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Monitoring air and rain for 
plant pathogens 
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Sclerotinia disease gradient in oilseed rape 
(canola) at Rothamsted, 2012 
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Airborne spores and disease: a direct link 



Brown & Hovmøller 
SCIENCE 297 (2002) 

Airborne spores 

Infected plant material then spores locally 

Black Sigatoka of banana 

( regular spore influxes) 

Disease epidemics caused by introduced inoculum 
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Some bacteria and fungal 
spores have fantastic ice 
nucleation activity 
Morris C. E. (2013) 
Atmospheric Chemistry 
and Physics 

Gregory P. H. (1973) 



Rain Splash 
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Maximum vertical splash height with horizontal distance 
from infected orange under different wind speeds  
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- Citrus blackspot 
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Timing of spore production 

often seasonal -  synchronised with 

crop growth-stage and infection 

conditions  

Spatial variation in inoculum sources 

Some pathogens have patchy spore 

release at the field and regional 

scales, while others are relatively 

homogeneous at these scales 

 

Genetic traits such as fungicide 

resistance and pathotype or race can 

be monitored which helps with 

control decisions and improves 

understanding of epidemics and 

disease forecasting 

Cladosporium 

Blumeria 

Ustilago  

Alternaria  

June July Aug Sep Oct 

Botrytis 

Phytophthora  

Ganoderma 

C
o

n
c
e
n

tr
a
ti

o
n

 i
n

 a
ir

 a
t 

2
m

 h
e
ig

h
t 

Data from Gregory & Hirst (1957)  6 

Why Air Sampling? 



Microscopy   

- Lab-based and 

difficult to identify 

to species level 

Spore detection and quantification 

7 
Our standard 
air samplers 

Immunological 
techniques – rapid, 
on-site test but 
difficult to design 
specific antibodies 
…until now? 

DNA-based 
methods  

West et al 2008, Trends in Microbiology 



DNA 

extraction 

step 
Quantification of 

target DNA by qPCR 

Air particles on 

waxed tape 
Spore traps - air 

particles impacted 

onto waxed tape 

Inoculum detection and molecular diagnostics 

● Expensive and until recently, the sample needed to be 

taken to a lab + detects DNA of dead spores 

 

● Microarrays can detect multiple targets - 

384 BioRad system under evaluation in EU Pure project 

 

● Isothermal methods can be very rapid and show great 

promise with costs now reasonable 8 



Network for forecasting disease epidemics in Poland: SPEC 

L. maculans spores 

Region selected 

www.spec.edu.pl 
9 

http://cropnet.pl/dbases/spec/specUK/wyniki.htm
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Multivial 
cyclone 
spore 
trap 

http://www.syngenta-crop.co.uk/brassica-alert/ 



Comparing spore 

concentrations at different 

sampling locations, May 2012 

11 
Field Roof 
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Sclerotinia LINK & Syield TSB projects, 2011 

Comparison of Sclerotinia DNA in air 
samples in field and rooftop  1km away 
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13 Sclerotinia LINK project, 2011 



The first fully automated 
device for the capture, 
detection and wireless 
reporting of airborne spores 
of Sclerotinia sclerotiorum  
– in the world 

‘First, there was a dream, then – Reality’ 

http://www.syield.net/home.html 



Automated, rapid detection of DNA from airborne spores 

Miniature Virtual Impactor (patent pending), 
which samples at high flow rate into liquid 
(incubation media or extraction buffer) 

http://www.twistdx.co.uk/ 

http://www.optigene.co.uk/ 

Future Work:  

Isothermal DNA method e.g. 
LAMP assay 



Detlef Müller, University of 
Hertfordshire, Atmospheric Remote 

Sensing Laboratory 

• Light Detection and Ranging = LIDAR  

• identification of atmospheric particles from ground to 

top of the atmosphere 

• allows us to specify in which height above ground 

particles and gases exists 

• Several lidar techniques allow for bio-aerosol 

identification: 

 Raman lidar: chemical compounds 

 Fluorescence lidar: identification of e.g. pollen 

 Depolarization lidar: shape and thus type of pollen 

Potential remote sensing 
approaches? 



Pine Oak Ragweed Grass 

Noh, Müller et al., Atmos. Environ. 2013 

Hazelnut 

Pollen Measurements over South Korea: 4 – 9 May 2009: 
From ground to 1.5 km above ground 

pollen mixed with urban pollution 

strong pollen during noon each day 
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GIS & Satellite Image Management Tools for 
crop classification to integrate disease risk 

Image: 
Katherine Elsom, 
DCMii 

jon.west@rothamsted.ac.uk 



Cereal Disease Laboratory web-publication: Introduction of Asian Soybean Rust 
Urediniospores into the Midwestern United States—A Case Study (Krupa et al (2006) 
Plant Disease 

Backtracking: where has air come from ? 



Components of a possible precision disease detection system 

Source: Derek Scuffell, Syngenta 

ALERT 
PORTAL 



Aerobiology in plant pathology: Summary 

jon.west@rothamsted.ac.uk 

• Many plant diseases are initiated by airborne dispersal of 

spores, which vary in time and space 
 

• Recent advancements in diagnostic methods have driven 

inoculum-based disease forecasting – automated, rapid on-

site detection is now a prospect using biosensors, rapid 

isothermal DNA-based methods or immunological tests 
 

• DNA-based methods can also be used to monitor 

pathogen populations for changes in genetic traits 
 

• Further research is needed to understand the variability in 

concentrations of airborne spores over field and regional 

scales and to deliver results quickly to make practical 

monitoring programmes effective 

• GIS, crop classification and air trajectory analysis (from 

sources) needs to be incorporated into monitoring systems 
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