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Introduction

Plant secondary metabolites affects ecosystem processes and biodiversity. Release of secondary metabolites into the environment, an important driver of biotic interactions, occurs through litter decomposition, root exudates, vaporization into the air, and leaching from plant parts to the soil [START_REF] Rice | Allelopathy. 2nd Ed GB[END_REF]. Production of secondary compounds is often associated with plant protection. Compounds in aboveground parts help to protect plants against microbes, herbivores [START_REF] Vernenghi | Phytoalexines and defense reactions of tomatoes to Phytophtora parasitica and Verticillium albo atrum infections[END_REF], and/or UV irradiation [START_REF] Delfine | Isoprenoids content and photosynthetic limitations in rosemary and spearmint plants under water stress[END_REF]. Root compounds may be produced in response to soil-borne pathogens [START_REF] Valette | Histochemical and cytochemical investigations of phenols in roots of banana infected by the burrowing nematode Radopholus similis[END_REF].

Allelochemicals also may be involved with beneficial interactions [START_REF] Dicke | Plants talk, but are they deaf?[END_REF], such as attracting pollinators to flowers and leaves [START_REF] Caissard | Localization of production and emission of pollinator attractant on whole leaves of Chamaerops humilis (Arecaceae)[END_REF] or signaling events in plant-plant, plant-microbe, or plantnematode interactions [START_REF] Hiltpold | Belowground chemical signaling in maize: \When simplicity rhymes with efficiency[END_REF]. Among vascular plants, almost all allelochemicals are secondary metabolites and have the potential to impact ecosystem structure and function. Allelopathic components also play a role in regulating plant diversity [START_REF] Chou | Roles of Allelopathy in Plant Biodiversity and Sustainable Agriculture[END_REF], establishment of invasive species [START_REF] Bousquet-Mélou | Allelopathic potential of Medicago arborea, a Mediterranean invasive shrub[END_REF], and the dynamics in arid environments [START_REF] Karageorgou | The influence of drought, shade and avaibility of mineral nutrients on exudate phenolics of Dittrichia viscosa[END_REF].

In the Northern Mediterranean basin, Pinus halepensis Miller (Pinaceae, Pinales) is a pioneer and expansionist species that colonizes abandoned agricultural lands characterized by high biodiversity [START_REF] Roche | Comparative study of secondary succession and resilience processes in Mediterranean-types ecosystems[END_REF]. Owing to its richness of secondary metabolites [START_REF] Macchioni | Chemical composition of essential oils from needles, branches and cones of Pinus pinea, P. halepensis, P. pinaster and P. nigra from central Italy[END_REF], P. halepensis may play an important role in plant succession through several processes. For example, secondary compounds (terpenoids and/or phenolic compounds) can affect root symbionts and site quality, by interfering with decomposition, mineralization, and humification [START_REF] Kainulainen | Concentrations of secondary compounds in Scots Pine needles at different stages of decomposition[END_REF]. They can also be involved with interspecific competition phenomena through allelopathic interactions [START_REF] Rice | Allelopathy. 2nd Ed GB[END_REF]. Indeed, P. halepensis may inhibit seedling establishment of various species in pine stands, suggesting the allelopathic nature of litter, leaf leatchates, and/or root exudates [START_REF] Fernandez | Potential allelopathic effect of Pinus halepensis in the secondary succession, an experimental approach[END_REF][START_REF] Fernandez | Regeneration failure of Pinus halepensis Mill.: the role of autotoxicity and some abiotic environnemental parameters[END_REF][START_REF] Navarro-Cano | Pine plantation bands limit seedling recruitment of a perennial grass under semiarid conditions[END_REF]. Other conifers such as Pinus sylvestris L. [START_REF] Bulut | The allelopathic effects of Scots pine (Pinus sylvestris L.) leaf extracts on turf grass seed germination and seedling growth[END_REF], P. densiflora (Sieb. et Zucc.) [START_REF] Kato-Noguchi | An allelopathic subtance in red pine needles (Pinus densiflora)[END_REF], Picea abies (L.) Karst. [START_REF] Pellissier | Effect of phenolic compounds in humus on the natural regeneration of spruce[END_REF], or Picea mariana (Mill.) [START_REF] Mallik | Inhibition of black spruce seedling growth by forest-floor substrates of central Newfoundland[END_REF]) also have allelopathic potential.

