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A brief introduction

A (grass) weed guy: ecology & evolution of weeds,
herbicide resistance, integrated weed management.

 PhD, University of Liverpool, UK: Rare arable weeds.
 Postdoc, University of Western Australia: Herbicide resistance.

* Lecturer, University of Warwick, UK: Weed ecology, herbicide
resistance.

* Principal Research Scientist, Rothamsted Research, UK:
Programme lead for “Smart Crop Protection”.

* Programme lead, Agriculture & Horticulture Development
Board, UK: Integrated Pest Management.

* Professor, University of Copenhagen, Denmark: Weed ecology
& evolution, One Crop Health.



Overview of my presentation

The blackgrass epidemic in
England: a motivating example.

* One Crop Health: What's the idea?

* One Crop Health: an international,
interdisciplinary project.



The Farmers frustrated by insidious black
Guardian Btas

Lower Benefield, Northamptonshire: At night, in the
village bar, the name black grass is muttered darkly with
shaking heads

Matt Shardlow
Thu 12 Jun 2014 12.39 CEST
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O Black grass, Alopecurus myosuroides, growing in wheat. Photograph: Tim Scrivener/Alamy
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The Blackgrass Resistance Initiative

Black-Grass Resistance Initiative
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A UK blackgrass farm network

* Field maps (spatio-temporal population dynamics)

 Seed samples (resistance characterization, molecular
mechanisms, population genomics, fitness costs)

* Field management data
 Economic data (yields, costs, profit)

 Environmental data (soils, weather etc.)

WEED RESEARCH n

An International Journal of Weed Biology,
Ecology and Vegetation Management

SPECIAL ISSUE ARTICLE = (3 Full Access

Adopting epidemiological approaches for herbicide resistance
monitoring and management

David Comont 5%, Paul Neve



Mapping blackgrass abundance

High densities
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Modelled national density maps, Hicks et al., 2021

Field maps



2014: A herbicide resistance epidemic
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Resistance levels driven by herbicide use intensity

k&% P <0.005
Not significant

agricultural practices

Cultivation histories

Proportion of years ploughed NS
Cultivation intensity score NS

We looked for relationships between
herbicide resistance and these common

nature

ecology & evolution

ARTICLES
ttps://doi.org/10.1038/541559-018-0470-1

Evolution of resistance is driven only by intensity of
. = pt . . e . . The factors driving evolved herbicide resistance
herbicide use, no mitigation by herbicide diversity at  national scale
(m ixtu res’ rotations’ seq uenceS) Helen L. Hicks', David Comont2, Shaun R. Coutts’, Laura Crook?, Richard Hull?, Ken Norris?,

Paul Neve?, Dylan Z. Childs' and Robert P. Freckleton®™



Resistance costs up to €500 per hectare
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The high cost of

HERBICIDE

£0.4 billion in lost
income for farmers

due to just one weed: black-grass

Cost per hectare

In high weed density areas the economic
cost* of resistant black-grass can be about
£450 per hectare or 37% of potential gross
profit. At low weed density, the cost is
around 7% / £75 per hectare.

820,000 Tonnes of wheat

lost due to herbicide resistant black-grass

THAT'S ABOUT 1.2 BILLION LOAVES OF BREAD

WHAT CAN BE DONE?

™ &

REDUCE USE

Reduce use and reliance
on herbicides

TAKE ACTION

Coordinate resistance
management at the
national scale

DIVERSIFY

Use a diversity of crops Impacts of reduced
and management practices  resistance on agronomic,
to prevent and manage  economic and environmental
resistance performance.
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Cost of infestation (£ per ha)

400 -

300 -

200 -

100 -

Low Medium High Very high

Estimated annual
cost of herbicide
resistant blackgrass
in the UK: £0.4

billion per year
Cost component:
B Operations costs

[l Yield losses
Herbicide costs

ANALYSIS

namre . e
sustainability

https://doi.org/10.1038/541893-019-0450-8

The costs of human-induced evolution in an
agricultural system

Alexa Varah®™, Kwadjo Ahodo®’, Shaun R. Coutts??, Helen L. Hicks®%*, David Comont?,
Laura Crooks, Richard Hull5, Paul Neve®, Dylan Z. Childs?, Robert P. Freckleton 2 and Ken Norris®?



Glyphosate sensitivity in UK blackgrass

% survival
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Selection for glyphosate insensitivity
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NEWSCientiSt (Sign in ;) <Eﬂter search keywords

Environment

Glyphosate-resistant weeds have
evolved in the UK for the first time

The herbicide glyphosate is helping farmers adopt more environmentally friendly practices,
and resistant weeds will make this transition more difficult, experts say

By Michael Le Page
E3 10 January 2025
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A [talian ryegrass is a common weed in arable crops



Variable sensitivity to a new pre-emergence herbicide
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UK herbicide use statistics (1992 — 2022)
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Between 2012 and 2022, the total weight of herbicide active ingredients applied to UK arable crops has

risen from 6,619 tonnes to 7,848 tonnes
(pusstats.fera.co.uk)



Herbicide resistance in UK blackgrass

 Epidemic of herbicide resistant blackgrass by early 2010’s.

