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50 years ago
in 1971 ...

PLANT PATHOLOGY

WILLIAM C. SNYDER
Department of Plant Patholog
University of California
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“Today the Sciences, including
Pathology, and even the Universi
trouble. Troubled times are continu
current troubles always seem the mo

Terms such as "agriculture" and "p
pathology" are a bit "out," while "ec
and "environment" are "in." Yet actu
concerns of the latter terms are built int
pathology.

Our discipline more than most others is
concerned with the inter-relationships of
pathogen and host, ecologically and i
to the total environment.

No other discipline is more co
ecology and the environme
really knew about us, we



Plant Disease: Old and New C¢

Host 5th
dimension

Host

Society
(Political, economic)
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Time l\ H
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Pathogen £ Dise?
Pathogen Environment

Environment

Environment symbioses
Disease triangle Disease tetrahedron Disease pyramid (Mcrobiome)

Environment

Pathogen

".... fifth dimension....will have profound impact on disease developme
outcomes on scales from the local to the global.”

“.... tThe aim of plant pathologists, in collaboration with other fiel
sectors of society, should be a continuously adaptive and resili
that can buffer against shocks such as pandemics.....
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Increasing demand for food to support the

booming global population and its improving

living standards;
\_ _/

Reducing production potential in agriculture
due to competition for land in fertile areas

\and exhaustion of marginal arable lands;

_/

o o o o \
Increased risk of disease epidemics
resulting from agricultural intensification
\and monocultures.

-

Deteriorating ecology of agro-ecosystems
and depletion of natural resources;

.
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Influence of climate change on the
complex interactions between plants and
\Pathogens.




A Sustainable Future Strate
Plant Pathology...

N N Must be based on the us

or more renewable reso

Does not break down due
evolutionary change.

Has a broad spectrum of
applicability.

Is affordable in the conte
the local economy and cro




Key issues facing plant pathol
the 21st century:

1. To strengthen food security while simultaneou
safeguarding the health of associated ecosyste
reducing dependency on natural resources.

2. To devise pest and disease control systems that a
sustainable and not compromised by the evolution o
and pathogen strains able to overcome crop resista
chemicals.

To develop appropriate crop protection technologi
well as mechanisms for their use, in low-input f
systems.

Lucas, J.A. 2011. Advances in plant disease and pest management. Jnl of Agricultural Science 149, 91-114.
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Lucas, J.A. 2011. Advances in plant disease and pest management. Jnl of Agricultural Science 149, 91-114.



1. Disease Detection and Diagn
Molecular diagnostics

Molecular Methods
In Plant Disease
Diagnostics

Edited by

Neil Boonham
Jenny Tomlinson
& Rick Mumford

DNA-based technologies
increased the speed, sen
accuracy of pest and
detection and diagnosis.

and

The development of biosensor
identify pathogen inoculum
time, coupled to information ne
will provide real-time monitorin
surveillance of crops or s
produce.

This will give early warning' of
emerging problems and shew invasive
species.



» In the past decade, reports of nanotechnology in phytop

Nanotechnology

grown exponentially.

Nanoparticle Plant pathogen
Healthy = Unhealthy
Cu P. destructiva
Strayer-Scherer et al. 2018

Giannousi et al. 2013 P.infestans

Zn0O/MgO R. stolonifer

Wani & Shaw 2012 M. plumbeus

Zn0/MgO, Cu

Wani & Shaw 2012 F. oxysporum

Kanhed et al. 2014 A. alternata

Zn0O
He etal. 2011
Graham et al. 2016

TiO2

Paret et al. 2013a
Ag, Ag
Lamsaletal.2011a
Ag, Ag

Lamsal et al. 2011b
Park et al. 2006

Ag
Gajbhiye et al. 2009

P.

