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Abstract. In this study, green leaves volatiles (GLV) and isoprene emissions were studied in Quercus
robur leaves subjected to biotic stress (different infection degree of Phylloxera quercus) combined with
abiotic stress (temperature). Results obtained have been shown that GLV emission rates from Q. robur
infected leaves are increasing along with the number of leaves infected spots compared to control. A
cumulative effect of abiotic and biotic stress has been noticed.
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Introduction. Terrestrial vegetation is a key player in the carbon and water cycles being
a key player for Earth’s climate.
Multiple stress factors can affect plants resistance simultaneously or
consecutively. Abiotic stress is defined as any factor exerted by the environment on the
optimal functioning of an organism. An abiotic stress can be considered heat, cold,
freezing, drought salinity, flooding or oxidizing agents, light, ozone, nutrient availability.
Beside those, biotic stress can be caused by plant viruses, pathogens and/or herbivores.
Since plants cannot flee from the stressful environment, they have to develop
strategies to adapt or defend themselves. Two main strategies are adopted by plants in
order to defend themselves: physical (spines and thorns) (Hanley et al 2007) and
chemical (waxes and secondary plant metabolites) (Arimura et al 2005; Kessler & Heil
2010). One strategy which is used in response to biotic or/and abiotic stress by plants is
to elicit a variety of volatile organic compounds (VOC) into the atmosphere (Bertin &
Staudt 1996; Copolovici & Niinemets 2010). VOCs represent a large carbon loss which
can be up to similar to 10% of that fixed by photosynthesis under stressful conditions
some tropical ecosystems (Penuelas & Llusia 2003).
VOC play important roles in atmospheric chemistry as they are involved in
photochemical ozone formation. Indirectly VOCs also affect Earths’ climate as they are
precursors of secondary organic aerosols (Hallquist et al 2009). For predicting future
climate change, the disturbance of photosynthetic capacity or transpiration cause by
stressful environment are of high importance (Hallquist et al 2009). Accurate prediction
of VOC emissions is highly relevant for reliable simulation of a number of atmospheric
properties, including chemical reactivity and clearness (Arneth & Niinemets 2010; Claeys
et al 2004; Peñuelas & Staudt 2010; Spracklen et al 2008). VOC are involved in
photochemical ozone formation (Bates et al 2000; Kleindienst et al 2007) and high
concentrations of atmospheric ozone can potentially cause reduction in the
photosynthetic process, growth and biomass accumulation (Moretti et al 2010). High
concentrations of VOC emissions could contribute to the complex processes associated
with global warming (Penuelas & Llusia 2003).
Volatiles are biosynthesized mainly via four biochemical pathways: the
lipoxygenase pathway for green leaf volatiles (GLV) (Hexenal, Hexenyl acetate)
(Hatanaka 1993; Matsui 2006), shikimic acid pathway for aromatic volatiles (methyl
salicylate) (Paré & Tumlinson 1999), methylerythritol pathway (MEP) for isoprene and
monoterpene (Limonene, Linalool) (Lichtenthaler et al 1997) and mevalonic acid pathway
(MVA) for volatile sesquiterpene (caryophyllene, farnesene) (Arimura et al 2009).
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Phylloxera quercus is found in southern Europe, North Africa and the Middle East. In
Europe, it is confirmed from Italy, France and Spain (Blackman & Easop 2008).
P. quercus are thiny insects, 0.2-0.5 mm, that feed on the vim of the pedunculate
oak (Quercus robur) leaves (Lubiarz 2007). P. quercus is related to aphids (Herbert et al
2008; Lubiarz 2007). Many Phylloxera species can cause plant galls (Lubiarz 2007;
Oliveira et al 2011). Oak phylloxera doesn’t cause galls, but causes, small necrotic yellow
to brown feeding injury spots and leaf distortions (Jackson 2014). More susceptible to the
infection are young trees which are weakened by their feeding activity and subsequent
leaf loss, in combination with other environmental stress factors, the disease can lead to
tree decline (Hallquist et al 2009; Lubiarz 2007). In Iraq, P. quercus is reported to kill
young oaks during years of severe infestation. It is appreciated that phylloxera can be a
threat to the growth of the wine industry all over the world (Herbert et al 2008; Jackson
2014).
