€ dl @ %@ &

Integrated Pest Management strategies for
a changing climate — building-in resilience

Adrian C Newton
Food System Impacts of Pests & Pathogens in a Changing Climate. 19th — 23rd

August 2019, Aspen, Colorado The ]ameS

Hutton
Institute




“.
—_——
Overview | IT]

The James

Hutton
Institute

Can we predict pathogen changes well enough for targeted IPM?

2. Complexity, connectivity, heterogeneity and diversity: the
parameters of resilience?

3. Can complexity, connectivity, heterogeneity and diversity be
managed PRACTICALLY?

SYSTEMS that exploit such resilience...
5. [APPROACHES to resistance breeding and management...]
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SYSTEMS

SYSTEMS

Gkaanter L LT R S—— |
, WhRendve L LR




Representative current and emerging pest and dlsease problems that could threaten barley food securlty

gihibe world 4. Barley
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e context of food security.
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Abstract Mcthods uscd to asscss climate change risk
for crop discascs often assumc that both host and path-
ogen arc present. Conscequently, model output may mis-
rcpresent future growing scasons, duc to a failure to
reflect likely change at the landscape- and farm-scale
and its impact on discasc risk. In this study, data defining
the spatial coverage of crops in Scotland were combined
with spatially cohcrent, probabilistic climate change
data to project the future nisk of Fusarium hcad blight
(FHB) in wheat. Primary inoculum was initially trcated

vulncrable to sca-level rise, with little additional nisk of
(FHB. Thesc projections, made by considering the tem-)
poral and spatial coincidence of host and pathogen
specics under various climate change scenarios, suggest
that improved control of FHB might not be a high

|eriority for futurc food sccunty in Scotland. :

Keywords Fusarium head blight
(Gibberella zeae/Fusarium culmorum) - Mycotoxins -
Climatc changc - Risk asscssment - Inoculum dispersal
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@ Influences on pest and pathogen threat to food security

Where does “diversity” (complexity, connectivity,
heterogeneity and diversity) fit in?

Extension service International authority
E (e.g. USDA, ADAS, SRUC) (e.g. FAO, CABI, UNESCO)
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o Administrative authority
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Newton, Johnson & Gregory, 2011. Euphytica 179, 3-18
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Diversity high (8) | Diversity low (2)

{ Heterogeneity Connectivity

[uniform / patchy| Complexity/
distribution] heterogeneity

How different How different

2 low 4 high
8 high 1 medium
2 high 1 medium
8 low 0.25 low

Resilience
L Crop genotypes / traits

O Agronomy

( Spatial deployment <__Spatial

O Temporal deployment

50 Connectivity

0
Diversity

CompleRl] Scale » Policy drivers
e » Supply chain implications
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@ Structured resistance gene deployment
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Selection for: a) Simple b) Complex ¢) Simple and Complex and Groups

Mildew! 4.092 4.692 2.61°
LSD 1.06 ! Percentage whole plant infection. e




But on a REAL farm...

Pre-mixed

3 different varieties
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Mixtures cf. mono mean:

Mixtures cf. mono mean:

Intercrops = bigger trait interaction potential = bigger responses
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Wheat cultivar

effect of disrupting soil microbe — crop on disease resistance expression in the field (UK,

Mature direct drilled wheat compared with inversion tillage (plough & harrow) showing
2018)




entre for Sustainable

Cropping (CSC) - Balruddery
Winter barley

Potato

NS
\/f/‘/

Winter wheat (**)
2011 2012 2013 2014 2015 2016

\/’\/‘

2011 2012 2013 2014 2015 2016

Crop vyields: first rotation 2011-2016:
orange = integrated, yellow = standard
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mutualism and parasitism in the trophic

space of microbe-plant interactions. Necrotroph
Trends in Microbiology 18, 365-373. ;»U
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e.g.
Cereal rusts
Powdery mildews

e.g.
Rhizobium/L #jume

TRENDS in Microbiology
1
2a Ramularia collo-cygni on Hordeum vulgare
2b Pectobacterium atrosecticum on Brassicae and Solanum tuberosum
2c Leptosphaeria maculans on Brassica napus
3 Arbuscular mycorrhizal symbioses

4 Ceratobasidium cornigerum on Goodyera repens
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change triggers
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Example trophic phase change triggers

All these are affected by climate change



—
)

The James

Hutton
Institute



—
)

The James
Hutton

Pest and pathogen populations |nStItUte

» How do we choose / prioritise these options?
> Are options additive / synergistic / antagonistic?
» How do we promote and manage these options?

In Integrated Pest Management (IPM):
Complexity, connectivity, heterogeneity and
diversity
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Heterog . . Mono-
-eneity Crop yield and quality auffiua

Soil: biology and physics

Chakraborty & Newton, 2011. Plant Pathology 60, 2-14 (special issue on climate change)

Figure 2 Influence of climate change on rate-determining processes that are the result of the complex interaction between
the ‘enhancing’ (right) and ‘mitigating’ (left) influences on plant and pest / pathogen interactions. Rankings for likelihood
probabilities and manipulation feasibility are initial approximations requiring critical review.



Shoot-shoot signals
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Within a plant

Root-root signals |

Crop plantD

Crop plant

C - shoots
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Between plants ’

Between other organisms ’ Between plants and other organisms

Crop system diversity signalling influences.
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