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Disease is the result of
complex interactions
between antagonistic

organisms and their

environment



The Disease Triangle . Disease is the result of

Pathogen complex interactions
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Fig. 2. Frequency distribution of optical density (OD) data for adjacent
studied in India and Pakistan for the years 1977 and 1978 by the
Landsat-2 multispectral scanner on A, channel 6 and B, channel 7. On the
Indian side of the border the wheat crop was healthy and there were similar
frequency distributions during both years. Note that in Pakistan (A) marked
spectral differences were observed between nonepidemic (1977) and

First use of satellite data
to monitor a plant disease
epidemic in late 1970s

Cotton Root Rot infected field in
College Station, TX 1929
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Visible Light, ~450-750nm
Near Infrared, ~800-1200nm

Shortwave Infrared, ~1200-2400nm

VIS:
NIR

SWIR



Plant chemistry changes light reflectance
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o

HEl Blue (400-480 nm) === Chlorophyll
Il Green (480-600 nm) ——=- Protein
I Red (600-680 nm) Starch
I Red-Edge (680-750 nm) === Nitrogen
NIR (750-1300 nm) Lignin
SWIR-1 (1500-1800 nm) — == Cellulose
SWIR-2 (2000-2400 nm) -—-- Water
Atmospheric absorption | eaf spectrum
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Spectroscopy offers more information about plant-
microbe interactions than our eyes alone can see
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Figure by Phil Townsend | I;i.gure;y Phil Townsend
Art by Eric Larson
Plant pathogens physically Known biochemical & Imaging spectroscopy allows
and chemically change physiological plant constituents us to study plant disease at
plant constitution affect spectral reflectance scale

Underlying disease physiology and pathogen biology
drives our ability to sense and detect with imaging
spectroscopy



Surface, Biology, and Geology

Global VSWIR Imaging Spectrometer Launching ~2028

EeR ,S,Mg . | SBG on-orbit collaborations

NASA SBG VSWIR

EARTH ccp
SYSTEM . 2 . CLOUDS, CONVECTION
OBSERVATORY ~ AND PRECIPITATION

Water and Energy in
INTERCONNECTED the Atmosphere
CORE MISSIONS

v
SURFACE BIOLOGY AEROSOLS
AND GEOLOGY Particles in the
Earth Surface and Atmosphere
NASA/ASI SBG Ecosystems
TIR+VNIR
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Advances in sensor design and constellation satellite architecture
design have converged to put us at the precipice of an
unprecedented era of agricultural monitoring



The Gold Lab studies the fundamental and applied
science of plant disease sensing across scales to
Improve early detection & intervention.

Global disease surveillance f oilborne
‘plant pathogens with remote sensing
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Global disease surveillance of soilborne
plant pathogens W|th remote sensrng

RS Sl VIR
Fusarium oxysporum (Fo)
Causes Fusarium Wilt (FW)
**;,:, By k. it . Endemic to all six crop producing continents, 100+ susceptible crops
//’ ! ] , Fon v ., 2 Survives in soil for 20+ years
; e 3 S. Sl Annual yield losses ~10-60%
r ST ' Range will expand with climate change (shabani et ai. 2014)

i Soil dwellrng fungr are capable 4
¢ of aerosolization and transport v* ”

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

Jet Propulsion Laboratory

IDS Award #80NSSC20K1533



Fusarium oxysporum
Global Surveillance System

[_12 year

Remote Sensing

Build susceptibility assessment
for current Forisk in agricultural
zones form remote sensing
measurements

Evaluate concordance between susceptibility
: assessment, known incidence and modeled
4 Climate change dust sources/deposition regions

‘ impacts on Fo

distribution

Compare relatedness between
source/deposition isolates

Aerosol Transport

Build a model of long-distance
atmospheric Fo spore transport and

Comparative Genomics

Assemble spore traits that ‘
impact dispersal and assess the likelihood of transatlantic

atmospheric viability . transport of viable spores

Incorporate spore variability by region
into the atmospheric transport model

9 JPLU

PennState Jet Propulsion Laboratory




Aerosol Transport
Build a model of long-distance

atmospheric fo spore transport and
assess the likelihood of transatlantic
transport of viable spores

| n or de CantviabledFs k
spores be transported across
the Atl WatiicPe®t hacd
1) éaccurately si mul
ARnGodzill ao dust e
Summer 2020
2) éadapt t hRGMEMEIREIM
to include agricultural dust
3) éadapt the step 2
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