* Resistance has evolved rapidly and widely.

* Estimated annual costs of €0.5 billion

* Extent of resistance is determined by intensity of herbicide use.
* Resistance is conferred by multiple, co-existing mechanisms.

* No detectable fithess costs of resistance.

* Potential for resistance to glyphosate and newer pre-emergence
herbicides.

* Herbicide use continues to increase (pre-emergence herbicides).
* We are selecting for a ‘resistance syndrome’ in major global weeds.

* Reducing reliance on herbicides is essential.




2030 Targets for sustainable food production

Reduce by 50% the
overall use and risk
of chemical
pesticides and
reduce use by 50%
of more hazardous
pesticides

Reduce nutrient
losses by at least 50%
while ensuring no
deterioration in soil
fertility; this will
reduce use of
fertilisers by at least
20 %

Reduce sales of
antimicrobials for
farmed animals
by 50%

Achieve at least 25% of
the EU’s agricultural land
under organic farming
and a significant increase
in organic aquaculture




Reducing reliance on pesticides

 Conventional crop protection

* Integrated pest management (IPM)
* Agroecological crop protection

* |ntegrated crop management (ICM)
* Smart crop protection

* Precision IPM

* Regenerative agriculture

 Pesticide-free

PWD
integration

Soil health

Pesticide use

—Conventional
—IPM
—ICM

Ecological
intensification

Technology
integration



One Crop Health for Next
Generation Crop Protection

A six-year (2024-2030, €8 million) challenge grant
from the Novo Nordisk Foundation
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Department of Plant and Environmental
Sciences

PLEN focuses on
plants, microbes
and the
environment as a
basis for the
sustainable
production of food
and biological
Professor Paul Neve products.

(Plant ecology and

evolution)
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BIOTECHNOLOGY
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Department of Agroecology

The interaction between plants, soil, animals,
climate and people. We develop sustainable
solutions based on agroecological principles.

Professor Per Kudsk
(Crop Protection)
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water health

Professor Jonathan Storkey
(Agroecology)

Professor Sune Darkner
(image analysis, digital
twin technology)

AgZero+

Supporting the transition to
productive, net-zero and less
polluting agriculture whilst
enhancing biodiversity, soil and

Department of Computer Science

*
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Drones / Airplanes

x
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Sensor

v In-Situ/ Research/
((‘ ))) Samples

DIKU contributes to Agriculture of Data - a
€332 million Horizon Europe Partnership



One Health

One Health is an integrated, unifying approach that aims to
sustainably balance and optimize the health of people,
animals and ecosystems.

Environmental

Health It recognizes that the health of humans, domestic and wild
animals, plants and the wider environment (including
ecosystems) are closely linked and interdependent.

Health
Human

Health
Animal

Health



Human health & crop health: many parallels

Preventative medicine — prevention is better than cure

. Antimicrobial resistance / pesticide resistance / evolutionary context
; Precision medicine / precision agriculture

. Population surveillance / early detection / diagnhostics

. Gene therapy / gene-editing / new genetic technologies

. Gut microbiome / plant-soil microbiome

. Evidence-based approaches & epidemiology

& Sensors / wearables / big data and Al /




Science breakthroughs for agri-food, 2030 ONE
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The National Acadenties of

EELE e Scientific advances in agroecology,
CONSENSUS STUDY REPORT

sonceBreataugrete 0 SENSOIS, data sciences & biotechnology
sl e T\ will transform agri-food systems.

1. A systems approach: understand nature of interactions in
agricultural systems.

2. Field sensors and biosensors: enable rapid sensing and
monitoring.

3. Advanced analytics: integration of data sciences, software
tools and systems models.

4. Gene editing: new biotechnology-inspired and enabled
solutions.

5. Microbiome: increase resilience to stress and disease.



One Crop Health: integration beyond IPM

Prevention

* Integrating plant heath,
soil health &
agroecosystem health.

* Integrating
agroecological, digital,
biological and
biotechnological tools.

 Integrating biology &

Control

Crop rotation

Soil health Biopesticides

Bio-stimulants

Crop diversity Pesticides

Gene-editing

Regenerative agric. Lasers

Biocontrol Peptides

RNAI

Robotics

Diagnostics
Precision agric.

management Agroecological
pathogens, pests & Sensors Cameras (Diversity)
weeds. Satellites Dlgltal

* Integrating prevention, Detection Al / data science (High-tech)

Decision-support

Bio-(technological)
(Resilience)

detection & control.



