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Disease is the result of 

complex interactions 

between antagonistic 

organisms and their 

environment
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Remote sensing is 

the only scalable

detection method in 

our disease control 

toolbox that can 

transcend historical 

limitations to 

provide actionable 

early warning and 

detection.
Gold, 2021 mSystems



Cotton Root Rot infected field in 

College Station, TX 1929

First use of satellite data 

to monitor a plant disease 

epidemic in late 1970s 



Imaging spectroscopy measures light near 

continuously

Continuous

Discrete

VIS: Visible Light, ~450-750nm 

NIR: Near Infrared, ~800-1200nm

SWIR: Shortwave Infrared, ~1200-2400nm 
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Slide content from Townsend Lab, UW-Madison

Plant chemistry changes light reflectance



Spectroscopy offers more information about plant-

microbe interactions than our eyes alone can see

Figure by Phil Townsend

Plant pathogens physically 

and chemically change 

plant constitution

Known biochemical & 

physiological plant constituents 

affect spectral reflectance 

Imaging spectroscopy allows 

us to study plant disease at 

scale

Underlying disease physiology and pathogen biology 

drives our ability to sense and detect with imaging 

spectroscopy  

Art by Eric Larson

Figure by Phil Townsend



Surface, Biology, and Geology
Global VSWIR Imaging Spectrometer Launching ~2028

Advances in sensor design and constellation satellite architecture 

design have converged to put us at the precipice of an 

unprecedented era of agricultural monitoring



Global disease surveillance of soilborne 

plant pathogens with remote sensing

Asymptomatic disease detection and 

mapping with AVIRIS-NG 

Multi-scale and multi-modal disease 

detection systems for growers

The Gold Lab studies the fundamental and applied 
science of plant disease sensing across scales to 

improve early detection & intervention.

Next generation biopesticides for 

grape disease control

Fungicide activity and longevity 

sensing

Regional disease risk mapping with 

NASAôs AVIRIS-NG and EMIT



Global disease surveillance of soilborne

plant pathogens with remote sensing

Soil dwelling fungi are capable 

of aerosolization and transport 

in global dust plumes.
Griffin 2001, Kellogg 2004, Barberan 2015

Infectious F.oxy spores and 

DNA have been isolated from 

North African and Asian dust 

samples. 
Yeo & Kim 2002, Palmero 2011, Giongo 2013, 

Gonzalez-Martin 2014

IDS Award #80NSSC20K1533

Fusarium oxysporum (Fo)
Å Causes Fusarium Wilt (FW)

Å Endemic to all six crop producing continents, 100+ susceptible crops 

Å Survives in soil for 20+ years 

Å Annual yield losses ~10-60% 

Å Range will expand with climate change (Shabani et al. 2014)



IDS Award #80NSSC20K1533



In order to ask ñCan viable Fo

spores be transported across 

the Atlantic?ò We first had toé. 

1) éaccurately simulate the 

ñGodzillaò dust event of 

Summer 2020

2) éadapt the CESM-CAM6-MIMI 

to include agricultural dust 

3) éadapt the step 2  model to 

include spore transport with 

uniform concentration and fixed 

properties (e.g. size, weight) 

and an exponential decay 

function to kill off 99% of 

spores in 3 days

Brodsky et al. accepted, Environmental Research Letters
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3980 Fo incidence reports at country and sub-country 
level derived from 1180 references

Calderón et al. 2022, Plant Disease



Almost all spores lose viability 

before reaching Americasé.   

but not all!

Ą Our model indicates that 

~4 million live spores

could have been deposited 

in North America in June 

2020

Ą Theoretically, if there is 

substantial fungal 

infestation in North Africa, 

a big dust event like 

Godzilla could carry 

millions of live spores to 

the Americas.

Brodsky et al. accepted, Environmental Research Letters



Brodsky et al. accepted, Environmental Research Letters

ÅPoster: This afternoon here 

ÅTalk: C3.5-5, Tues 3:10PM, Salon T°te dôOr  

While transoceanic transport of viable spores appears possible, 

intercontinental transport between Europe/Africa/Asia is more 

likely, and potentially of greater risk.





Calderón et al in prep, no photos please

Pathosystem Distribution Modeling

Boosted Regression Tree Model

SPECIES DISTRIBUTION MODELING Estimate statistical reletionships between species presence and environmental variables,

thus predicting the geographical suitability for its establishment. Based on machine-learning methods: MaxEnt (Maximum

Entropy), Artificial Neural Networks, Random Forests, Boosted Regression Trees, and Support Vector Machines



Pathosystem Distribution Modeling

Boosted Regression Tree Model

Calderón et al in prep, no photos please



Predicting disease suitability in the future 

under various climate change scenarios

Boosted Regression Tree Model

ÅTalk, Sun 10:10 AM (here)

ÅPoster, Mon 21st - Tues 22nd

ÅFlash Talk, Tues 6:40 PM, Agora

Calderón et al in prep, no photos please

Climate 

change 

impacts on 

Foxy 

distribution


