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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.





Alopecurus myosuroides (blackgrass)



The Blackgrass 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.)



Mapping blackgrass abundance

High densities

Medium densities

Low/ patchy densities

Field maps

Modelled national density maps, Hicks et al., 2021



2014: A herbicide resistance epidemic

75% resistance 90% resistance 56% resistance

Mesosulfuron-methyl Fenoxaprop-p-ethyl Cycloxydim



Resistance levels driven by herbicide use intensity

Cropping
Autumn vs spring sown NS
Cereal vs other crop types NS
Proportion w.wheat in rotation NS

Cultivation histories
Proportion of years ploughed NS
Cultivation intensity score NS

Herbicide regimes
Herbicide intensity (applic. yr-1) ***
Herbicide diversity (MOA yr-1) NS
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*** P < 0.005

NS Not significant

Evolution of resistance is driven only by intensity of 

herbicide use, no mitigation by herbicide diversity 

(mixtures, rotations, sequences)



Resistance costs up to €500 per hectare

Estimated annual 

cost of herbicide 

resistant blackgrass 

in the UK: £0.4 

billion per year



Glyphosate sensitivity in UK blackgrass

Field rate (X = 540 g ha-1) 0.75X rate (405 g ha-1)
% survival



Selection for glyphosate insensitivity

405g ai ha-1 540g ai ha-1 675g ai ha-1
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Glyphosate dose (g a.i. ha-1)

The least sensitive populations have the 

longest and most intensive history of control 

with glyphosate = epidemiological evidence 

for creeping resistance.





Variable sensitivity to a new pre-emergence herbicide



2014 2018



UK herbicide use statistics (1992 – 2022)

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 fitness 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.





Reducing reliance on pesticides

• Conventional crop protection

• Integrated pest management (IPM)

• Agroecological crop protection

• Integrated crop management (ICM)

• Smart crop protection

• Precision IPM

• Regenerative agriculture

• Pesticide-free



One Crop Health for Next 

Generation Crop Protection

A six-year (2024–2030, €8 million) challenge grant 

from the Novo Nordisk Foundation



Professor Paul Neve

(Plant ecology and 

evolution)

Professor Jonathan Storkey

(Agroecology)

Professor Per Kudsk

(Crop Protection)

The interaction between plants, soil, animals, 

climate and people. We develop sustainable 

solutions based on agroecological principles.

Professor Sune Darkner

(image analysis, digital 

twin technology)

DIKU contributes to Agriculture of Data – a 

€332 million Horizon Europe Partnership 

PLEN focuses on 

plants, microbes 

and the 

environment as a 

basis for the 

sustainable 

production of food 

and biological 

products.



One Health

One Health is an integrated, unifying approach that aims to 

sustainably balance and optimize the health of people, 

animals and ecosystems.

It recognizes that the health of humans, domestic and wild 

animals, plants and the wider environment (including 

ecosystems) are closely linked and interdependent.



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 / diagnostics
• Gene therapy / gene-editing / new genetic technologies
• Gut microbiome / plant-soil microbiome
• Evidence-based approaches & epidemiology
• Sensors / wearables / big data and AI



Science breakthroughs for agri-food, 2030

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.

Scientific advances in agroecology, 

sensors, data sciences & biotechnology 

will transform agri-food systems.



One Crop Health: integration beyond IPM

Crop rotation

Diagnostics

Regenerative agric.

Sensors

Crop diversity

Soil health

Biocontrol

Cameras

Satellites

AI / data science

Gene-editing

Precision agric.

Decision-support

Robotics

Prevention

Detection

Control

Peptides

RNAi

Biopesticides

Pesticides
Bio-stimulants

Lasers

Agroecological
(Diversity)

Digital
(High-tech)

Bio-(technological)
(Resilience)

• Integrating plant heath, 

soil health & 

agroecosystem health.

• Integrating 

agroecological, digital, 

biological and 

biotechnological tools.

• Integrating biology & 

management 

pathogens, pests & 

weeds.

• Integrating prevention, 

detection & control.



One Crop Health as an agro-eco-tech innovation



One Crop 
Health
Data 
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Pests, pathogens, weeds
Beneficial insects, microbiota

Agronomic data
Historic & contemporary
Field management

Environmental data
Soil type, climate
Weather, landscape context

Surveys, sensors, 
sampling, citizens, 

sharing.

Pioneer farms
Testing technology 

& systems

WP1

WP1

• National farm 

monitoring networks

• Large-scale, long-

term field 

experiments

• Crop health systems 

models

• An international 

cohort of PhD 

students

One Crop Health



WP1: farm networks

50 farms, 2 fields per farm (DK and UK)

Focus on cereal – oilseed systems

Monitor field-level presence, abundance, 

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.

• Optimise and integrate novel technologies for field 

to landscape monitoring and surveillance of PWD.
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One Crop Health



WP2: Long-term field experiments

Li et al., Agronomy for Sustainable Development, 2023



WP2: farm networks

Dynamic design (5 systems), 4-

year & 8-year crop rotations

1. Business-as-usual

2. Agroecological

3. Smart (digital)

4. Biological

5. One Crop Health

Reduce reliance on pesticides via 

integration of  agroecological, 

biological & digital tools/approaches.
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Purcell & Neubauer, 2022

WP3: Crop health systems models
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12 Hypothesis-driven PhD 
projects

Developing new science and 
innovation for prevention, 

detection & control of pests
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One Crop Health



• 12 PhD projects funded

• 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

WP4: International PhD cohort



Opportunities (pbneve@plen.ku.dk)

• 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.

Deadline: 29 April 2025

Start date: 1 September 2025

The One Crop Health project (DK, UK) is looking to collaborate in upcoming 

Horizon calls in plant health and IPM!! 



Bedankt
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