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The VELVET chamber, utilizing the vegetation enclosure technique, was used to
measure biogenic volatile organic compound (BVOC) emissions from
representative plant leaves in temperate and tropical climates. This study
demonstrates the instrument’s capability, among the various measurements
conducted in other studies using the vegetation enclosure technique, in
qualifying and quantifying volatile organic compound (VOC) emissions from
different tree species. The measurements were performed using Tenax tubes
for sampling and GC/MS analysis. The use of PTR-ToF-MS for temperate species
allows us to perform flux measurements in the chamber of Norway spruce (Picea
abies), European beech (Fagus sylvatica), and common hazel tree (Corylus
avellana) in the Puy de Dôme region (France). We found that all species are
monoterpene emitters (on average 1.52 ± 0.29 ng m−2 s−1) and more particularly
sesquiterpene emitters for C. avellana (7.49 ± 0.70 ng m−2 s−1). In the tropical
region of Réunion Island (France), comprehensive measurements were
conducted across three distinct vegetation types, on 10 of the most
representative species, native and exotic to the island. The study revealed that
emissions from these species were influenced by spatial variability, their
environment, and the type of the forest (cloud forest, and high- and low-
altitude forests). Notably, the research marked a groundbreaking achievement
by capturing emissions from endemic species on the island for the first time. The
collected data will be added to the biogenic emission inventory of the island,
thereby enhancing model simulations by incorporating these new
measurements.
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1 Introduction

Volatile organic compounds (VOCs) are at trace levels in the
atmosphere, but they significantly contribute to the atmospheric
oxidative capacity by the production of secondary pollutants such as
tropospheric ozone or secondary organic aerosols (SOAs)
(Fehsenfeld et al., 1992). VOCs can be emitted by both
anthropogenic and biogenic ways. Global biogenic VOC (BVOC)
emission is approximately 760 Tg (C) yr−1, consisting of isoprene
(70%), monoterpenes (11%), methanol (6%), acetone (3%),
sesquiterpenes (2.5%), and other BVOC species, each
contributing less than 2% (Sindelarova et al., 2014; 2022). More
than 90% of VOCs are emitted from biogenic areas and called
BVOCs (Guenther, 2013), with more than 70% being emitted by
tropical forests (Kesselmeier et al., 2000; Greenberg et al., 2004;
Hanif et al., 2021). These compounds are crucial in the chemical
tropospheric processes and can impact the climate. Indeed, they are
leaders in the secondary components such as SOAs or tropospheric
ozone. Due to their high reactivity, they have a great impact on
hydroxyl radical (OH·) (Poisson et al., 2000), tropospheric ozone
(Pfister et al., 2008), and on the secondary formation of compounds.
This induces a notable impact on the oxidative capacity of the
atmosphere at the regional and worldwide scale (Houweling et al.,
1998; Taraborrelli et al., 2012). Other studies showed that BVOCs
are great producers of SOAs (Fehsenfeld et al., 1992;
Laothawornkitkul et al., 2009; Schneider et al., 2019), regarding
anthropogenic emissions (Tsigaridis and Kanakidou, 2003). BVOCs
show temporal and spatial variations regarding vegetation, plant
species, or environmental factors such as temperature, solar
radiation, or air pollution (Kesselmeier and Staudt, 1999).

Numerous studies (listed in Ortega and Helmig, 2008;
Niinemets et al., 2011 and more recently Zeng et al., 2022) have
been completed on BVOC emissions based on measurements using
different vegetation enclosure systems such as Teflon bags, leaf
cuvette, and glass chamber. These in situ measurements
contribute to implement existing emission databases (Sindelarova
et al., 2022 and references therein, MEGAN; Guenther et al., 2012),
which are used for modeling exercises.

Currently, it is challenging to precisely determine estimates of
BVOC emissions through observations, primarily due to the
significant temporal and geographic fluctuations in their fluxes
and more particularly in tropical regions (Wang et al., 2023).
Then, the global estimation of BVOC emissions stays uncertain.
In temperate forests, such as those in Europe or France, few studies
have been completed since Staudt et al. (2003) and Genard-Zielinski
et al. (2015) determined oak (Quercus ilex and Quercus pubescens)
BVOC emission measurements and Moukhtar et al. (2005), silver fir
(Abies alba) measurements. More details are provided in Gros et al.
(2022) who performed a review on BVOC emissions in the
Mediterranean Basin from the branch to the canopy level. More
recently, Staudt and Visnadi, (2023) showed isoprene and
monoterpene emissions of kermes oak (Quercus coccifera L.) in
the French Mediterranean Basin. The study found that mean
monoterpene (MT) emissions from populations differed
significantly in their composition of structural and chiral isomers,
suggesting that the chemical fingerprint of the air over the oak
populations may vary depending on the prevalence of different
chemotypes. For holm oak (Quercus ilex), it was recognized that

monoterpene emissions are controlled by light-dependent
mechanisms (Tollsten and Müller, 1996; Dindorf et al., 2005), as
well as for the European beech (Fagus sylvatica). Van Meeningen
et al. (2016) and Van Meeningen et al. (2017) showed BVOC
emissions of European beech (F. sylvatica), Norway spruce (Picea
abies), and English oak (Quercus robus) and the dependence of light
to isoprene, α-pinene, 3-carene, eucalyptol, and sabinene emissions,
regarding the species. These compounds showed an increasing
emission response with increasing light intensity. They show that
English oak contributes between 92% and 97% of the total BVOC
emissions, and all tree species emit the compounds α-pinene,
camphene, 3-carene, limonene, and eucalyptol. Sabinene and
limonene for European beeches ranged from 30.5% to 40.5%.
Norway spruce contributes between 25% and 45% of
monoterpene emissions in the forests (Ghirardo et al., 2010).
These studies highlight that BVOC emissions are dependent on
climatic variables such as temperature and light on emission
intensities.

Due to high emissions from tropical forests and their
importance in the climate (Artaxo et al., 2022), it is crucial to
characterize and specify VOCs emitted by the species present in
majority in these forests. Similar to the temperate climate species,
the VOC emissions from tropical species are light- and temperature-
dependent (Zeng et al., 2023). Mu et al. (2022) highlighted that
isoprene is the main compound emitted by tropical forests with
76.1% in Brazil, 73.5% in India, 58.3% in China, and 53.8% in the
Republic of South Africa. Tropical forests are also monoterpene
emitters with fluxes of 1.2 ± 0.1 mg m-2 h−1 measured in the Amazon
Basin (Karl et al., 2007). Yáñez-Serrano et al. (2018) showed a
speciation of the chemical composition between day and night in the
Amazon canopy and reactivity calculation to unravel the role of
monoterpenes in the oxidative atmospheric capacity. The reactivity
calculations revealed that a greater abundance of a monoterpene
species does not necessarily correspond to higher reactivity. This is
because the most abundant compounds may not be the most
chemically relevant in the atmosphere, and the relative
contribution of different monoterpenes may vary over time.
Direct emissions of monoterpenes, sesquiterpenes, and green leaf
volatiles (GLVs) were studied with species from Brazil and their
relationship with ozone stress (Moura et al., 2022), showing that a
link exists between the strategies employed by species to protect
against oxidative stress and the quality and quantity of
emitted BVOCs.

