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Importance of biogenic volatile 
organic compounds (bVOCs)
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Multiple drivers and sources of plant volatile 
emissions

Niederbacher et al. (2015) EXB

Constitutive VOCs Induced VOCs

Stress/ Interactions

Abiotic Biotic

Heat, temperature, 
light, water etc.

Pathogens, 
herbivores, pollinators

Storage 
pools De-novo synthesis

Environmental factors 
(light, temperature, CO2, 

nutritions)

Terpenes, LOX products, alcohols, 
phenolic compounds 

Monoterpenes, 
sesquiterpenes

Isoprene, 
monoterpenes Air pollution



VOCs in air chemistry
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Loreto et al. (2007) Plant Biology

Vegetation – Atmosphere Interactions
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VOCs and their multiple roles in air chemistry
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Atmospheric VOC oxidation mechanisms under 
pristine and urban conditions

From Rivera-Rio et al. (2014) GRL

MVK ISOPOOH

MVK is bioactive/toxic inducing stress 
responses upon plant deposition  



Kiendler-Scharr et al. (2012) ACP

50 ppbv O3; rH 65%, NOx-free, plus UV-light

Particle 
size

Plant chamber Reaction chamber

Emissions

approx. 50 % of VOCs converted to SOA

SOA formation from stress-induced poplar VOCs
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Wildtype poplars
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Isoprene’s impact on nucleation rates (J7nm) of bVOC 
(MTs, SQTs, BZs) educts oxidized by OH. and O3



From McFrederick et al. (2008) Atmos Environ

Oxidation of terpenes reduces it’s atmospheric dispersal



ROS quenching, 
antioxidants,
protection against high 
temperatures, signals
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damage

Antibacterial & antiungal 
activitiy
Quencing of ozone

LEAF SURFACE LEVEL
Protect against biotic 
organisms + harmful 
gases

Attract predators
Attract parasitoids
Deter oviposing herbivores
Alarm other plants   

ECOSYSTEM
Communication with 
other trophic level

FUNCTIONAL LEVEL PROCESSES

Direct 
defense

Indirect 
defens
e

How does degradation of VOCs influence their 
biologcal functions?



VOCs as markers of 
environmental stress



BVOC screening of broad leafed urban tree in 
Beijing, China

VOCs as markers for environmental (urban) 
stress in a megacity

Ghirardo et al. (2016) ACP

August 2011

Urban boundary of Beijing



Field campaign in 2011

Emission profiles indicative 
for urban stress

Benzoic acid 
derivatives (BZs)

Sesquitperpenes (SQTs)

Green leaf volatiles (GLVs)

Ghirardo et al. (2016) ACP



Loreto & Schnitzler (2010) Trends in Plant Science

Inherent problems in evaluating stress-
induced VOC emissions



Stress-induced VOCs dominate in many species

In average c. 75% 
stress-induced VOCs 
(BZs, GLVs, SQTs)

Ghirardo et al. (2016) ACP



Stress-induced VOCs are species-specific

Justification for VOC phenotyping

Ghirardo et al. (2016) ACP
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Oxidation of stress-induced 
VOCs enforces ozone and 
aerosol formation

Positive feedback loop of stress-induced bVOCs on 
photosmog



Bioenergy plantations and 
impact on tropospheric ozone 

formation



Ozone production sensitivity to biogenic VOCs

LN / Q ratio: 
<0.5: O3 production is sensitive to NOx

>0.5, O3 production is sensitive to VOCs

LN: Loss of radicals from reactions with NO/NO2
Q: sum of radical sinks 

From Wiedinmyer et al. (2006) Earth Interactions 10, 1-19

Map of LN/Q for the month of July 

southeast Asia



Koh L P et al. PNAS (2011) 108:5127-5132

Malaysia

Sumatra

Borneo

Distribution of oil palm plantations in southeast Asia



Hewitt C N et al. PNAS (2009) 106:18447-18451

Isoprene and NOx emissions 
enforce ozone formation

Ozone formation related to oil palm VOC emissions

http://www.plantationsinternational.com/wp-
content/uploads/2015/11/palm-oil-6.jpg

Modelling 

Flight measurements



Suggestion: SRC plantations in eastern Europe

Does isoprene impacts human mortality by increase of ozone…..?



Future research questions

On the plant level:
•Understanding the feedback loops of VOC fluxes between vegetation 
and atmosphere
•Elucidating plant surface VOC-ozone interactions
•Characterising oVOC deposition/detoxification mechanisms

On the vegetation level:
•Understanding the impact of ozone on VOC-based communication 
(natural and agricultural systems)

On the landscape level:
•Quantifying the impact of bioenergy plantations (i.e. oil palm, 
eucalypts, poplar) on ozone formation potentials in urban/subrban 
areas and the tropics


