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Monitoring Soybeans and Ozone Relationship with TROPOMI Solar-Induced Fluorescence

We have a broad understanding of O3-plant interactions.

Plants resist O3 stress
Close stomates/pores

limits O3 from entering [2]

O3 stresses plants
60 to 80% decrease in crop yield by 2100
$8 trillion global economic loss [1]

Gross Primary 
Production (GPP)MODIS

Total amount of CO₂ 
captured by plants during 

photosynthesis (productivity)

Normalized difference 
vegetation index (NDVI)MODIS

Greenness of vegetation 
based on reflected sunlight.

Solar-induced fluorescence 
(SIF)ESA-TROPOSIF

Glow of plants as they absorb 
sunlight during 

photosynthesis (efficiency).

Estimated stomatal 

conductance (𝐆𝐬 ≈
GPP

VPD
) 

based on GPP and vapor 
pressure deficit (VPD)GRIDMET

Plants open stomata when 
photosynthizing (↑GPP) 
and close them when the 

air is dry (↑VPD) [5]

Accumulated ozone exposure 
above 40 ppb (AOT40)EPA
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We fumigate plants in a single-plant chamber and measure 
photosynthesis & fluorescence before & after.

CO2 Assimilation

Movement of CO2 
through the stomata 

(+) = CO2 in
(-) = CO2 out

Stomatal Conductance

Movement of CO2 & H2O  
through the stomata 

(↑) = Lower resistance
(↓) = Higher resistance

Chlorophyll Fluorescence

Fv’/Fm’ - Efficiency

(↑) = Less stressed
(↓) = More stressed

4 hours   ~80 ppb    ~60% RH    ~25 °C 

Week 1 Week 2 Week 3 Week 4 Week 5

Pre 1

Post 1

Pre 2

Post 2

Pre 3

Post 3

Pre 4

Post 4

Pre 5

Post 5
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How does this knowledge translate to real soybean fields?

Datasets: MODIS, ESA-TROPOSIF [4], EPA, GRIDMET

Regional-level observations: O3 impact is in early and peak season.

O3 affects productivity, efficiency, and stomatal closure of 
soybeans, while there is still no visible change in canopy greenness.
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Fumigated plants were 
already acclimated in the 

second week, but their 
efficiency didn't increase.

Insights from leaf-level experiments:

Initial O3 exposure 
(in the early growth phase)

has the most impact. 

O3 exposure affects the 
plant’s ability to recover 
between measurements.

Repeated O3 exposure 
has subtle effects on 

productivity/ 
photosynthesis, but it 

slows down plant growth.

Plants without O3 
fumigation never 

acclimated to the chamber 
stress but became more 
efficient as they grew. 
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Strain phase
expression of stress before 
visible damage occurs

Plant stress
state of applied 
force

Damage phase
final state of acute and 
chronic damage visible 

on the leaf surface
If the stressor is removed before the damage phase, the plant 
will regenerate and move to a new physiological standard [3].
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