Minimizing uncertainties in estimates of BVOC emissions
necessitates further observations (Guenther, 2013). Conducting
leaf-level enclosure measurements is essential to enhance our
understanding of the processes influencing variations in
emissions. Additionally, tower and aircraft-based flux
measurements above the canopy are required to quantify BVOC
diversity at landscape to regional scales. Furthermore, the recent use
of satellite data aims to provide tendencies and variability of BVOC
emissions in the atmosphere (Bauwens et al., 2022) and can be useful
for flux measurements.

Ortega and Helmig, (2008) presented different approaches and
enclosure types to perform and quantify BVOC emissions. Teflon
bags, leaf cuvettes, or glass chambers are commonly used in the field
due to their cost-effectiveness and ease of transport. We aim, using
the same instrument, to understand the BVOC emissions from
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species located in temperate and tropical climates. To this end, a
vegetation enclosure technique was developed and used at two sites
to characterize the BVOCs from various species. First, the VELVET
(VOC experiments on leaves with the vegetation enclosure
technique) chamber was initially employed in trial experiments
within the Puy de Dôme forest (France) in the aim to proceed to
a technical evaluation of the chamber with the study of the
capabilities of the system to qualify and quantify VOCs. Well-
known and previously studied species were selected, including
Norway spruce (P. abies), European beech (F. sylvatica), and
common hazel tree (Corylus avellana). Measurements were
performed by PTR-ToF-MS and speciated with sorbent tubes.
Then, for the first time, emissions in the tropical forests in
Réunion Island have been untangled by the measurement of
endemic and exotic species in various tropical forests (Plaine des
Fougères, PLF; Maïdo observatory, OPAR-Maïdo, and Mare-
Longue Forest, MLF). It is the first time that VOC emissions
from species from the Réunion Island are estimated. Using this
technique, we conducted measurements under controlled air flow
(zero air) and under natural environmental conditions (natural
sunlight exposure and laboratory temperature, ~20°C).

A better estimation of BVOC emissions could improve the
already established emission registers to make them more
accurate for use in modeling exercises. Furthermore,
understanding the chemical processes involved in the SOA and
cloud formation could help understand the chemical processes and
their role in the oxidative atmospheric capacity. This study offers
initial insights into the potential emissions footprint of diverse
species and serves as a preliminary step for future field
measurements with this enclosure system.

2 Material and methods

2.1 Vegetation enclosure technique and flux
and emission rate calculation: VELVET

The chamber is composed of a 25 × 25 × 30-cm glass tank
(Figure 1), covered by a Teflon plate. The VELVET chamber
performs VOC emission measurements at the branch scale
(including leaves). Branch analysis via the enclosure technique
allows in increasing the biomass and VOC concentration
measured inside the chamber. Leaks were prevented by a Teflon
seal. The chamber is equipped with several outlets to allow
multiple inlets for instrument samplings. During our
measurement, only two inlets were used: one for flushing air
and the other for sampling; the other inlets were sealed by a
Teflon plug. Zero air was continuously pushed into the chamber at
an inlet flow rate of 5 L/min through a 50-cm long PFA tube at
laboratory pressure, with temperature and humidity regulated at
25°C and 50%, respectively. The zero air was generated using a
filter consisting of Purafil for nitrogen monoxide removal; charcoal
scrubber for ozone, nitrogen oxide, and VOC removal; and silica
gel or drierite for water removal.

Blank measurement was taken before each chamber
measurement. Once the spawning was done, selected species were
placed in the chamber. The selected species is a part of a tree
branchlet, visually chosen without damage/marks (virus, sickness,
etc.) or sign of parasites (herbivory, presence of arthropods, etc.) and
placed in water and cut back to avoid embolism and plant stress (Fall
et al., 1999; Helmig et al., 1999). Plants were placed in a cooler for
transport at the laboratory (maximal transport time of 30 min), and
their VOC emissions were directly analyzed. Once a steady state was
reached (~15 min, Ortega and Helmig, 2008), air was sampled on
cartridges filled by the Tenax adsorbent (Tenax TA 60–80 mesh,
250 mg) for 40 min at 100 mL min−1 and/or by PTR-ToF-MS. The
steady state is the time calculated in relation to the chamber
dimensions and the inlet flow rate to achieve a well-mixed VOC
concentration between the fluxed air and the emissions. After
sampling, the branches including leaves were dried at 65°C until
a consistent weight is achieved (~24 h), as suggested in Ortega and
Helmig (2008), and weighted (balance Bioblock Scientific, LB-300,
precision = 0.01 g).

Emission rates (ERs) for each species are calculated with the
following equation Ortega and Helmig (2008):

ER � Cspecies − Cblank( ) × Q

mdry
µg g−1DW h−1[ ], (1)

where Cspecies and Cblank are the VOC concentrations for the species
and blank chamber concentrations (in ng/L), respectively; Q is the
inlet flow rate inside the chamber (=5 L/min), and mdry is the dry
mass of enclosed leaves (gDW). This calculation is used for emission
calculation from the leaves using a blank in the sorbent tube.

For measurement at Puy de Dôme in 2021, we used flux
calculation as

F � CBVOC − Cblank( ) × Q

A
ngm−2 s−1[ ], (2)

where CBVOC and Cblank are concentrations in ng/L during the
measurement of the species and the blank measurement,

FIGURE 1
Side view (A) and bottom view (B) of the VELVET chamber. 1.
Pump (14 L/min), 2. valve, and 3. filter; a) drierite or silica gel, b)
charcoal, c) Purafil; 4. glass chamber, and 5. flowmeter.

Frontiers in Environmental Science frontiersin.org03

Rocco et al. 10.3389/fenvs.2024.1372931

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1372931


respectively; Q is the flow rate inside the chamber (=5 L/min); and A
is the area of the bottom of the chamber in m2.

Supplementary Appendix SA presents the percentages of blank
samples in comparison with the concentration values.

During PTR-ToF-MS measurements, the VELVET chamber has
two outlets used for the VOC measurements: one for online
measurements with a PTR-ToF-MS (PTR-ToF 6000 X2,
IONICON Analytik GmbH, Innsbruck, Austria), inspired by
previous studies like Jordan et al. (2009), which allows a fast
acquisition of a high-resolution mass spectrum and one for a
posteriori analysis with adsorption tubes (Tenax).

