (samples) in each strip, 5 replicates
(strips)] were used to allow monthly samplings
from April to October/November in 1998 and
1999. One set of samples from each strip was
randomly collected during the sampling period.
Theresidue was left undisturbed during the
winter months when the ground was frozen.

!Presented as a poster at the APS Meeting, Montreal, 1999.
2Department of Plant Pathology, University of Minnesota, St. Paul, MN
*Northwest Experiment Station, University of Minnesota, Crookston, MN

*correspondi ng author, Telephone: (612) 625-2227, Email: sapere@puccini.crl.umn.edu
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Deter minations

The decomposition of the residue was
determined by dry matter loss. Survival of F.
graminearum was determined on stem pieces (30
per sample) 1.5 cm long including asingle node.
Pieces were surface disinfected, placed on
pentachlorobenzene (PCNB) agar (6) and
incubated at 20-22°C with 12 hr light per day for
seven days. ' Fusarium' colonies were counted
and F. graminearum col onies were determined
following transfer of 10 random coloniesto
carnation leaf agar (CLA) (3). CLA cultures
were incubated at 20-22°C with 12 hr light per
day for 10 days. Peritheciaformation indicated F.
graminearum Group 2 isolates. Fusarium
colonies not forming peritheciawere identified to
species according to the descriptions of Nelson
et al. (7).

Inoculum potential of F. graminearum: In April,
May, July and September 1998, 24 stem/node
piecesfrom each sample were surface disinfected
and placed on sterile sand in culture boxes with
vented lids. Nodes were incubated at 20-22°C
with 12 hr light per day for 21 days and kept
moistened. Ascospores were collected on
silicone greased slides placed 2 cm above the
nodes for 24 hours. The number of ascospores
collected per slide and replicate were counted
under the compound microscope. Due to
reductionsin the number of nodesrecovered in
November 1998 and subsequent samples, a
weight of nodes was evaluated. Nodes with
mature peritheciawere placed in steriledistilled
water (dilution 1:20) and a drop of Tween 20.
Nodes were soaked for 10 hours to allow
ascospore discharge and finally shaken for 10
minutes. Three aliquots (0.03 ml) were obtained
from each treatment and used to determine the
ascospore concentration.

Survival and inoculum potential datawere
subjected to ANOVA and treatments means were

compared by Tukey test (P=0.05) using SAS
(SAS Ingtitute, 1985).

RESULTSAND DISCUSSION

F. graminearum was isolated from 96% and 97%
of non-inoculated and inocul ated nodes,
respectively, suggesting that the inocul ation had
little impact on the col onization of wheat residue
by F. graminearum.

Preliminary results (October 1997-May 1999) for
the dry matter remaining and survival and
inoculum potential of F. graminearum are
presented in Tables 1, 2 and 3.

Buried residue decomposed substantially faster
than residue at the soil surface (Table 1). No
differenceswere evident in decomposition rate
between the chisel plowed and moldboard
plowed treatments buried at 15-20 cm.
Approximately 20 and 50% of residue dry matter
content remained in buried and surface residue
treatmentsin May 1999, respectively.

Significant reductionsin the col onization of
residue by F. graminearum were observed once
the residue had been in thefield for at least eight
months (Table 2) in those treatments where the
residue had been buried. Even when amarked
decreased in the survival of F. graminearum
occurred in July 1998, the number of Fusarium
spp. coloniesisolated from residue samples
tended to remain the same. This suggests that
other species, probably with higher competitive
ability, were colonizing theresiduein preference
to F. graminearum. Other Fusarium species
recovered were: F. sporotrichoides, F. equiseti,
F. culmorum, F. semitectum, F. avenaceum, F.
sambucinum, F. solani.

Preliminary resultsof inoculum potential indicate
that residue, from which F. graminearum can be
isolated, support perithecial development and the
production of mature ascospores (Table 3).
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The reduction in the amount of residue
colonization by F. graminearumisrelated to the
decomposition of residues. Surface residues,
which decomposed more slowly, seem to provide
ahost to F. graminearum for alonger period of
time than buried residues. Residue from which F.
graminearum can beisolated support perithecial
development and ascospore production.
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Table 1. Percent wheat residue dry matter, relative to initial weight at placement (October 1997), at
sampling times between April 1998 and May 1997 in four tillage/residue placement depth treatments.

