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Airborne spores and disease: a direct link _

Sclerotinia disease gradient in oilseed rape
lsscanola) at Rothamsted, 2012
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Disease epidemics caused by introduced inoculum
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— Airborne spores =) ( regular spore influxes)
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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 dispersal of .
Phyllosticta citricarpa e fs a
- Citrus blackspot -
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resistance and pathotype or race can T
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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

Concentration in air at 2m height




Spore detection and guantification
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...until now?
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DNA-based
methods

Our standard
air samplers  — West et al 2008, Trends in Microbiology




Inoculum detection and molecular diagnostics
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DNA
: Air particles on : e o, ——
Spore traps - air waxed tape e?tractlon Quantification of
particles impacted Step target DNA by gPCR

onto waxed tape

e Expensive and until recently, the sample needed to be
taken to a lab + detects DNA of dead spores

e Microarrays can detect multiple targets -
384 BioRad system under evaluation in EU Pure project

e |sothermal methods can be very rapid and show great
promise with costs now reasonable g



Network for forecasting disease epidemics in Poland: SPEC
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http://cropnet.pl/dbases/spec/specUK/wyniki.htm

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

Home | Products | Crops Media | Application Advice | Agronomy Tools | Farm Economy | United Kingdom

Legin Register Syngenta Global |

Brassica Alert

You can now get early disease risk warnings of the three key brassica diseases before they hit your crops, sent direct to your
computer.
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Comparing spore
concentrations at different
sampling locations, May 2012




Comparison of Sclerotinia DNA in air
samples in field and rooftop 1km away
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Sclerotinia LINK & Syield TSB projects, 2011



Comparison of Sclerotinia DNA at NPARU and ADAS Rosemaund
(about 50 km apart in western England)

Rosemaund DNA (ng)

3 - -
| —=Rosemaund 1

—NPARU

N
(92}
1

N
I

=
Ul

=

0.5

Sclerotinia LINK project, 2011

0.1

- 0.09

0.08
0.07
0.06
0.05
0.04
0.03
0.02

0
£
<
Z
=)
-,
=
X
2

>
Her o iy o
- K-
Femeriten o, 2 Esar
' s 2 e
2 2 = v bt
: S o St e
ot -
{ o ol
ADAS Roseﬂaund



‘F|rst there wasadream then — Reality’

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

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

Automated, rapid detection of DNA from airborne spores
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Isothermal DNA method e.g.
LAMP assay

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

Miniature Virtual Impactor (patent pending),
which samples at high flow rate into liquid http://www.optigene.co.uk/

(incubation media or extraction buffer)
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Potential remote sensing cone for Ao s
Detlef Muller Unlver5|t of
approaCheS? Hertfordshire, AtmospherlcyRemote

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




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

(a) Extlnctlon coeffICIent Noh, Miuller et al., Atmos. Environ. 2013
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GIS & Satellite Image Management Tools for
crop cIaSS|f|cat|on to mtegrate disease risk
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Backtracking: where has air come from ?
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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



Components of a possible precision disease detection system
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Aerobiology In plant pathology: Summary

* 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

e DNA-based methods can also be used to monitor
pathogen populations for changes in genetic traits

e 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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