2.2 Analysis with GC/MS and PTR-MS

2.2.1 GC/MS parameters
Sorbent tubes (Tenax TA, 250 mg, 60–80 mesh, O.D. x L. 1/4 in.

x 3 1/2 in.) are desorbed using an auto-sampler thermal desorber
(TurboMatrix 650 ATD, PerkinElmer, Waltham, MA) and analyzed
using a gas chromatography and mass spectrometry instrument
(Clarus 600, PerkinElmer, Waltham, MA). The ATD system
performed desorption of tubes at 40 mL/min for 15 min at 270°C,
followed by a thermal flash from −30°C to 270°C, maintaining the
temperature at 270°C for 5 min without split. Two reference
solutions are used for monoterpene measurements from the
cannabis terpene kit standard (100 μg/mL in methanol provided
by SPEX CertiPrep, Rickmansworth, United Kingdom). Forty-one
compounds (monoterpenes and sesquiterpenes mixed) are present
in the kit. Furthermore, a gas standard composed of isoprene,
toluene, benzene, and xylenes is analyzed from the National
Physical Laboratory (NPL) standard bottle. The standard
concentration limit of detection (LOD) values can be visualized
in Supplementary Table S1 and is calculated, as indicated in the
supplementary. The analysis method includes the following steps:
the column temperature wasmaintained at 35°C for 5°min, increased
at 5°C/min to 160°C, and then increased at 45°C/min to 270°C, where
it was maintained for 5 min. Approximately 30 compounds were
identified for these measurements and are listed in Supplementary
Table S1. Uncertainties of concentrations (in pptv) for a species i
were calculated using the following equation:

u2(concentrationi) / concentrationi( )2
� u2 volumei( ) / volume2i + u2 standardi( ) / standard2i

+ u2 Ai sampled( ) /A2
i sampled,

where u2 (volumei)/volumei
2: total absolute uncertainty on the

sampled volume in the Tenqx tube; u2 (standardi)/standardi
2:

total absolute uncertainty on the standards; u2 (Ai sampled)/Ai

sampled
2: total absolute uncertainty on the area measurement.

Detailed calculation is provided in the Supplementary Material.

2.2.2 PTR-ToF-MS parameters
The PTR-MS technique has been used and optimized for VOC

measurements for over two decades and described elsewhere
(Lindinger and Jordan, 1998; Sekimoto et al., 2017; Yuan et al.,
2017). PTR-ToF-MS (IONICON X6000) was operated in the H3O

+

mode at 1 Hz with an electric field strength (E/N) of 101.36 ±
0.11 Td (1 Townsend = 10–17 V cm−2 mol−1). To obtain these

standard drift tube conditions, the drift tube pressure was
maintained at 2.590 ± 0.001 mbar and at a temperature of
119.96°C ± 0.24°C with a drift voltage E of 450.86 V. The
extraction time rate of the ions inside the ToF part was fixed at
5.0 µs and the maximum time of flight at 32.0 µs, which allows the
measurement of the mass spectrum between m/z 2 and m/z 475.
During the experiment, we focused on compounds known to be
emitted by plants and, in particular, the ones identified as pathways
and catabolite markers (Fitzky et al., 2021). The list of
21 compounds and their respective sensitivities (ncps/ppbv) are
listed below in Table 1. The background signal of the instrument was
determined before and after each experiment with zero air provided
by a HPZAG catalyst device and subtracted to the ambient signal for
quantification.

As mentioned above, a gas standard from the National Physical
Laboratory (NPL; 4 ppb ±5%, Supplementary Table S1) was used to
determine the experimental sensitivities of the instrument. The gas
standard was diluted using a liquid standard unit (LCU) with the
HPZAG catalyst device mentioned earlier to perform a multiple
point calibration with concentrations between 0.5 and 12 ppb; R2 >
0.99 were determined. However, all the sensitivities cannot be
obtained for all the target compounds. Indeed, due to the large
number of VOCs that are identified and measured, there are no
gaseous standards covering all the VOC spectra. Thus, alternative
methods were used for the other VOCs. The one used in this study is
based on the work of Sekimoto et al. (2017). A linear relationship
between the experimental sensitivities from the gas standard and the
ion molecule reaction rate constant (k-rate) of the compounds is
obtained (slope of 7.85 with a confidence interval of 95%). For a large
number of compounds, the k-rate constant is reported in the
literature (Zhao and Zhang, 2004; Cappellin et al., 2012). For
other compounds detected with the unknown k-rate, a value of
2 was chosen as a default value. The LOD was also determined for
the standard gaseous compounds, following de Gouw and Warneke
(2007), based on the ion per second of the background signal and the
unnormalized sensitivity. LOD lies from 24 ppt (m/z 133.026) to
670 ppt (m/z 371.102). The range of uncertainties is 11%–16%
except for m/z 47.049 (26%). The QA/QC of PTR-MS follows
the Aerosol Cloud and Trace Gases Research Infrastructure
(ACTRIS) recommendations (WP3, NA3, deliverable 3.20).

The software ioniTOF of IONICON was used for data
acquisition and for controlling the different instrumental
parameters during the experiment. Different steps are used for
data processing. First, we controlled the quality of the peak
integration and any drift in the “timebin-masses”
relationship. Then, the PTR-MS viewer (IONICON v. 3.4) was
used. Finally, the data were quantified using Igor Pro v
6.37 and RStudio.

2.3 Sampling site description and
measurement periods

2.3.1 Temperate climate species
The Puy de Dôme station (PUY, 45.77°N, 2.96°E, 1,465 m a.s.l.)

is a high-altitude station of the instrumented site CO-PDD
(Cézeaux-Aulnat Opme Puy de Dôme, Baray et al., 2020).
Regular measurements of atmospheric composition are
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TABLE 1 Compounds measured via PTR-ToF-MS and their sensitivities in ncps/ppbv.

m/z ratio Chemical formula Assigned compound Sensitivity (ncps/ppbv)

33.03 (CH4O)H+ Methanol 17.97B

45.03 (C2H4O)H+ Acetaldehyde 25.43B

47.05 (C2H6O)H+ Ethanol 18.05E

59.05 (C3H6O)H+ Acetone 27.00B

61.03 (C2H4O2)H+ Acetic acid 18.528

69.07 (C5H8)H+ Isoprene 12.15A

71.05 (C4H6O)H+ MVK/MACR 27.55B

73.07 (C4H8O)H+ MEK 26.61B

79.05 (C6H6)H+ Benzene 22.19.A

85.10 (C6H12)H+ Hexene 15.70c

87.08 (C5H10O)H+ MBO 20.33B

93.07 (C7H8)H+ Toluene 20.35A

99.08 (C6H10O)H+ Hexenals 15.70C

101.10 (C6H12O)H+ Hexanal 15.70C

107.05 (C7H6O)H+ Benzaldehyde 31.16B

137.13 (C10H16)H+ Monoterpenes 9.35A

143.10 (C8H14O2)H+ Hexenyl acetate 15.70C

145.12 (C8H16O2)H+ Hexyl acetate 15.70C

153.06 (C8H8O3)H+ Methyl salicylate 15.70C

165.09 (C10H12O2)H+ Eugenol 15.70C

205.20 (C15H24)H+ Sesquiterpenes 23.70B

A: Experimental sensitivities calculated with a NPL gas standard at different dilution rates and a liquid standard unit (LCU) calibration.