P. quercus infection reduces the rate of growth. However, quantitative
relationships between these physiological modifications and the degree of infection have
not been studied. As the shape of stress severity vs. plant response can differ for various
stresses (Beauchamp et al 2005; Niinemets 2010; Niinemets et al 2010a, b), predicting
stress responses requires understanding of quantitative relationships between stress
severity and plant physiological response (Niinemets et al 2010).
Pedunculate oak constitutively emits isoprenoid compounds, monoterpenes and
sesquiterpenes (Lehning et al 2001; Pearse et al 2013).
In the present work we study the emission of green leaves volatiles and isoprene
from Q. robur under biotic stress (P. quercus) combined with abiotic stress
(temperature).
Material and Method. Oak leaves were infested gradually with P. quercus. In order to
estimate the degree of P. quercus infection, both sides of the leaf were photographed.
Different numbers of leaf infected spots were obtained from 10 to 40 per 8 cm2.
In order to assess the cumulative effect of both biotic and abiotic stress, already
infested leaves were subjected to a temperature of 35° C for 90 minutes.
In order to investigate the relationship between both type of stress factors applied
and the emission of volatile organic compounds, the number injury spots were counted
and correlated with GLV emission. Green leaves volatiles (GLV) and isoprene emission
rates from Q. robur leaves infected with various degree of P. quercus were measured
using a custom-made gas-exchange system described by (Copolovici & Niinemets 2010).
Isoprene and GLV emission rates have been measured using a GC-MS method described
previously by (Copolovici et al 2009).
Results and Discussion. Infection with P. quercus led to a reduction of isoprene
emission from 20.1  0.5 nmol m-2 s-1 (average ± SE) in healthy leaves of Q. robur to 2.5
 0.5 nmol m-2 s-1 in heavily infected leaves (40 spots), and a strong negative correlation
between isoprene emission rate and percentage of leaf infection was observed (Figure 1).
The same trend has been shown by Anderson et al (2000) in oak wilt Ceratocystis
fagacearum infected with Quercus fusiformis and by Niinemets et al (2013) in Q. robur
infected by Erysiphe alphitoides. This reduction could be associated with the general
effect on dimethylallyl diphosphate (DMADP), the pool size of the substrate for isoprene
synthesis (Possell & Hewitt 2011; Rasulov et al 2009).
Emission of a variety of compounds was induced by infection, including
lipoxygenase pathway products as (Z)-3-hexenol, (E)-2-hexenal, (Z)-3-hexenyl acetate
and 1-hexanol) also called green leaves volatiles (GLV). In healthy leaves the GLV
emission rate have been under the detection limit while in infected leaves the GLV
emission rates increasing along with the number of leaves infected spots. It has been
shown a positive correlation between GLV emission rate and the number of leaves
infected spots (Figure 2.). Usually fungal emissions are dominated by alcohols, aldehydes
benzenoids, and ketones (Penuelas et al 2014). As a result of an attack by pathogens,
specific elicitor molecules are generated by chemical or physical damage to plant cell
walls and cellular membranes which can be followed by the release of free fatty acids
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from cell membranes, and their peroxidation by lipoxygenase enzymes (Liavonchanka &
Feussner 2006).
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Figure 1. Correlations of isoprene emission rates with the number of infected spots
of Phylloxera quercus in Quercus robur leaves.
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Figure 2. Correlation between lipoxygenase pathway volatile (various C6 alcohols, aldehydes and
derivatives, also called green leaf volatiles (GLV)) from Q. robur leaves with the number of infected
(Phylloxera quercus) spots on the leaves.

In order to investigate both biotic (P. quercum) and abiotic (temperature) stress, infected
leaves were subjected at 35oC for 90 minutes. Data obtained have been shown a
cumulative effect of both effects (Figure 3).
The data obtained have been shown a cumulative effect of abiotic stress
(temperature) and biotic stress (Figure 3). A priming effect of temperature has been
found on green leaves volatiles emissions which are in accordance with our previous
study, where we have shown a quantitative relationship between stress dose (number of
larvae feeding) vs. GLV emissions (Copolovici et al 2011).
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Figure 3. Isoprene emission rate (A) and GLV emission rate (B) from Q. robur leaves under
temperature stress depending on the number of leaves infected spots

Conclusions. The results indicate a significant increase in the concentration of
lipoxygenase compounds (GLV) along with increasing number leaf infected spots, while
isoprene concentration decreases linearly.
It has been demonstrated that GLV emissions are quantitatively related to the
stress dose.
The results have been show that the infection with P. quercus combined with high
temperature induced a high emission of GLV and a decrease in emission of isoprene.
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