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Aerobiology and the transport of plant pathogens
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Horizontal Transport

Nelson, M.E., Basart, J.P., and Nutter, F.W. 2009. Engineering payload designs for remote 
sensing applications for plant pathology using latex weather balloons. APS North Central 
Division Meeting, Ames, Iowa, June 21-23, 2009.

Horizontal Transport

Mims, S.A. and Mims, F.A. 2004. Fungal spores are transported long distances in smoke from 
biomass fires. Atmospheric Environment 38, 651-655, 2004.
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Horizontal Transport

MADDSAP: Microbial Agent Dispensing Drone for Agricultural Pests

Gottwald, T. R. and Tedders, L. W. 1985. A spore and pollen trap for use on aerial remotely 
piloted vehicles. Phytopathology 75:801-807. 

UAS for aerobiological sampling

Schmale, D.G., Dingus, B.R., and Reinholtz, C. 2008. Development and application of an 
autonomous unmanned aerial vehicle for precise aerobiological sampling above agricultural 
fields. Journal of Field Robotics 25: 133-147.
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UAS for aerobiological sampling

Schmale, D.G., Dingus, B.R., and Reinholtz, C. 2008. Development and application of an 
autonomous unmanned aerial vehicle for precise aerobiological sampling above agricultural 
fields. Journal of Field Robotics 25: 133-147.

UAS for aerobiological sampling

Techy, L., Schmale, D.G., and Woolsey, C.A. 2010. Coordinated aerobiological sampling of a plant 
pathogen in the lower atmosphere using two autonomous unmanned aerial vehicles. Journal of 
Field Robotics 27: 335-343.
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Schmale, D.G., Ross, S.D. 2017. High-Flying Microbes. Feature Article, Scientific American. 
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Morris, C.E., Monteil, C.L., and Berge, O. 2013. The life history of Pseudomonas syringae: linking 
agriculture to earth system processes. Annual Review of Phytopathology 51: 85-104.

Microbial ice nucleators and bioprecipitation

• Are ice-nucleating microorganisms abundant and 
diverse in the atmosphere?

• If so, what are the sources of these microbes? Are 
they coming from terrestrial and/or aquatic 
environments?

Big questions…
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Pujaut, France
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Puy de Dome, France

Blacksburg, Virginia, USA
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Baton Rouge, Louisiana, USA

• 20 flights in France

• 16 flights in Virginia, USA

• 19 flights in Louisiana, USA

• 10 min, 50m AGL, 60 km/h

• Over 4,000 colonies recovered 

Results
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Results

Results
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Results: Droplet freezing assay

Results: Sequence assisted identification
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Results: Pujaut & Puy de Dome, France

Most are Bacillus and Arthrobacter

Results: Louisiana, USA

Most are Bacillus, Curtobacterium, & Arthrobacter
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Results: Virginia, USA

Most are Curtobacterium, Pseudomonas, & Pantoea

What are the sources of atmospheric microbes?
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What are the sources of atmospheric microbes?

De Lort et al., 2017. Clouds: A Transient and Stressing Habitat for Microorganisms. In Microbial 
Ecology of Extreme Environments. pp. 215-245.

Aerosolization of microbes from plants
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Aerosolization of microbes from water to air

Dr. Renee Pietsch
Craig Powers

Pietsch, R.B., Powers, C.W., Schmale, D.G., Jung, S., and Ross, S.D. 201_. Wind-driven droplet 
production and the potential for transport of microorganisms from aquatic environments. In review.

Aerosolization of microbes from water to air
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Aerosolization of microbes from water to air

Role for unmanned systems to fill knowledge gaps



18

Thank you! 

Any questions?

P.S. We just started two 
large NSF grants and are 
recruiting Ph.D. students 

and post docs!

Email me if interested:
dschmale@vt.edu