B: Sensitivities based on the parametrization from Sekimoto et al. (2017).

C: Sensitivities calculated with a standard k-rate of 2.

MBO, 2-methyl-3-buten-2-ol; MVK, methyl vinyl ketone; MACR, methacrolein; MEK, methyl ethyl ketone.

FIGURE 2
Map of the Puy de Dôme region and localization of the PUY station and the two sampling sites (1 and 2).
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performed there in the long term for the study andmonitoring of the
climate and atmospheric composition in the framework of the
Global Atmosphere Watch (GAW) network and of the European
Research Infrastructure ACTRIS, respectively.

Samples were collected in the forest downstream of the Puy de
Dôme station (PUY) during summer (July 2020 and 2021) into the
forest (Figure 2). The first sampling was performed at point 1 near
the Col de Ceyssat, and the second sampling (2 on the map) was
performed near the PUY train station.

Measurements in the vegetation enclosure system were
performed on three species of trees: European beech tree (F.
sylvatica L., n = 1), common hazel tree (C. avellana L., n = 1),
and Norway spruce (P. abies L., n = 1) branches. These species are
important components of Puy de Dôme inventory, 2010 vegetation
with a frequency of 58%, 75%, and 27%, respectively (Inventaire-
forestier-national, 2010); their emissions have been previously
investigated in other research endeavors (see Section 3). These
species are, therefore, good candidates to evaluate the capacities
of VELVET in qualifying and quantifying BVOC emissions and to
compare to the literature. The temperature inside the laboratory
room was fixed at ~20°C ± 1°C.

2.3.2 Tropical species in La Réunion Island,
VELVET-RUN project

Reunion Island is constituted of almost 40% of tropical forest
(managed by the Office National des Forêts, ONF) and has an
original flora comprising 835 native vascular plant species, of
which 28.0% are strictly endemic to the island and 18.6% are
regional endemics (Ah-Peng et al., 2010; Boullet and Picot, 2012).
Reunion Island is often considered an open-air laboratory for the
atmospheric studies (FARCE, BIO-MAIDO campaign, for
example) and favorable for multi-disciplinary projects
(ocean–vegetation–atmosphere interactions–geosphere) on the
critical zone. During the OCTAVE in 2018 (BR/175/A2/
OCTAVE) and BIO-MAIDO in 2019 (ANR-18-CE01-0013)
campaigns, first studies of atmospheric composition have been
performed in different places on the island: Mare-Longue and
Bélouve forests, at the Observatoire de Physique de l’Atmosphère
or OPAR-Maïdo (Duflot et al., 2019; Rocco et al., 2020; Rocco
et al., 2022; Verreyken et al., 2021). First ambient measures of
BVOC were performed during the FARCE campaign in 2015
(Duflot et al., 2019). Measurements and sampling were carried
out at the Maïdo observatory, in the native Acacia heterophylla
(Lam.) Willd. forest, Cryptomeria japonica (L.f.) D. Don planted
forest and primary cloud forest (Bélouve forest), and lowland
Mare-Longue Forest on a 10-m mast by sampling with adsorbent
cartridges. This study showed high ambient concentrations of
emitted isoprene in the Mare-Longue, Bélouve, and A.
heterophylla forests (>50 pptv). In 2019, the BIO-MAÏDO
campaign enabled transects to be carried out in order to
understand the distribution of VOCs on the slopes of OPAR-
Maïdo, which presents a diversified subalpine vegetation
(Strasberg et al., 2005). These measurements made it possible
to acquire an ambient VOC profile for the whole island. However,
these studies did not take into account the VOC directly emitted
by the plants in each site. In other words, this does not allow the
assessment of the specific chemical signature (i.e., speciation of
VOCs at emission) for each plant species present on site.

In the continuity of these measurements, with the VELVET-
RUN project, we performed the measurement of BVOC emissions
from dominant species (endemic and exotic) in the forests of La
Réunion in order to characterize their chemical signature and utilize
them in emission registries, thereby enabling a better modeling of
VOC emissions in the atmosphere. For this purpose, we performed
measurements with the VELVET chamber on native and exotic
species (Table 2).

At the first stage, we performed the characterization of the
signature of plant species for three different habitats (Figure 3) in the
lowland forest (Mare-Longue Forest, MLF), cloud forest (Plaine des
Fougères, PLF), and subalpine vegetation at the OPAR-Maïdo site in
May 2022 (Table 2). Then, we characterized the endemic species of
Reunion Island within a single plot in the lowland forest through
intra-species comparisons (n = 3 replicates) to validate emission
measurements for Labourdonnaisia calophylloides Bojer and
Syzygium cymosum Lam. DC.

During chamber measurements, the temperature and humidity
(MadgeTech sensors, Warner, United States) varied from 24.3°C to
26.4°C and 66%–86% in the chamber in MLF, 22.1°C–23.4°C and
56%–89% in the chamber in PLF, and 20.8°C to 22.9°C and 63%–
83% in the chamber at OPAR-Maïdo.

3 Results and discussion

3.1 Trial experiments on leaf emissions from
temperate climate species (Puy de Dôme)

3.1.1 On-line emissions
Figure 4 shows the evolution of the concentrationmeasured with

the PTR MS and cartridge sampling for all the species. The average
concentration during blank and TENAX tube sampling is presented
in Supplementary Table S3. There are three kinds of evolution in the
concentration: stabilized, growing, and decreasing concentrations.
During measurement, we show that isoprene and monoterpene
concentrations are decreasing, indicating that there are no high
emissions from plants of these species. During the measurement in
the chamber, the isoprene concentrations are stable after 10 min for
P. abies and F. sylvatica. The monoterpene concentration decreases
with time except for P. abieswhere a peak is observed at 10 min. This
species is not considered monoterpene emitters.

High isoprene concentrations have been recorded for all species
with an average 301 ± 36 pptv (Figure 5). Furthermore, high
concentrations of MACR + MCK (up to 422 ± 37 pptv) have
been measured, showing that oxidation processes occur from
isoprene in the chamber. These concentrations could result from
the high oxidation of isoprene in the chamber by the OH radical.
Higher concentrations of sesquiterpenes are shown for C. avellana
(211 ± 24 pptv). High total BVOC concentrations have been
measured for the species C. avellana with concentrations up to
400 pptv, 42 pptv, and 100 pptv for isoprene, MACK + MVK, and
monoterpenes, respectively. The high proportion of acetaldehyde
and methanol (52% and 33%) has been measured for C. avellana
(Supplementary Figure S1). The species with a large panel of VOC is
F. sylvatica, for which high proportions of methanol and butyl have
been recorded (20% and 50%, respectively). Similar to F. sylvatica, P.
abies shows great proportions of butyl (74%). Butyl is a GLV and a
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TABLE 2 List of species sampled and their location during the VELVET-RUN project. n = number of replicates.