P
B. cinerea

P. cubensis

X. xanthii
P.syringae pv.
Colletotrichum

G. cichoracearum
S. fusca

P.glomerata
P. herbarum

F. semitectum

Nanoparticle Plant pathogen
Healthy = Unhealthy
Ag ————= =
Park et al. 2006

Chuetal. 2012

Ag/Si0
Jo et al. 2009
Kim et al. 2008

B. sorokiniana

Ag, Ag

Cromwell etal. 2014 M. grisea

Zn0O
Wani & Shaw 2012

F. graminearum

NON NUTRIENTS

Cu,Cu
Kanhed et al. 2014

Cuo
Elmer & White 2016
Elmer et al. 2018

C. lunata

F. graminearum

ZnO F. oxysporum
Wani & Shaw 2012 V.dahliae
Meloidogyne sp.

Nanoparticles

B In vivo (field or greenhouse)
B In vitro

Pathogens
Bl Inhibition of pathogen
I No inhibition

Nanomaterials have been integrated into disease management
and diagnostics and as molecular tools.

M. Gaspar, Olga A Lastovetsky, A. Bombarely, M. Goodin. 2018. The Future of Nanotechnology in Plant Pathology. Annu. Rev. Phytopathol 56 :111-133




Nanotechnology can ....
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« A. Increase the productivity using nanopes’ncudes and nanofertilizers
B. Improve the quality of the soil using nanozeolites and hydrogels;
C. Stimulate plant growth using nanomaterials (SiO,, TiO,, and C-na

D. Provide smart monitoring via nanosensors and wireless comm



1. Disease Detection and Diag
Remote Sensing

Hyperspectral technology-based plant disease detection)
type of non-invasive technology, is drawing increasing
precision agriculture.

Web of Science: found 651 relevant papers from 1990-2
“plant disease"” and “hyperspectral” used as the key words
for in “all databases."




Sensor Technologies
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Anne-Katrin Mahlein 2016. Plant Disease 100: 241-251
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2. Plant Defence and Immun
Induced plant resistance

» Improved exploitation of induced plant resistance by 'funing’ or priming pl
deal with a diversity of biotic and abiotic stress.

» SA,JA and ET signalling pathways are potentially antagonistic, but the emerg
synergy can be achieved between these parts of the plant defence network to
spectrum resistance to pests and pathogens.

SYSTEMIC

Pathogen
infection

microbiome

PAMP:

o
=

Pathogen Beneficial microbe



2. Plant Defence & Immunity

Plant defence activators i
b

® A

» Future prospects of delivering chemicals
modulating plant resistance via biological
agents, (such as engineered microbial colonists)
might lend themselves to low-cost seed or  «ix
propagation material treatments, removing the

need for expensive spray regimes.

» The success of such approaches will depend on
improved knowledge of microbial ecology and
population dynamics in microbiomes, as much as [: _
on the role of specific signal molecules.

Ro,n
)

Rhizosphere

ukanti R.V.N.R. (2020) Structure and Function of Rhizobiome. In: Varma A., Tripathi S., Prasad R. (eds) Plant Microbe
is. Springer, Cham.




Machine learning in plant-pathogen in

Machine learning (ML): the application of statistical methods to identify patterns
in data, commonly divided into unsupervised and supervised approaches.

LighT r‘eflec-‘-ance fr'om a heal.rhy r'ice R Hyperspectral % Stressed leaf
plant leaf will differ from that of a N — g [
stressed leaf and can be measured using [% 2 y
sensors @ Wavelength (mm)
. $
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Stressed and healthy leaves will display ™7 Bl Bkl .
distinct reflectance curves. (/ ‘
m genes
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prediction

involved in host-pathogen interactions.
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ML can enable prediction of pathogen 9 P) |
proteins that enter plant cells s
(cytoplasmic effectors). .
AN Plant cell o io

9 Effectors
|\
A

Jana Sperschneider, 2019. Machine learning in plant—pathogen interactions: empowering biological predictions from field scale to genome

scale. New Phytologist, Volume: 228, Issue: 1, Pages: 35-41




3. Accessing and Exploiting Genetic

» Genetic Diversification

» Sequencing of the genomes of the major crop species and
relatives will expand the known gene pool and diversity of g
resources available for plant breeders to access.