Per cent dry weight of wheat residue remaining at sampling

1997 1998 1999
Treatments Oct. Apr. May June July Aug. Sept. Oct. Nov. Apr. May
Chisdl plow
surface 100° 94 86 85 7% 72 61 55 50 53 43
Chisdl plow
7.5-10 cm 100 86 75 62 46 39 22 19 18 21 21
Chisdl plow
15-20 cm 100 88 77 66 52 41 28 19 22 22 22
Moldboard plow
15-20 cm 100 87 79 68 55 41 32 28 21 23 22

Pvalues given are the means of five replicates

Table 2. Percent colonization of the nodes of wheat residue by F. graminearum in four tillage/residue
placement depth treatments at time of residue placement (October 1997) and at sampling times between
April 1998 and May 1999.

Colonization of wheat residues by F. graminearum (%)

1997 1998 1999
Treatments Oct. Apr. May June July Aug. Sept. Oct. Nov. Apr. May
Chisd plow
surface %" 93 9% 9%d 69a 76a 80a 78a 8la 63a 67
Chisdl plow
7.5-10 cm % 81 91 93ab 57ab 6lab 60ab 58b 77ab 6lab 63
Chisdl plow
15-20 cm % 97 83 80b 46b 40b 56ab 57b 69b 6lab 54
Moldboard plow
15-20 cm % 81 90 87ab 47b 40b 50b 52b 51b 45b 50

9 values given are the means of five replicates
" values followed by different letters are significantly different at P=0.05

Table 3. Inoculum potential of F. graminearum.

Sampling month Chisd plow Chisdl plow Chisd plow Moldboard plow
surface 7.5-10 cm 15-20 cm 15-20 cm

April 1998 55° 97 48 56

May 1998 50 72 27 33

July 1998 39 48 20 23
September 1998 49 58 31 27
November 1998 10' 10 16 12

April 1999 34 72 30 7

May 1999 104a" 40ab 21b 105a

S Ascospores per cm?
! Thousands of ascospores per g of residue
“ Means followed by the different letters are significantly
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EPIDEMIOLOGY OF FUSARIUM HEAD BLIGHT OF WHEAT
IN INDIANA, 1999

David Thomas, George Buechley and Gregory Shaner”

Scab, or Fusarium head blight, has been a
difficult disease to control throughout the world
because of the lack of effective disease
management practices. Traditional disease
control options (disease resistant cultivars, crop
rotations, tillage to destroy residues, and
fungicides) have not been used because of lack of
availability, excessive cost, or negative impacts
on soil conservation (McMullen et a. 1997).
Evaluation of these various management options
has shown that no one approach is effective in
controlling Fusarium head blight. 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 epidemiology of the
disease.

MATERIALSAND METHODS

The experiment was conducted in a long-term
tillage-rotation experiment at the Purdue
Agricultural Research Center (PARC) in
Tippecanoe County (west central Indiana). Wheat
plots adjacent to plots that had corn residue from
the 1998 crop year were the site of spore
sampling and assessment of disease incidence
and severity.

A Burkard Cyclone sampler was placed in the
wheat plot when plants were at the boot stage of
development (GS 45). A continuous corn plot
that received minimum tillage was located just
west of this plot.

The spore sampler was operated from 19 May to
13 June. The Burkard drew in air at arate of 16.5
liters per minute. The Eppendorf collection tube

was replaced every 24 hours, between 10:00 and
11:00 am each morning. The contents of
Eppendorf tube were processed directly after
sampling, or placed in afreezer for processing
later.

Spores were recovered from the Eppendorf tube
by adding 1.5 ml of sterile water, shaking on a
Vortex mixer for 1 minute and spreading 1 ml of
the suspension evenly over a petri plate
containing Komada' s medium. The plate was
placed under 24-hr UV light at 25°C. A 5ml
sample of the water remaining in the Eppendorf
was examined with ahemacytometer.

On 18 May, approximately 500 wheat heads
between growth stages 48 and 50 were selected
along the west edge of the long-term tillage plot.
They were covered with waxed paper bags to
shield them from airborne Gibberella zeae
spores. Beginning on 20 May, 5 heads were
uncovered and tagged each morning between
10:00 and 11:00 am. The heads were collected
at the same time the following morning and 5
more heads were uncovered and tagged. The
collected heads were then covered with plastic
and taken directly to the lab for processing. This
process was repeated until 11 June.

