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How should we target emission reductions 

to reduce impacts to crops

NOx vs CH4?
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Emission reduction (NOx vs CH4) will alter O3 profiles (peaks vs background) 
and damage estimated using O3 metrics , particularly those with thresholds 

(e.g. AOT40, PODy)

AOT40

~POD6

ôLocationõ of threshold in relation to background and peaks determines damage. 

Focus on NOx or CH4 will alter ratio of background to peak [O3] 

Effect on vegetation damage then very reliant on metric threshold 

NOx reduce peaks

CH4 reduce background
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What determines detoxification? 

Definitions

Stomatal O3 uptake / flux ðTemporally dynamic measure of the rate of entry of the pollutant into the 

leaf [ nmol/m 2/s]

Effective O 3 uptake / flux ðThe balance between stomatal flux and intra -leaf detoxification as not all 

of the stomatal flux is associated with vegetation injury or damage [ nmol/m 2/s]

Dose / POD0ðThe total stomatal ozone flux over time (e.g. a growing season) [ nmol/m 2]

Effective dose / PODy- The total ôeffectiveõ stomatal ozone flux over time (e.g. a growing season) 

[nmol/m 2]

Musselmanet al., 2005 

Ψhо ŘŜǘƻȄƛŦƛŎŀǘƛƻƴ ǾŀǊƛŜǎ ǿƛǘƘ ǇƘƻǘƻǎȅƴǘƘŜǎƛǎ ǿƘƛŎƘ ŦǳŜƭǎ ǘƘŜ ƳŜǘŀōƻƭƛŎ 
synthesis of anti-ƻȄƛŘŀƴǘǎΩ

Ψhо ŘŜǘƻȄƛŦƛŎŀǘƛƻƴ ƛǎ determined by apoplasticascorbate which can be modelled as a 
function of gsto, mesophyll cell wall thickness, chloroplast volume, ǇIΩ

Plochlet al., 2000 
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Å Does detoxification potential vary between species and cultivars (and geographically)?

Å Does detoxification potential vary over time (diurnally, seasonally)?

Å Does detoxification still come at some cost (e.g. respiration cost) to the plant?

Å How can we best incorporate detoxification potentials in O3 metrics for risk 

assessment to inform emission reduction policy?

Å Can we model detoxification?

Questions

How do we currently deal with detoxification in the flux based metric (PODy)?

Exposure Response Relationships assume a 

constant threshold ôyõ over the growing season

e.g. for wheat grain yield response 

y = 6 nmol /m 2/s

POD6SPEC (mmolm-2)
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#1 Detoxification ςSpecies/cultivar variation

Crops Global region th5 ΨȅΩ 
threshold
(nmol O3

/ m2/s)

Potential 
maximum 
rate of 
reduction

Response 
variable

Potential 
effect of CL
(% 
reduction)

CL
(mmol / 
m2)

Reference

Wheat Boreal temperate& 
Mediterranean 
Europe

6 3.85 Grain 
yield

5% 1.3 CLRTAP 
2017

Sub-tropical China 12 0.082 Grain 
yield

- -

Rice Japan 10 0.487 Grain 
yield

- -

Potato Boreal temperate& 
Mediterranean 
Europe

6 1.34 Grain 
yield

5% CLRTAP 
2017

Tomato Boreal temperate& 
Mediterranean 
Europe

6 2.53 Fruit yield 5% CLRTAP 
2017
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#2 Detoxification - Diurnal

Detoxification capacity a f of: photosynthesis; apoplastic ascorbate, gsto, mesophyll cell wall 

thickness, chloroplast volume, pH

Musselmanet al., 2005 
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#3 Detoxification - Seasonal

Wu et al., 2016 
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Emission reduction (NOx vs CH4) will alter O3 profiles (peaks vs background) 
and damage estimated using O3 metrics , particularly those with thresholds 

(e.g. AOT40, PODy)

AOT40

~POD6

~POD12

Ψ[ƻŎŀǘƛƻƴΩ ƻŦ ǘƘǊŜǎƘƻƭŘ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ōŀŎƪƎǊƻǳƴŘ ŀƴŘ ǇŜŀƪǎ ŘŜǘŜǊƳƛƴŜǎ ŘŀƳŀƎŜΦ 
Focus on NOx or CH4 will alter ratio of background to peak [O3] 

Effect on vegetation damage then very reliant on metric threshold 
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Can we improve our estimates of detoxification?

aƻǊŜ ŜƳǇƛǊƛŎŀƭ ŘŀǘŀΧΦΦ

Development in modelling : -

Å ERR based risk assessment modelling

Å Dynamic process based modelling 

SUSCAP project

AgMIPO3 activity



ERA-Net SUSCAP Project
Understanding adaptation to protect against air pollution 

and climate change impacts on crop RUE

Lisa Emberson (UK Lead) +

Norway, Germany, Romania, Italy 

and Spain. 
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Aims
Å To develop a new generation of process-based crop models capable of assessing air 

pollution and climate change stress on key crop resource use efficiencies (RUE, WUE, 
NUE)

Å Identify promising crop traits and crop management practices that provide adaptation 
to these stresses

Å Co-design potential adaptation solutionsand interventions with farming 
representatives across Europe

Å Connect stakeholders: farmers, crop breeders, academics and agricultural-, climate 
change- and air pollution-policy makers.

ERA-Net SUSCAP Project 

Partners
University of York, UK; CICERO, Norway; JRC, EU; UoBonn, Germany; CREA, Italy; 
AFAHC & NMA, Romania; CIEMAT, Spain

June 2019 to May 2022



Project partners