=
0O 05 1 15 >2

Brodsky et al. accepted, Environmental Research Letters



Remote Sensing
Build susceptibility assessment

for current Forisk in agricultural
zones form remote sensing
measurements

Virulent
Pathogen

Conducive Susceptlble
Environment Host

SCAN ME
@ to visit the online
web map

Calderdn et al. 2022, Plant Disease

cubense
Other 27
formae speciales

40 vasinfectum
formae

speciales
batatas "

cucumerinum

as.,aﬁ.?.".l ‘

tis
melonis conglutinans

‘u

3980) Foincidence reports at country and sub-country
level derived from 1180 references

Fusarium oxysporum ff. spp. diversity and distribution

This web map was developed as part of NASA Grant #80NSSC20K1533

) Number of formae speciales

| Last updated Friday April 8, 2022
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le-12%  1e-10% 1e-8% le-6% 0.0001% 0.01% 1% 100%
Percent of total spores that are alive

Almost all spores lose viability

before reachin
T B but not all!
Deposition " A Our model indicates that
Region  * ‘ ’ ¢ ~4 million live spores

could have been deposited
in North America in June
2020

A Theoretically, if there is

~ substantial fungal

o infestation in North Africa,

4 a big dust event like
o 5: Percent of land :
§ i hsernigamnn Godzilla could carry
é “\\ = >2% millions o.f live spores to
S R\ the Americas.
o %
g o ﬁx\ >25%
‘g >50%
100 L. Aerosol Transport

Build a model of long-distance

atmospheric /o spore transport and
assess the likelihood of transatlantic
transport of viable spores

Brodsky et al. accepted, Environmental Research Letters
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Moster: This afternoon here s |
Aalk: C3.5-5, Tues 3:10PM, Sal on T° tr&&4ig

Percent of viable spores that
are long-distance transported

ea» e» 0.0001%<=x<0.01%

o 0.01% <= X

[spores/10,000,000 hectare * % cropland]

Relative danger of deposition onto cropland

-

o
o
[

While transoceanic transport of viable spores appears possible,
Intercontinental transport between Europe/Africa/Asia is more
likely, and potentially of greater risk. __ e

Build a model of long-distance
atmospheric Fo spore transport and
assess the likelihood of transatlantic

transport of viable spores

Brodsky et al. accepted, Environmental Research Letters
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Pathosystem Distribution Modeling

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

. Prediction
Pre- mOdeI I ng Partitions
e . "l
1. Harmonization of input maps .- ™ ¥ Metinee 2 o 50" e 0N
g i . 3 s £ 52 a5
2. Geographic/environmental filtering v e 2 % A ?‘"
3. Definition of calibration area ’ w V“: i : ;
4. Block partition ! LA Risk  # : o
- Presences  « Background
5. Background/pseudo-absences generation 0 0.2 0.4 0.6 0.8 1
g /p g e [ f I I — ]
s o = MOde“ng 1. Training a model
Correlative Distribution Models 2. Removing highly correlated variables
Presence-only models: Maxent \ 3. Tuning model hyperparameter
Presence-absence models: 4. Optimizing model parsimony

RE; ANN, SV 5. Testing and evaluating the final model
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Remote Sensing
Build susceptibility assessment
for current Forisk in agricultural
zones form remote sensing
measurements
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Calderdn et al in prep, no photos please



Pathosystem Distribution Modeling
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Remote Sensing
Build susceptibility assessment
for current Forisk in agricultural
zones form remote sensing
measurements

Calderdn et al in prep, no photos please



Predicting disease suitability in the future
under various climate change scenarios

No. of scenarios that
follow the same trend  — Lo [ I D [T |

2 1 1 2 3

Aralk, Sun 10:10 AM (here) Sk':;“nag;g
Moster, Mon 21st - Tues 22 impacts on
Alash Talk, Tues 6:40 PM, Agora Foxy

distribution

Calderdn et al in prep, no photos please