The 5 heads were shaken in 50 ml of sterile
water for 1 minute. Five 1-ml portions of the
washing were transferred to each of five plates of
Komada's medium, which were placed under 24
hr UV light at 25°C.

For al platings, when colonieswere clearly
visible on the plates (approx. 0.5cmin

Department of Botany and Plant Pathology, Purdue University, Lilly Hall, West Lafayette, IN 47907-1155
“corresponding author, Telephone: (765) 494-4651, Email: shaner@btny.purdue.edu
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diameter), all F. graminearum colonies were
counted.

Blighted heads and total headsin 20 arbitrarily-
selected 61-cm lengths of row were counted on
17 June. Scab incidence was calculated asthe
percent of scabby headsin the 20 samples. On
22 June, 50 scabbed heads were taken for
estimation of severity of infection. The spikelets
on each head were counted, as well as blighted
spikelets. These headswere threshed by hand,
and total aswell as scabbed kernelswere
counted.

RESULTS

Daily averagetemperaturesvaried dramatically
at the beginning of the flowering season, ranging
from 21.7°C on day 142 to 10.3°C on day 145
(Fig. 1). Average daily temperatures rose from
then, reaching 13.9°C by the end of flowering
and 27.8°C by the end of the sampling period.
Precipitation occurred on only 6 days during this
period, for atotal of 87 mm; 38 mm fell during
flowering (days 141-146).

The Burkard sampler collected spores on most
daysfrom 23 May through 11 June, when
sampling ceased (Fig. 2). Although the highest
number of spores collected occurred on the day
with maximum rainfall during the sampling
period, there was no consistent relation between
rainfall amount and number of spores collected.
The number of spores collected during the time
wheat was flowering was quite low. The spore
counts rose after anthesis (growth stage 70, day
147).

In addition to direct enumeration with a
hemacytometer of spores of Gibberella zeae
collected by the Burkard sampler, washings from
the Eppendorf tube were plated on Komada's
medium. Estimates of the number of CFUSmI
by this method were considerably lower than
estimates from the hemacytometer counts (Fig.

3). Therewas alow correlation between the
hemacytometer counts and the counts from
Komada's medium (R=0.46). The CFU counts
from the Komada's platings showed less
relationship to precipitation than did the
hemacytometer counts.

Air sporawas also estimated by exposing heads
for 24-hr periods and then washing them and
plating the washing on Komada's medium. As
with the Burkard samples, this method detected
propagules of G. zeae on most days (Fig. 4).
However, propagules were detected on only 2
days during anthesis, and this was toward the end
of anthesis.

The mean incidence of scab calculated from the
20 61-cm field sampleswas 6.6% (st. dev.=
3.7%). On those heads that were blighted, mean
severity was 29.9% (st. dev.= 23%). Mean
incidence of scabby kernelsfrom blighted heads
was 8.2% (st. dev.= 11%).

DISCUSSION

Declining temperatures and only two,
nonconsecutive rain events during anthesis
evidently prevented severe development of head
blight. Three consecutive dayswithran
occurred during the late milk stage of

devel opment, in conjunction with moderate
temperatures. A large spore flight was detected
on the third day of rain, but this evidently did not
result in heavy infection. Asfound inaprevious
study (Francl et al. 1999), there was no clear
associ ation between preci pitation and number of
spores detected.

The spore number estimates derived from direct
examination of the Eppendorf tube washing with
a hemacytometer were more than two orders of
magnitude greater than the estimates obtained by
plating the washing on Komada's medium.
There was also alow correlation between the
methods of estimation. Thisdiscrepancy
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between the two methods may arisein part from  Parry, D. W., Jenkinson, P. and McLeod, L.
crowding of colonies on the Komada's plates. 1995. Fusariumear blight (scab) in small grain
On the days where the hemacytometer counts cereals-areview. Plant Pathol. 44:207-238.

revealed large numbers of spores, competition
among colonies on the Komada's medium would
probably have prevented all potential colonies
from developing. Several platingsresulted in the
development of nearly 200 colonies, which
covered the entire surface of the Komada's
medium. A concentration of 200 CFUs/ml is
probably the maximum for areliable count on
Komada' s medium without further dilution of the
Eppendorf tube washing. Dilution problems
were evidently not the only reason for
discrepancy between the two types of data,
however. Given that competition may have
restricted the number of colonieson Komada's
medium, we regard the hemacytometer counts as
amorereliable representation of the ambient
spore concentrations.

