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Pinus halepensis and Quercus ilex terpene emission
as affected by temperature and humidity
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Abstract

The short-term relationships of monoterpene emission with temperature and relative
humidity were studied in Pinus halepensis L. and Quercus ifex L. seedlings grown in
air-conditioned chamber. In P. halepensis terpene emission rate increased with
temperature (from 15 to 35 °C) and relative humidity (from 40 - 60 to 65 - 95 %). In
. ilex, a terpene non-storing species, it increased with temperature only at high
relative humidities but not at relative humidities lower than 60 %.

Additional key words: limonene, myrcene, a-pinene, terpene non-storing species, terpene storing
species.

Among the abiotic factors affecting plant terpene emission rates, temperature (Tingey
et al. 1980, Lamb er al. 1985, Guenther et al. 1993, Staudt and Seufert 1995, Loreto
et al. 1996, Llusia and Pefiuelas 1999, Pefiuelas and Llusia 1999), and relative
humidity (Dement et al. 1975, Guenther et al. 1991, Tingey et al. 1991, Loreto et al.
1996) are outstanding. Existing models for prediction of emission rates are normally
based only on temperature and photon flux density (PFD) (Guenther et al. 1991),
They do not consider relative humidity and even less the possible interaction between
temperature and relative humidity. We here approach the study on this possible
interaction that may be different in terpene storing and non-storing species in Pinus
halepensis L. and Quercus ilex L.
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Two-year-old well-irrigated seedlings of Pinus halepensis L. and Quercus ilex L.
were grown in 5 dm’ pots filled with peat, perlite, vermiculite and sand (2:1:1:1) in a
growth chamber (AIR-BLUE H-1, Termiafrigo, Barcelona, Spain) under a factorial
combination of three temperatures (15, 25 and 35 °C) and two ranges of relative
humidities (40 - 60 and 65 - 95 %). PFD was 150 umol m? s for 14-h photoperiod.
Five plants per species and treatment were sampled.

Sampting of terpene emission was conducted for the main apical branch. We used
a dynamic branch enclosure system consisting of a 540 cm® PET chamber and a fan
that created a constant flux of air across the branch enclosed in the PET chamber. Air
coming out from the PET chamber was moved by a peristaltic pump (4.P. Buck,
Orlando, USA) and flowed through the exit hole by a Teflon tube towards a glass
tube (11.5 cm long and 0.4 cm internal diameter). This glass tube was filled with
terpene adsorbents Carbotrap C (300 mg), Carbotrap B (200 mg) and Carbosieve
S-IIT {125 mg) from Supelco (Bellefonte, USA) separated by plugs of quartz wool. A
blank with no branch in the gas exchange system was sampled immediately before
each measure. Terpene analyses were conducted in a GC-MS (Hewlett Packard
HP38822B, Palo Alto, USA). Trapped emitted monoterpenes were desorbed
(Thermal Desorption Unit, Model 890/891; Supelco, Bellefonte, USA) at 320 °C
during 3 min and injected into a 30 m x 0.25 mm x 0.25 mm film thickness capillary
column (Supelco HP-3, crosslinked 5 % pH Me Silicone). After sample injection, the
initial temperature (46 °C) was increased at 30 °C min™' up to 70 °C, and thereafter at
10 °C min’! up to 150 °C, which was maintained for other 5 min. Helium flow was
1 em’ min”'. The identification of monoterpenes was confirmed with GC-mass
spectroscopy, by comparison with standards from Fluke (Buchs, Switzerland),
literature spectra and GCD Chemstation GI10744 HP. Detection limit was about
0.6 ng. Calibration curves were always highly significant (r2 > 0.97). All statistical
analyses were conducted using Statistica ver 3.0 for Windows (StatSoft, Tulsa, USA),
Five plants per treatment and species were measured. Data were log-transformed to
accomplish normality requirements.

In P. halepensis, total terpene emission rates significantly increased with
increasing temperatures in both high and low relative humidity (Fig. 1). Greater
emission rates were found at higher than at lower relative humidities (Fig. 1). The
main emitted individual terpenes were p-myrcene, a-pinene, D-limonene, A’-carene
and f-pinene (in decreasing order of emission rate).

The strong effect of temperature and humidity on the terpene emission rates is in
agreement to previous reports (Tingey ef al. 1980, Lamb ef af. 1985, Guenther et al.
1993, Staudt and Seufert 1995, Loreto ef ol 1996, Llusid and Pefiuelas 1999).
Among others, Croteau (1977), Lerdau (1991), and Tingey ef af. (1991) have
reported that terpene storing plants present a rapid increase in emission of
monoterpenes when they are submitted to a high humidity environment. It may be
because cuticular hydration results in an increase in its permeability to the
monoterpenes (Croteau 1977). In our study, we found overall 78 % greater emission
rates by P. halepensis under high than under low relative humidity in agreement with
the 70 - 80 % increase reported by Croteau (1977) in Mentha piperita. The emission
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rates of a-pinene in a Douglas fir forest have also been reported to be closely related
to relative humidity (Lamb ef al. 1985). These effects of humidity on monoterpene
volatilization fit-well with the theory that cuticular transport is passive and occurs
through cuticular pores formed by hydration of polar functional groups in the
presence of water (Schonherr 1982). It seems worth noting that this plausible
influence of water on the diffusive pathway of monoterpenes has been observed both
in species of family Lamiaceae with external glandular trichomes and in Conifereae
like the studied Pinus halepensis with internal resin ducts.
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Fig. 1. Total terpene emission rates as a function of temperature and relative humidity for Pirus
halepensis and Quercus ilex seedlings. Black bars represent total terpene emission rates at relative
humidity ranging between 65 and 93 %, and white bars represent terpene emission rates at relative
humidity ranging between 40 and 60 %. Means + SE (n = 5).

¢J. ilex emission rates also increased with temperature at high relative humidity,
but they did not at low relative humidity (Fig. 1). Tts emission rates were 67 %
greater at high relative humidity only at the highest tested temperature (35 *C)
(Fig. 1). The main emitted individual terpenes were A’-carene and D-limonene.

There was thus a significant interactive effect of temperature and relative humidity
in this non-storing species that was absent in the storing species P. halepensis. Tt may
be related to the difficulties of Q. ilex in producing terpenes at stressful high
temperature and low humidity. On the contrary, P. halepensis emission rates seem to
only depend on physical processes for volatilisation of their stored terpenes. We have
thus a new indication that terpene emission control may differ between storing and
non-storing species (Lerdau 1991, Llusia and Pefiuelas 1999, Pefiuelas and Llusia
1999).

In a recent annual field study we also found that monoterpene emission rates by
several Mediterranean species tended to decrease in summer with increasing vapour
pressure deficit (Llusia and Pefiuelas 1999). The decreased permeability of the cuticle
to gas exchange and the lack of carbon substrate and/or ATP under water limitation
may explain this effect of low humidity (Bertin and Staudt 1996).

The interactive effects of micrometeorological factors such as temperature and
relative humidity on terpene emission rates might improve existing terpene emission
modeis,
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