OPAR-Maïdo Plaine des Fougères (PLF) Mare-Longue
forest (MLF)

Endemic Erica reunionensis E. reunionensis Syzygium cymosum

“Branle vert” “Branle vert” “Bois de pomme”

(21°4′36.149″S, 55°22′56.28″ E) (20°59′0.643″S, 55°30′50.22″ E) (21°21′17.363″S,
55°44′31.25″ E)

(n = 1) (n = 1) (n = 3)

Acacia heterophylla Highland tamarind A. heterophylla Labourdonnaisia
calophylloides

(21°3′26.366″ S, 55°22′5.019″ E) Highland tamarind “Ti natte”

(n = 1) (20°59′0.643″ S, 55°30′50.22″ E) (21°21′17.363″S,
55°44′31.25″ E)

(n = 1) (n = 3)

Exotic Ulex europaeus Common gorse (21°4′36.149″ S,
55°22′56.28″ E) (n = 1)

Boehmeria penduliflora “Bois de Chapelet” (20°59′0.643″S, 55°30′50.22″ E) (n =
1) Psidium cattleyanum (Cattley guava) (20°59′0.643″ S, 55°30′50.22″ E) (n = 1)

B. penduliflora

“Bois de chapelet”

(21°21′17.363″S,
55°44′31.25″ E)

(n = 1)

P. cattleyanum

Cattley guava

(21°21′17.363″S,
55°44′31.25″ E)

(n = 1)

Syzygium jambos

Rose apple

(21°21′17.363″S,
55°44′31.25″ E)

(n = 1)

FIGURE 3
Reunion Island map with the different forest sites.
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signature of drought and herbivory stress emissions (Copolovici
et al., 2014). Additional GLVs are detected in our measurements,
including hexanal and methyl salicylate, but they are present in low
concentrations (<2%, see Supplementary Figure S1). This implies
that the emission of butyl compounds is likely originated from a
different pathway.

Similar proportions are visualized between P. abies and F.
sylvatica, except for concentrations that are less important for P.
abies than F. sylvatica and acetone proportion higher than F.

sylvatica. This result is in concordance with the VOC emission
rates (%) of Fitzky et al. (2021) for F. sylvatica with a methanol
emission of of 0.061 ± 0.111 nmol m−2 s−1 (or 2.02 ± 0.33 ng m−2

s−1). Fluxes of monoterpenes in Fitzky et al. (2021) have been
estimated to be 0.390 ± 0.359 nmol m−2 s−1 (or 53.04 ±
48.82 ng m−2 s−1). Fitzky et al. (2023) showed emissions from F.
sylvatica within control and stress conditions. They find fluxes of
0.42 ± 0.27 ng m−2 s−1, 0.07 ± 0.07 ng m−2 s−1, 62.12 ± 50.61 ng m−2

s−1, and 2.46 ± 2.26 ng m−2 s−1 for isoprene, MACR + MVK,
monoterpenes, and sesquiterpenes, respectively. Fluxes from
PTR-ToF-MS were calculated as Eq. 2 and shown in Table 3.
Our fluxes of F. sylvatica are in line with this study for isoprene and
sesquiterpene concentrations (0.62 ± 0.07 ng m−2 s−1 and 0.28 ±
0.06 ng m−2 s−1). Our estimation of monoterpene fluxes is less
significant with a flux of 1.65 ± 0.31 ng m−2 s−1. Furthermore,

FIGURE 4
Time series of the concentration of principal BVOCs (isoprene
(dark green), MACR + MVK (blue), monoterpenes (black), and
sesquiterpenes (red) from PTR-ToF-MS measurements for the three
species (A) Picea abies, (B) Corylus avellana, and (C) Fagus
sylvatica. The time series is divided by the type of measure realized
during the sampling: blue represents the blank chamber, green
represents the species put in the chamber, and red represents the
measure of the cartridge.

FIGURE 5
Concentration (pptv) during blankmeasurements in the chamber
(hatched bars) and during the cartridge sampling of isoprene
(m69.070), MACR + MVK (m71.049), monoterpenes (m137.132), and
sesquiterpenes (m205.195) measured by the PTR-ToF-MS.

TABLE 3 Fluxes derived from the PTR-ToF-MS measurements for the
species at Puy de Dôme. n = number of replicates.

Species Compound Flux ± std (ng m-2 s-1)

C. avellana (n = 1) Isoprene 1.01 ± 0.30

MACR + MVK 0.26 ± 0.01

Monoterpenes 1.42 ± 0.26

Sesquiterpenes 7.49 ± 0.70

F. sylvatica (n = 1) Isoprene 0.62 ± 0.07

MACR + MVK 0.91 ± 0.04

Monoterpenes 1.65 ± 0.31

Sesquiterpenes 0.28 ± 0.06

P. abies (n = 1) Isoprene 2.42 ± 0.19

MACR + MVK 4.58 ± 0.26

Monoterpenes 1.49 ± 0.30

Sesquiterpenes 0.07 ± 0
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higher fluxes have been estimated for MACR + MVK compounds
in our study (0.91 ± 0.042 ng m−2 s−1).

Our estimation fluxes for P. abies are higher for isoprene flux
than the estimation from bark fluxes (Jaakkola et al., 2023).
However, they estimate fluxes eight times higher for
monoterpene fluxes and ~3 times for sesquiterpene fluxes (8.06 ±
14.17 ng m−2 s−1 and 0.58 ± 0.89 ng m−2 s−1, respectively). The flux of
monoterpenes under stress conditions during infested periods
increases by 6,500%–22,400%. Spruce fluxes are important due to
their contribution to the SOA formation in the atmosphere (Furnell
et al., 2023).

Processes of emissions at the leave or at the bark are different
and imply that the emissions are not similar. Furthermore, the
measurement conditions are not similar and are individual
tree-dependent.

Although our measurements are in line and complement those
previously conducted in other studies, they require additional
replicates. Moreover, additional measurements without inducing
additional stress (such as cut branches) are necessary.

3.1.2 Speciation of BVOC measured by GC/MS
In this section, we will look at the speciation of the VOC

according to the tree species studied and their ER. First, Figure 6
shows the distribution of VOCs according to the three species
measured in the chamber in 2020. Two rather identical profiles can
be seen: P. abies and C. avellana. These two species have a higher
proportion of limonene, α-pinene, and camphene. Beech tree (F.
sylvatica) has a very different profile. A majority of sabinene and
isoprene are measured for this species (920 ± 377 pptv and 115 ±
47 pptv, respectively). These profiles are different from what was
measured in the forest environment where the dominant
compound was isoprene (Supplementary Figure S2). Some
external parameters, such as solar radiation, are not well-

reproduced in the chamber as we use normal light inside the
laboratory during the experiments (PAR = ~50 μmol m−2 s−1). This
could explain the difference in the proportion between the
measurements in the chamber and real conditions. In these
cases, the isoprene and monoterpene concentrations are
underestimated compared to its real emissions by a ratio of ~20
(Zeng et al., 2023).

