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The fungal pathogen Fusarium graminearum infects millions of acres of wheat,
barley, and corn crops every year. The resulting disease, Fusarium head blight,
is estimated to have caused the loss of over $10 billion of agricultural revenue
over the past decade, yet very little is known about the aerobiology of F. graminearum.
The fungus begins its life cycle by producing fruiting bodies known as perithecia that release ascospores into the atmosphere. The ascospores may be transported hundreds of kilometers before depositing on and infecting susceptible
plants with Fusarium head blight.
To understand the release and transport of the ascospores through the atmosphere an analytical model of the spore release process was developed and
compared to experimental data. Additionally preliminary experiments were
conducted to show the feasibility of imaging the high-speed ascospore release process. Future work will compare the analytical model to experimentally measured ascospore release trajectories. This model will then be used to
predict the spread of F. graminearum, potentially allowing farmers to judiciously use costly fungicides to prevent crop disease.

The released F. graminearum ascospores are approximately 10 μm in length
and as a result behave nearly as Lagrangian flow tracers in the atmosphere.
Thus the two primary forces acting on the ascospores are the gravitational
body force and the aerodynamic drag force. Mathematically this may be represented by the force balance
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Σi F i = F Body + F Drag
which may be non-dimensionalized to give the following vector system
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where u* is the dimensionless wind velocity given by the logarithmic wind
profile velocity
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which is assumed to flow parallel to the ground. This system of equations is
then solved numerically to calculate the trajectory of a released ascospore.
The parameter space was stochastically sampled with the average values and
the standard deviations (using a 95% confidence interval) taken from the experiments of Schmale, et al 2005.
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This histogram shows a comparison between the maximum ascospore discharge of the experimental data collected in Schmale, et al 2005 and the analytical model. The number of days refers
to the age of the perithecia samples. The model was solved for a range of a normally distributed
samples in the parameter space yielding excellent agreement with the experimental data for the
zero wind condition. The presence of wind decreases the distance the ascospores are carried, but
also likely increases the rate of atmospheric entrainment.

Simulation Parameters

This image shows two F. graminearum ascospores photographed at a magnification of 40 X; the
magnification at the print resolution is approximately 20000 X. The high aspect ratio in the ascospore geometry serves to increase the effective drag coefficient allowing the ascospore to travel
longer distances in the atmosphere. In the numerical simulations a spherical geometry was assumed while an appropriately scaled aerodynamic drag coefficient was used.
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These figures show the results of a Particle Tracking Velocimetry experiment conducted to test the
feasibility of imaging the high-speed ascospore release process. In the experiment glass mircospheres with masses and diameters that closely approximate those of the ascospores were ejected
into the atmosphere at approximately 30 m/s. The left image shows an overlaid pair of images
while the right image shows the trajectories of the particles.

