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Fusarium head blight	


Caused by fungal spore Fusarium graminearum!
!
$3 billion in losses to US economy over past decade!



Coastal  flow

Economic costs of invasive species:!
$130 billion per year in U.S.!

!
 !

        Plant  pathogens:
Viruses
              Fungal  spores
                             Bacteria

                                                            Spread  by  air,  water,  humans                                                            



Food supply concerns, 
bioterrorism!
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■ Abstract The U.S. National Research Council (NRC) concluded in 2002 that

U.S. agriculture is vulnerable to attack and that the country has inadequate plans for

dealing with agricultural bioterrorism. This article addresses the vulnerability of U.S.

crops to attack from biological weapons by reviewing the costs and impact of plant

diseases on crops, pointing out the difficulty in preventing deliberate introduction of

pathogens and discovering new disease outbreaks quickly, and discussing why a plant

pathogen might be chosen as a biological weapon. To put the threat into context, a brief

historical review of anti-crop biological weapons programs is given. The argument is

made that the country can become much better prepared to counter bioterrorism by
developing a list of likely anti-crop threat agents, or categories of agents, that is based
on a formal risk analysis; making structural changes to the plant protection system,

such as expanding diagnostic laboratories, networking the laboratories in a national

system, and educating first responders; and by increasing our understanding of the
molecular biology and epidemiology of threat agents, which could lead to improved
disease control, faster andmore sensitive diagnosticmethods, andpredictions of disease
invasion, persistence, and spread following pathogen introduction.

INTRODUCTION

Using [biological weapons] to attack livestock, crops, or ecosystems offers
an adversary the means to wage a potentially subtle yet devastating form of
warfare, one which would impact the political, social, and economic sectors
of a society. . .

Kadlec (42)TheUnited States is vulnerable to bioterrorismdirected against agriculture . . .

The nation has inadequate plans to deal with agricultural bioterrorism.NRC report on Countering Agricultural Bioterrorism (60)
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5 acres of winter wheat	
 Field inoculation	


Field  experiments:  spread  from  known  source

Dozens of samplers	




can  imagine  ‘invisible’  smoke  plumes



Temporally  varying  
source  strength
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2  weeks



Plume  follows  changing  wind  direcGon

Temporally  varying  
source  strength
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2  weeks

Can  predict  the  amount  of  disease  spread  
over  a  given  distance
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Aerial  sampling  drones:
100  –  1000  L  alGtude

(David  Schmale’s  group)

Samples  collected  during  10-‐30  minute  flights  at  
constant  elevaGon  above  ground  level



Collect  spores,  idenGfy  species



The  atmosphere  connects  distant  ecosystems

NOAA simulation of dust transport!

Aerial !
highways!

Dust!



Turbulence  and  source  regionsEarly  warning  systems
  

Internet  tools  to  inform  farmers  about  disease  spread