Discrepancies in the concentrations of isoprene, total of
monoterpenes, and the sum of sesquiterpenes between the
2020 and 2021 measurements are illustrated in Supplementary
Figure S3. We can see a range of 74% to 15,000% for isoprene,
sum of monoterpenes, and sesquiterpenes. These variations are
associated with distinct environmental conditions during the
measurements.

Second, Table 4 shows the ER for isoprene and the sum of
monoterpenes. The ER for the second series of measurements was
calculated only for isoprene, sum of monoterpenes, and sum of
sesquiterpenes as we did not perform a sorbent tube blank for
individual monoterpenes (Supplementary Appendix SA). All ERs
are summarized in Supplementary Table S4. According to our
measurements, a higher ER is observed for the sum of terpenes.
Isoprene is not the most emitted compound in the chamber. Many
terpenes were measured in the speciation principle of BVOCs
emitted by the selected species.

We would like to remind that the ER calculation results from
concentrations measured in the chamber during blank and species
measurements. Then, ERs are dependent on the species and can vary
significantly and may be attributed, as suggested by previous studies
(Niinemets et al., 2010; van Meeningen et al., 2017, and references
therein), to differences in the species’ environment, acclimation, or
both local climate and genetic diversity that can impact observed
emission patterns. This can explain the differences encountered
between our measurements and the literature values.

FIGURE 6
Relative VOC concentration for European beech tree (Fagus sylvatica), spruce tree (P. abies), and common hazel tree (C. avellana), in Puy de Dôme.

Frontiers in Environmental Science frontiersin.org09

Rocco et al. 10.3389/fenvs.2024.1372931

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1372931


3.1.2.1 Norway spruce (Picea abies) emissions
Supplementary Figure S4 shows the majority concentrations of

this species measured in the chamber in 2020. A high concentration
of limonene can be seen, reaching up to 96 ± 39 ppb. The second
most prevalent species was camphene with a concentration of
approximately 25 ± 11 ppb. This compound was not especially
emitted in the measurements found in the literature with a
contribution of 6.8% ± 1.2% of total monoterpenes
(Bourtsoukidis et al., 2014) as they report higher percentages of
β-pinene, α-pinene, and limonene. The origin of these compounds
is, therefore, either due to emission by the plant or contamination by
the cartridge. Measurements of blank samples in the chamber (refer
to Supplementary Appendix SA) demonstrate that blank
concentrations do not exceed the concentrations measured
during the sampling of the species. Then, the measured
emissions are from our species and are dependent on the
conditions in the chamber that induces various processes
of emissions.

We measured isoprene ER for P. abies between 0.045 and
7.226 µg gDW

-1 h-1 (Table 5), and monoterpene sum ER was
2.265 ± 0.833 μg gDW

-1 h-1 (Table 4). The values found in this
measurement are in the range of isoprene ER reported in the
literature. Indeed, Kempf et al. (1996), Grabmer et al. (2006), and
Kesselmeier and Staudt (1999) measured ER for this species and
estimated values between 0.34 and 1.80 μg gDW

-1 h-1 for isoprene
emissions and between 0.20 and 7.18 μg gDW

-1 h-1 for emissions of
the sum of the monoterpenes that are in line with our
measurements. The two major compounds measured by Kempf
et al. (1996) were limonene and α-pinene with ERs of 0.83 and
0.85 μg gDW

-1 h-1. The ERs calculated from our chamber
measurements for these compounds are 1.405 ± 0.576 μg gDW

-1

h-1 and 0.168 ± 0.069 μg gDW
-1 h-1, respectively, for 2020. Van

Meeningen et al. (2017) reported the ER range between 0 and
1.2 μg gDW

-1 h-1 for Norway spruce with the most emitted
compound of camphene with no photosynthetical active
radiation (PAR) and α-pinene with increased PAR for late
spruce. The most recent study (Bourtsoudikis et al., 2014;
Thomas et al., 2023) showed that ERs for P. abies are very low
with an ER value of 0.1–0.4 × 10−3 μg gDW

−1 h−1.

3.1.2.2 European beech (Fagus sylvatica) emissions
European beech is a deciduous tree known to have higher

emissions of terpenes than isoprene (Tollsten and Müller, 1996;

Evans et al., 2015). A number of publications report concentrations
and emissions of monoterpenes and sesquiterpenes (Tollsten and
Müller, 1996; Gallagher et al., 2000; Dindorf et al., 2005; Moukhtar
et al., 2005; van Meeningen et al., 2016; van Meeningen et al., 2017)
in order to better understand the emission processes of this species.

In our measurements, the most emitted compound from beech is
sabinene (5,220 ± 2,140 pptv), as alreadymeasured by vanMeeningen
et al. (2016) and van Meeningen et al. (2017). We measured the high
concentration of geranyl acetate and menthol (Supplementary Figure
S5). A lower number of compounds were measured by this species
compared to the other two. This is due tomany compounds where the
concentration was lower than the blank measurements that we do not
take into account. Furthermore, we are reminded that the conditions
of measurements (temperature, relative humidity, and solar radiation)
were not the same within the experiments.

Figure 7 shows the comparison of the concentrations of various
monoterpenes over the 2 years of measurement and refer to the
literature. Concentrations measured during the two expriences
(2020 and 2021) are compltly different. In 2020, 90% of
monoterpenes emissions were sabinene and only 3% was
g-terpinene and 1% was α-pinene. On the other hand, 64% of
emission was α-pinene in 2021 and 14% was sabinene. The
publication by Van Meeningen et al. demonstrates a broader
range of VOC with a more evenly distributed emission pattern,
yet with a predominance of sabinene.

Joó et al. (2010) showed high concentrations of linalool for this
species with an emission of 1.86 µg gDW

−1 h−1 compared to 0.001 µg
gDW

−1 h−1 in our measurements. This is not the case for van
Meeningen et al. (2017), where linalool is also not detected. Joó
et al. (2010) reported high ER of sabinene with a maximal ER of
0.75 µg gDW

−1 h−1 compared to 0.108 µg gDW
−1 h−1 in our study.

Finally, Bourtsoukidis et al. (2014) found very higher ERs of
monoterpenes with 335.52 ± 185.76 µg gDW

−1 h−1 for total
monoterpenes and then 42.48 ± 29.88 µg gDW

−1 h−1 for total
sesquiterpenes and 23.40 ± 18.72 µg gDW

−1 h−1 for isoprene.

3.1.2.3 Hazel tree (Corylus avellana) emissions
We measured majority emissions of limonene and α-pinene for

the species C. avellana (7,815 ± 3,204 pptv and 4,231 ± 1734 pptv,
Supplementary Figure S6), as previously measured by Acton et al.
(2016) (with emissions of 757 μg m−2 h−1 and 13 μg m−2 h−1,
respectively). ERs for these species in our study were 0.600 ±
0.246 µg gDW

−1 h−1 and 0.325 ± 0.133 µg gDW
−1 h−1, respectively.