One Crop Health as an agro-eco-tech innovation

Pesticide use

PWD Ecological
integration intensification

echnology

Soil health . .
Integration



One Crop Health

 National farm
monitoring networks

 Large-scale, long-
term field
experiments

 Crop health systems
models

e An international
cohort of PhD
students




WP1: farm networks ONE

CROP

HEALTH

50 farms, 2 fields per farm (DK and UK)
Focus on cereal - oilseed systems g@

L2

Monitor field-level presence, abundance, Lo o
diversity of pests, weeds, pathogens, biodiversity. =

Integrate with field management and
environmental meta-data.

 Epidemiological approach to determine
environment (E) x management (M) drivers of PWD

 Understand which PWD complexes are associated
with E*M combinations.

Ecosystem Health

* Optimise and integrate novel technologies for field
to landscape monitoring and surveillance of PWD.

Plant Health



One Crop Health

 National farm
monitoring networks

 Large-scale, long-
term field
experiments

 Crop health systems
models

e An international
cohort of PhD
students




WP2: Long-term field experiments

Management
factors

Crop rotation

Tillage

Organic
amendments

Crop protection

State variables Outcomes
Abiotic states Biotic states Productivity**
Soil nutrient content* Weed seedbank* (Yield quality and quantity)
Soil health and function®
Soil physical structure Worm abundance
(bulk density*, > Biodiversity
aggregate stability, Soil microbiology*
compaction®, Losses to environment
porosity) Pest & disease
pressure Nutrient use efficiency™*
Beneficial .
arthropods Farm profitability*

*Core measurements taken in baseline year and every third year
**Recorded every year

Li et al., Agronomy for Sustainable Development, 2023




WP2: farm networks

Dynamic design (5 systems), 4-
year & 8-year crop rotations R—
1. Business-as-usual
2. Agroecological

3. Smart (digital)

4. Biological
5. One Crop Health

Reduce reliance on pesticides via
integration of agroecological,




One Crop Health

WP1 e National farm

monitoring networks

 Large-scale, long-
term field
experiments

— / * Crop health systems
WP1 models
WP3 \

e An international
cohort of PhD
students

WP2




WP3: Crop health systems models ONE

CROP
HEALTH

Physical-to-virtual Virtual-to-physical

| Digital
Digital Twin
» Digital Model » She igita
e A A digital representation with A digital representation with
A dlgltalhreggea?zr:&t;on ora automated uni-directional automated bi-directional
PRy information flow information flow Purcell & Neubauer, 2022

Daisy:
wl I ROTHAMSTED LANDSCAPE MODEL

Simulated plant production
and environmental effects

READ MORE
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One Crop Health

 National farm
monitoring networks

 Large-scale, long-
term field
experiments

 Crop health systems
models

* An international
cohort of PhD

innovation for prevention,

detectic;[ani4l of::)ests StUde ntS




WP4: International PhD cohort

The
University

12 PhD projects funded o> U o

AgRGEEE”

 Copenhagen University (5), Aarhus University
(2), Roth/Sheffield (5)

* Surveillance & monitoring, soil-plant-
microbiome, modelling & data science,
biocontrol, chemical ecology, agroecology.

* Cross-partner, international supervision
« Summer schools / workshops / seminars
* First call for applications in 2024/2025




Opportunities (pbneve@plen.ku.dk)

&% Jobportal -
- Job og karriere pa KU OB

B jobportal - Job og karriere pa lobpartal DK > Ph.d.-stillinger
KU

y Videnskabelige stillinger

. PhD fellowships at the Department
y Lektoropslag til . .
forfremmelsesprogrammet of Plant & Environmental Sciences.

)y Tenure-track-stillinger
The Department of Plant & Environmental Sciences (PLEN) is inviting

B Ph.d.stillinger applications for three PhD scholarships that will start on 1 September 2025 or
=Ph.d. pa KU later. The PhDs are funded as part of large international and inter-disciplinary

y Undervisningsstillinger projects in One Crop Health funded by the Movo Nordisk Foundation.

y Administrative og

forskningsunderstattende
stillinger

PLEM carries out research at the intersection of plant, agricultural,
environmental and biotechnological science to develop novel approaches and
solutions for the green transition of agri-food and environmental systems.
The PhDs will be based in the sections of crop sciences, organismal biology or
y Kontakt microbial ecology and biotechnology at PLEN.

y KU som arbejdsplads

Deadline: 29 April 2025
Start date: 1 September 2025

ONE
CROP

HEALTH

Harnessing environment DNA (eDNA) for
surveillance and management of agro-biodiversity.

The impact of functional biodiversity in weed-insect
interactions.

Breaking the bank: Weed seed bank decay in
arable soils.

Fungal induced resistance against cabbage stem
flea beetle in oilseed rape.

Integrated control of airborne diseases in wheat.

The One Crop Health project (DK, UK) is looking to collaborate in upcoming
Horizon calls in plant health and IPM!!
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