» Genetic Modification (GM)

» GM approaches will facilitate pyramiding resistance genes in
different specificities and modes of action, thereby reduci
directional selection for virulence by pathogens.



4. Pathogen Targets for Inte

» A new era beckons where the prospect of ‘crop pharmacolog
signal molecules and their receptors will become a reality.

Molecular Targets Concept

Reaction types:

Non-covalent binding
Covalent binding
Electron transfer

Enzymatic reaction

Target molecule

Attributes of target:
Reactivity Qutcomes:
e f 2 Dysfunction
ACCE OHILY
il ncoion

Destruction
Necantigen formation

» It will be based on the development of new chemistries designed to
manipulate specific molecular targets, either in regulating host resist
or disabling the disease-causing processes of pathogens.

It will be driven by an exponential increase in genomic, trans
proteomic and metabolomic information populating database
the tools to manage, mine and interpret this information



iIches to Disease Control

f pathogens will improve our
ral enemies or antagonists.

» Insights into the natural
diversity and activity of soil
and microbial populations in
microbiomes will provide
information on mechanisms
of suppression regulating
pest species.

Manipulation of microbiomes
thereby recruiting and
retaining more effective
microorganisms for
biocontrol, biofertilizers,
etc.

ds (VOC's), either from natural plant
n transgenic crops, will be used to

iour. Dun-chun, et al., 2016. Problems, challenges and future of plant
disease management: from an ecological point of view. Journal of
Integrative Agriculture 15(4): 705-715



5. Ecological Approaches to Disea

The introduction of invasive pathogen species and the eff
climate change will have a particular impact on emerging plant

and managing epidemics.
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Burdon JJ, Zhan J (2020) Climate change and disease in plant communities. PLoS Biol 18(11)




Influence of climate change on rate-determining processes t
of the complex interactions between the ‘enhancing’ and 'mitig
on plant and pest/pathogen interactions.

Pest and pathogen populations

Risk
mitigation

Plant Pathology (2011) 60, 2-14



It is therefore critical to take a holistic approach to understand how and wh
nathogenesis occurs in order to effectively manage for diseases given the
ies of changing environmental conditions.

A multi-omics approach allows for a detailed picture of plant-microbial

interactions and can ultimately allow us to build predictive models for how
microbes and plants will respond to stress under environmental change.

Omics approaches from the genotype to the phenotype will inform plant
in a holistic manner and can shed light on microbial
communities above and belowground.

Crandall SG, Gold KM, Jiménez-Gasco MdM, Filgueiras CC, Willett DS (2020). A multi-omics approach to solving problems
in plant disease ecology. PLOS ONE 15(9)



Multi-omics approaches inform the
genotype to phenotype cascade.
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Crandall SG, Gold KM, Jiménez-Gasco MdM, Filgueiras CC, Willett DS (2020). A multi-omics approach to solving problems
in plant disease ecology. PLOS ONE 15(9)




Phytobiomes ¢
plants, their en
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Towards a Systems Thinking Ap

PHYTOBIOMES—Integrating efforts spanning diverse

components of agricultural systems
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Future epidemiology must bridge scales from a genetic to a global level.
The catalyst for this interdisciplinary approach is the application of
mathematical modelling that can be used successfully to capture the
complexities of the host-pathogen-environment interactions.

Major opportunities:

An unprecedented capaci gather and anal

Anti-microbial resistance (AMR) has the potential to cause epidemics
not experienced since the pre-antibiotic era. l

Epidemiological models therefore need to merge with an economic and
behavioural framework.

Kleczkowski A, Hoyle A, McMenemy P. 2019. One model to rule them all? Modelling approaches across One Health for human,
animal and plant epidemics. Phil. Trans. R. Soc. B 374: 20180255.




Educating Future Plant Patholog

Lack of health integration across human, ani
and environmental health sectors calls for the

of a One Health Worker.

o

MacDonald, et al., 2009. "Education in Plant Pathology Present Status and Future Challenges®. Papers in Plant Pathology. 322.