TABLE 4 Emission rates of isoprene and the sum of monoterpenes in μg gDW
-1 h-1 calculated for measurements in 2020 and 2021 (Puy de Dôme).

Species Sampling
site

mdry
(g)

Emission rate (ER)
isoprene (μg gDW

-1 h-1)
Emission rate (ER) Σ
monoterpenes (μg gDW

-1 h-1)
Emission rate (ER) Σ
sesquiterpenes (μg gDW

-1 h-1)

F. sylvatica 1 14.5 0.007 ± 0.003 0.148 ± 0.061 0.011 ± 0.005

2 2.7 - 22.063 ± 9.489 4.991 ± 2.046

P. abies 1 20.6 0.045 ± 0.018 2.032 ± 0.833 0.060 ± 0.025

2 9.5 5.042 ± 2.067 9.489 ± 3.890 3.700 ± 1.517

C. avellana 1 3.9 0.020 ± 0.008 0.791 ± 0.324 0.183 ± 0.075

2 1.8 - 61.601 ± 25.256 4.544 ± 1.863
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The fluxes measured in 2020 show higher fluxes for the sum of
monoterpenes than for isoprene fluxes (1.292 versus 0.020 µg gDW

−1 h−1

for isoprene). On the contrary, for 2021, high emissions ofmonoterpenes
were recorded (6.673 µg gDW

−1 h−1 versus 13.51 µg gDW
−1 h−1).

Few studies look in detail the emissions of VOCs from C.
avellana and their ER (Table 6). According to emission
inventories, common hazel trees are recorded as emitting only
0.1 µg gDW

−1 h−1 of sesquiterpenes (Karl et al., 2009) but do not

emit isoprene or monoterpenes (Karl et al., 2009). Parra et al. (2004)
reported emissions from these species but always in very low
amounts (0.1 µg gDW

−1 h−1).
A study on an apparent species, Byzantium hazel (Corylus

corluna L.), shows the following isoprene and monoterpene ERs:
<0.1 μg gDW

−1 h−1 and 1.30 μg gDW
−1 h−1 for isoprenes and

monoterpenes, respectively (Curtis et al., 2014), which are in line
with our study.

TABLE 5 Emission rates measured of P. abies in μg gDW
-1 h-1 and comparison with the literature * for a PAR of 1,000 μmol m-2 s-1 for a late spruce.

BVOC
compound

Sampling
site

Emission rate measured in this
study (μg gDW

-1 h-1)
Emission rate in the literature
(μg gDW

-1 h-1)
Reference

Isoprene 1 0.045 ± 0.018 5.042 ± 2.067 0.34 Kempf et al. (1996)

2 0.34–1.8 Kesselmeier and Staudt,
(1999)

1.26 ± 0.49 Van Meeningen et al.
(2017)*

0.108 × 10−3 ± 0.08 × 10−3 Bourtsoudikis et al.
(2014)

0.4 × 10−3 Thomas et al. (2023)

α-Pinene 1 0.168 ± 0.069 0.29 ± 0.26 Van Meeningen et al.
(2017)*

2 - 0.85 Kempf et al. (1996)

2.9 × 10−3 Thomas et al. (2023)

β-Pinene 1 0.088 ± 0.036 0.07 ± 0.03 Van Meeningen et al.
(2017)*

2 - 0.43 Kempf et al. (1996)

0.4 × 10−3 Thomas et al. (2023)

Camphene 1 0.346 ± 0.142 0.21 ± 0.27 Van Meeningen et al.
(2017)*

2 - 0.07 Kempf et al. (1996)

0.9 × 10−3 Thomas et al. (2023)

Limonene 1 1.405 ± 0.576 0.05 ± 0.05 Van Meeningen et al.
(2017)*

2 - 0.83 Kempf et al. (1996)

1.7 × 10−3 Thomas et al. (2023)

β-Myrcene 1 0.040 ± 0.016 0.41 Kempf et al. (1996)

2 - 2.1 × 10−3 Thomas et al. (2023)

3-Carene 1 - 0.02 ± 0.02 Van Meeningen et al.
(2017)*

2 - 0.4 × 10−3 Thomas et al. (2023)

β-Phellandrene 1 - 0.40 Kempf et al. (1996)

2 -

Camphor 1 - 0.03 Kempf et al. (1996)

2 -

Sabinene 1 0.114 ± 0.047 0.11 Kempf et al. (1996)

2 -
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The majority emitted compound for the species C. cornula is
ocimene with an ER of 0.572 μg gDW

−1 h−1, where we found only
0.005 µg gDW

−1 h−1. The lack of species-specific measurements in the
literature does not allow us to conclude on the possible emission
patterns of the species C. avellana. Further studies are needed to
validate these measurements.

3.2 BVOC from plant leaves in tropical
forests (La Réunion Island)

3.2.1 BVOC emission repartition on the island
Isoprene emissions are strongly associated with temperature and

light (Zeng et al., 2023). According to Figure 8, predominantly

FIGURE 7
Speciation of monoterpenes for Fagus sylvatica and comparison to the literature (van Meeningen et al., 2016).

TABLE 6 Emission rates measured for C. avellana in μg gDW-1 h-1 and comparison with the literature.

BVOC
compound

Sampling
site

Emission rate measured in this study
for C. avellana (μg gDW

-1 h-1)
Emission rate—literature forC. cornula L. (Kempf
et al. (1996); Kesselmeier and Staudt, (1999);
Grabmer et al. (2006) (μg gDW

-1 h-1)

Isoprene 1 0.020 ± 0.008 <0.01

2 -

α-Pinene 1 0.325 ± 0.133 0.182

2 -

β-Pinene 1 0.027 ± 0.011 0.091

2 -

Limonene 1 0.600 ± 0.246 0.377

2 -

3-Carene 1 - 0.078

2 -

Ocimene 1 0.005 ± 0.002 0.572

2 -
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isoprene emitter species are found around Maïdo. This explains the
observed concentrations and diurnal variations reported in previous
studies at theMaïdo observatory (Rocco et al., 2020; Verreyken et al.,
2021; Rocco et al., 2022). The concentrations presented in this figure
represent values measured in the chamber after subtracting the
chamber blank and are resumed in Supplementary Table S5.
Therefore, only two species show isoprene emission (E.
reunionensis or Syzygium jambos). The distribution of
concentrations at Plaine des Fougères Forest (PLF) for the
species A. heterophylla reveals higher sesquiterpene emissions
compared to OPAR-Maïdo (242 ± 121 pptv and 62 ± 22 pptv,
respectively). The differences observed in emissions from the same
species could be explained by the local environment of this species.
Indeed, emissions from trees are linked to their environment and
could play a great role in the emissions (Staudt et al., 2003; Staudt
and Visnadi, 2023). Furthermore, temperature over the
measurements ranged between 20°C and 26°C (Section 2.3.2)
with high relative humidity inside the chamber (up to 89%).
These recorded differences in temperature and relative humidity
could influence the measured emissions.