Although the mean severity of blight on
symptomeatic heads was 30%, the incidence of
scabby kernelsfrom these heads was much
lower. Thelikely explanation for thisdifference
isthat many of the scabby spikelets contained no
kernelswhen dissected.
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Fig.1: Temperature and precipitation data from the beginning of anthesis to the end of sampling Day 140 is May 20.
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Fig.2: Hemacytometer counts of spores of Gibberella zeae from the Burkard sampler compared to precipitation data.
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Fig.3: Concentrations of propagules of Gibberella zeae recovered from wheat heads exposed for 24 hours (cal culated
from Komada's plating) compared to precipitation.
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Fig.4: Comparison of counts of propagules of Gibberella zeae collected by a Burkard sampler using hemacytometer

(bars) and by counting colonies on Komada's medium (squares).
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PLANT RESIDUE IN THE
CONTROL OF FUSARIUM HEAD BLIGHT

Robert L. Todd", Robert Stack, Edward Deibert, and John Enz

ABSTRACT

Many approaches have been taken to control the disease Fusarium Head Blight, such as development
of resistant-varieties, chemical control, crop rotation, and recently, attention to residue management.
The fungus, Fusarium graminearum, causing Fusarium Head Blight persistsand multiplieson
infected crop residues of small grains and corn. It isthe consensus of many investigators that
Fusarium control viaresidue management may provide one means to control this disease. Treatments
might include “plowing down” residue or use of nitrogen fertilization to enhance the decomposition
process.

Theresearch presented in thisreview is part of an ongoing investigation to establish the correlation
between residue management and the survival of Fusarium. Residue decomposition and fusarium
survival are quantified when wheat, barley and corn plant residues are placed on and bel ow the sail
surface. Cover crop and nitrogen (N) fertilizer treatments are included as well as monitoring
parameters rel ated to decomposition such as soil temperature and water, carbon to nitrogen ratio and
lignin content of the residue. If Fusarium graminearum survival isrelated to residue decomposition,
then residue management strategies which enhance displacement of Fusarium might be devel oped.
Sinceresidue decompositionisamicrobial process, manipulation of the indigenous microorganisms
might accelerate the loss of Fusarium.

North Dakota State University, Soil Sciences Department, 251 Walster Hall, Fargo ND 58105
“corresponding author, Telephone: (701) 231-6362, Email: rtodd@badlands.nodak.edu
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ASCOSPORE FORMATION AND DISCHARGE IN GIBBERELLA ZEAE

Frances Trail*, Corrie Andries and Haixin Xu

ABSTRACT

Gibberella zeae infects wheat and barley heads in flower by airborne ascospores that are forcibly
gjected from perithecia produced on corn and wheat debris. We have been monitoring the timing of
perithecium formation on crop debrisin fieldsin southern Michigan since 1997. Since peritheciaare
ephemeral, the timing of formation may be critical to control of head scab. Results of our survey will
be presented. We have completed a study of the development of peritheciain culture to coincide with
our ongoing study of perithecium development on crop debris. The structure of the perithecium has
implicationsonitsability to function effectively in ascospore dispersal. The cellular structure of the
crop debrismay also have important implications on perithecium formation.

Michigan State University, Department of Botany and Plant Pathology, East Lansing, M1 48824
“corresponding author, Telephone: (517) 432-2939, Email: trail @msu.edu
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AFLP DIVERSITY OF GIBBERELLA ZEAE

K. A. Zdler, R. L. Bowden", and J. F. Ledlie

ABSTRACT

Fifty wheat heads with scab were sampled from a 0.25-m? quadrat in Kansasin 1993 and asimilar
guadrat was sampled in North Dakotain 1994. |solations were made from the top, middle, and
bottom of each head. For both quadrats, AFL P banding patterns showed that more than one AFLP
hapl oty pe colonized most heads. Several hapl otypes appeared on more than one head, suggesting
secondary colonization. AFLP haplotypes correlated very well with aprevious vegetative
compatibility group (VCG) diversity study on the sameisolates. Allele frequenciesin thetwo
guadrats were similar. This suggestslittle genetic differentiation over large distancesin the Great
Plainsregion. Further studieswith greater sample sizes are planned.

“corresponding author, Kansas State University, Dept. of Plant Pathology, Manhattan, KS 66506
Telephone: (785) 532-1388, Email: rbowden@ksu.edu
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