Wilkes, M. et al., 2019. One Health workers: innovations in early detection of human, animal, and plant disease outbreaks



The One Health Concep

One Health (OH): Represents the collaboration of multiple di
to achieve optimal health for people, animals, plants/crops, a

Increased
Toxic risk
Global warming
Migratory movements N A 4
Habitat destruction . N B \
Industrialization ! . . \
/ \ \/ S
Ecological Organisms
Global changes / .
SH (physiology, immunity, genetics,
Py - Yy desequilibrium D enaiic)
Human activities \ & . &
1 iotic interactions
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) ~ Biodiversity ‘
=N = 7
a <
s Q
/ /‘\' A *
Human behaviors \/ \
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Food chianges Infectious risk DISEASE

Farming practices

- - .

Destoumieux-Garzon D, et al., 2018. The One Health Concept: 10 Years Old and a Long Road Ahead. Front. Vet. Sci. 5:14.



Interdisciplinary Research:
Understanding complexity in a time of crisis

How can interdisciplinary thinking help us study and
understand problems that cross disciplinary boundaries?

Working beyond a single discipline:

Multi-disciplinary

* Relating to, or making use of several disciplines at once

Cross-disciplinary

» Coordinating efforts or approaches by involving fwo or
more disciplines

Independent disciplines

Invelves sequenced and focused
content with discipline-based
correlated ideas

Multidisciplinarity

Inter-disciplinary

- Integrating concepts, frameworks or approaches two or
more disciplines, fields of study or professions

Contrasts disciplinarity perspectives

in an additive manner, involving little

interaction between disciplines

Interdisciplinarity

Trans-disciplinary

» Thinking that transcends boundaries of conventional
disciplines

Discipline

Combines two or more disciplines to
a new level of integration, beginning
to break boundaries




One Health = A Systems Thinking

The integration of a wide range of discipline
systems engineering, biogeochemistry, gen
biochemistry, physiology and ecology, will

required components of this complex cock

I. Provide basic health advice on select primary care health
conditions;

2. Promote early detection of human endemic or epidemic
health threats;

3. Document the water and food sources and food-
storage/preparation and identify overlap with animal and
plant health;

4. Collect information at the household level, on sewage
disposal of human,animal,and crop waste;

5. Document the use of pesticides and potential environmental
toxins; and,

6. Collect data to identify health care gaps in community
human,animal,and plant/crop health.

Plant/Environment

I. Understand agricultural practices, water use, planting
and storage of crops;

2. Establish symptoms for early identification of
plant/crop diseases

Animal

. Improve overall animal health
thereby family economic health;

2. Provide geo-linked community-
based mapping of common animal
disease problems to facilitate
early detection and intervention
of emergingand re-emerging
animal pathogen and disease
threats;

3. Improvefood security and
monitor for food-borne illness;

4. Reduce inappropriate antibiotic 5 - .
tisarand 3. Document pesticides, fertilizers, and toxins used for

5. Integrate animal, plant/crop,and crop agriculture,including organic methods
l Kiifnar disease |:;robl aFie at'th » 4. Identify and document common pathogens, Infestations,

data output and collection level. or growth disorders of crops;and,
5. Provide geo-linked community-based mapping of

common agricultural problems to enable early
detection and intervention.

Wilkes, M. et al., 2019. One Health workers: innovations in early detection of human, animal, and plant disease outbreaks
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Whither or wither Plant Patholo

What does the future hold for plant pathology?




A Futuristic Perspective

Collaborations with biomedical and aeronautical engineers, nanotechnologists,
and computer scientists will help develop micro-sensory technology for the
detection of new pathogens for wuse in biosecurity, diagnostics and
epidemiological modeling.

Perhaps in the not-too-distant future there will be a plant disease Tricorder®,
like the one used by Dr. McCoy in Star Trek.

An instrument that contains a DNA chip from virtually every known plant
pathogen where we can simply snip off a piece of the infected plant material,
slip it into the "Tricorder®' and, within seconds, we not only have the diagnosis
of the disease, but all the information about its control too.

Far fetched, perhaps, but no doubt possible....
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