Species E. reunionensis is a full isoprene emitter with
concentration emitted by this species being 76 ± 14 pptv at
OPAR and 87 ± 9 pptv at PLF. No isoprene emission is recorded
for B. penduliflora at Mare-Longue forest (MLF) compared to PLF
(43 ± 6 pptv). ERs have been estimated and are under the LOD.

The exotic species Ulex europaeus shows a concentration of
173 ± 24 pptv. This species was also measured during the sampling
at the Puy de Dôme and showed high isoprene emission
(Supplementary Figure S7) but less diversity in emission of
monoterpenes at the Puy de Dôme. The emissions for this exotic
species are well-documented for its properties of bioherbicide
(Pardo-Muras et al., 2018; Pardo-Muras et al., 2019). We
calculated ER for tropical species in Supplementary Table S6. ERs
are very low for all species. Our result is in line with Boissard et al.

(2001) and Owen et al. (2001). They showed high ER of isoprene
(range of 0.004–20 µg gDW

−1 h−1 compared to 0.004 µg gDW
−1 h−1 in

our study).
Psidium cattleyanum is a bioindicator species of atmospheric

pollutants, notably NOx and SO2 (Kateivas et al., 2018; Kateivas
et al., 2022; Agrawal et al., 2023). In plants exposed to NOx and SO2,
inhibited growth was observed in terms of both height and size,
along with a reduction in the quantity of leaves. Additionally,
symptoms of chlorosis and necrosis were evident.

In the literature, no isoprene ERs were found for P. cattleyanum
but monoterpenes and sesquiterpenes (Llusià et al., 2010) that are in
line with our measurements in MLF. ERs of monoterpenes and
sesquiterpenes were, respectively, 0.057 and 0.022 µg gDW

−1

h−1 in MLF.
Then, exotic species S. jambos shows only the concentration of

sesquiterpenes (6 ± 8 pptv). Despite this measurement, the literature
shows the emission of isoprene (0.11–10.81 µg gDW

−1 h−1 in Zeng
et al., 2023; 199 µg gDW

−1 h−1 in Klinger et al., 2002) and
monoterpenes (0.29 ± 0.05 µg gDW

−1 h−1 in Leung et al., 2010).

FIGURE 8
Distribution of isoprene, sum of monoterpenes, and sesquiterpene concentrations (pptv) for the three sites. Numbers inside the circles are
concentrations of isoprene (blue), sum of monoterpenes (orange), and sum of sesquiterpenes (gray) in pptv.

FIGURE 9
Concentration in pptv (mean ± standard deviation) measured for
species Labourdonnaisia calophylloides (n = 3) and Syzygium
cymosum (n = 3).
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3.2.2 Study of BVOC emission from endemic
species in the Mare-Longue forest

Average concentrations of monoterpenes for L. calophylloides
(n = 3) and S. cymosum (n = 3) are initially depicted in
Supplementary Figure S8, prior to the exclusion of blank
chamber concentrations. Subsequent to subtracting the
measured concentrations of both species by the blank (as
illustrated in Figure 9), it was observed that the
concentrations of the sum of monoterpenes in the blank
exceeded those in the species measurements. Consequently, we
have opted not to report these concentrations any further. Higher
emission can be shown of sesquiterpenes for both species (19 ±
21 and 14 ± 12 pptv for L. calophylloides and S. cymosum,
respectively).

Considering only the positive monoterpene concentrations, we
estimated monoterpene ERs of 0.023 ± 0.015 µg gDW

−1 h−1 for L.
calophylloides and 0.003 ± 0.001 µg gDW

−1 h−1 for S. cymosum.
Estimated sesquiterpene ERs are 0.003 ± 0.001 µg gDW

−1 h−1 for
L. calophylloides and 0.004 ± 0.004 µg gDW

−1 h−1 for S. cymosum.
Finally, isoprene ERs are very low with ER < 0.001 µg gDW

−1 h−1 and
0.001 ± 0.001 µg gDW

−1 h−1 for L. calophylloides and S. cymosum,
respectively.

3.3 Summary and conclusion

We performed trial experiments in a glass chamber called
VELVET using the vegetation enclosure technique. We have
chosen species in temperate climate (Norway spruce, P. abies;
European beech tree, F. sylvatica; and common hazel tree, C.
avellana) known for their BVOC emissions and endemic and
exotic species in tropical forests (A. heterophylla, L.
calophylloides, S. cymosum, P. cattleyanum, S. jambos, E.
reunionensis, and B. penduliflora) in La Réunion Island.

High isoprene concentrations averaging 301 ± 36 pptv were
recorded for all temperate species, which is not the case for tropical
species. C. avellana exhibited elevated concentrations of
sesquiterpenes (211 ± 24 pptv) and high total BVOC
concentrations, particularly for isoprene (309 ± 29 pptv from
PTR-MS measurements) and monoterpenes (99 ± 21 pptv).
Flux estimations for F. sylvatica aligned with previous studies,
while fluxes for P. abies showed higher isoprene fluxes but lower
monoterpene and sesquiterpene fluxes compared to bark flux
estimations. Then, we analyzed the VOC speciation based on
tree species and ERs. We show distinct VOC profiles in the
chamber for P. abies and C. avellana, characterized by higher
proportions of limonene, α-pinene, and camphene, while F.
sylvatica displays a unique profile with predominant sabinene
and isoprene.

For tropical species, the concentrations, after subtracting the
chamber blank, are revealing species-specific emissions, such as E.
reunionensis and S. jambos being monoterpene and sesquiterpene
emitters. In Plaine des Fougères forest (PLF), A. heterophylla
exhibits higher sesquiterpene emissions compared to OPAR-
Maïdo, possibly influenced by the species’ local environmental
context. Exotic species, such as U. europaeus, showed notable
isoprene concentrations, aligning with previous findings at the
Puy de Dôme.

ERs for tropical species in MLF are low, while isoprene ERs
for P. cattleyanum are not found in the literature, monoterpene
and sesquiterpene measurements align with existing
studies in MLF.

For the first time, we measured ER from two endemic species: L.
calophylloides and S. cymosum. We report from these two species
emissions of isoprene and sesquiterpenes up to 0.004 ± 0.004 µg
gDW

−1 h−1.
The importance of these fluxes, especially under stress

conditions, is emphasized for their contribution to SOA
formation in the atmosphere (Yang et al., 2021). Moreover, the
way in which these emissions vary depending on climatic conditions
(drought, precipitation, sunlight, etc.) and seasons remains relatively
unknown and need to be investigated.

This study serves as groundwork, preparing for future
fieldwork with the aim of addressing significant gaps in
atmospheric emission inventories and then facilitating the
implementation of global climate models. Other
compartments, such as litter layer interactions, biotic and
abiotic effects, or emissions measured from tree trunks, are
underestimated. More in-depth studies are necessary to
determine their contribution.
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