Allelopathic potential may be modified by several factors such as the age of the donor plant [START_REF] Inderjit | Nature of interference potential of hairy vetch (Vicia villosa Roth) to radish (Raphanus sativus L.): does allelopathy play any role?[END_REF]. Therefore, to understand the role of P. halepensis in secondary succession, it is essential to evaluate whether allelochemicals vary in diversity, amount, or function in different plant organs (needles vs. roots), and at different successional stages. For this reason, we analyzed the composition of secondary metabolites in aqueous extracts of roots and needles of P. halepensis by searching for polar (fatty acids and phenolic compounds) and less polar compounds (terpenoids) known to be allelopathic [START_REF] Rice | Allelopathy. 2nd Ed GB[END_REF], and we determine whether the chemical diversity of aqueous extracts depends on changes in the age of P. halepensis stands.

Methods and Materials

Samples Sites In order to evaluate the variability and allelopathic potential of P. halepensis in relation to different stages of secondary succession, three age classes of P. halepensis were chosen: (i) Young P. halepensis (<15-years-old) called successional stage "Y"-that included meadows colonized by dispersed individuals; (ii) Medium-aged P. halepensis (±30-years-old) called successional stage "M"-monospecific or recently closed forest stands, without understory; and (iii) Old P. halepensis (>60-years-old) and called successional stage "O"mature forest with well-developed understory.

Three replicates were collected from each successional stage. Sites were selected along the Southern hillside of the Luberon Mountains in the Natural Regional Park (South of France), on the basis of similar global index (climatic and topoedaphic conditions), by using a model developed by CEMAGREF [START_REF] Ripert | Evaluation des potentialités forestières. Guide technique du forestier méditerranéen français[END_REF]. All sites featured deep agricultural soils (>1 m) of Rendoll in "Soil Taxonomy" [START_REF] Soil | Soil Taxonomy[END_REF] with no slope and high fertility for P. halepensis.

Plant Material Collection and Aqueous Leachates

Preparation Needles and roots were collected from five individuals at each site. Needles were harvested from the entire tree crown, and roots were sampled in close proximity to the pines (diam <1.5 m). Just after harvest, needle and root extracts were soaked in water (50 g fw of tissue in 250 ml of distilled water). Extracts were done at room temperature (18°-20°C) and kept in darkness for 24 h. Needle extracts simulated leaf leaching, while root extracts simulated root exudates.

Bioassays. The phytotoxicity of aqueous extracts was tested in previous studies with Lactuca sativa seeds, Linum strictum (allelopathy, [START_REF] Fernandez | Potential allelopathic effect of Pinus halepensis in the secondary succession, an experimental approach[END_REF], and Pinus halepensis (autotoxicity, [START_REF] Fernandez | Regeneration failure of Pinus halepensis Mill.: the role of autotoxicity and some abiotic environnemental parameters[END_REF]. In these studies, phytotoxicity was analyzed in terms of germination rate and seedling growth (roots and hypocotyles) [START_REF] Fernandez | Potential allelopathic effect of Pinus halepensis in the secondary succession, an experimental approach[END_REF][START_REF] Fernandez | Regeneration failure of Pinus halepensis Mill.: the role of autotoxicity and some abiotic environnemental parameters[END_REF], but also in terms of sapling growth [START_REF] Monnier | Plant-plant interference in Mediterranean forest dynamic: consequences of resources, competition and allelopathy on Aleppo pine (Pinus halepensis Mill.) and a deciduous oak (Quercus pubescens Willd.) growth. 5th World Congress on Allelopathy « Growing awareness of the role of allelopathy in ecological, agricultural and environmental processes[END_REF].

Chemical Analyses

Instrumentation GC-MS analyses were performed on a Hewlett-Packard 6890 GC coupled with an HP5973N Mass Selective Detector. The GC was equipped with an HP-5MS capillary column (30 m×0.25 mm× 0.25µm-J&W Scientific). Samples were injected with an ALS 7673 Automatic Injector in splitless mode (2µl for 1 min) for polar compounds (phenolics and fatty acids), and in pulsed splitless mode (5µl at 25 psi for 1 min) for less polar compounds (terpenoids). Purge flow was set to 50 ml/min after 1 min, except for qualitative studies of polar compounds, for which 30 ml/min were used. Helium (99.995%) was used as carrier gas. A constant flow of 1 ml/min was maintained throughout the runs. Three different oven temperatures were used for qualitative and quantitative studies of polar compounds, and one for less polar compounds. The first program began at 70°C, ramped to 270°C at 5°C/min, and remained at this temperature for 10 min. The second program began at 50°C, increased to 220°C at 5°C/min, and remained at this temperature for 6 min. The third program began at 50°C, increased to 160°C at 2°C/min, and remained at this temperature for 5 min. The injector temperature (250°C) and MSD transfer line heater (280°C) were the same for all injections. The mass spectrometer parameters for EI mode were: ion source, 230°C; MS quadrupole, 150°C; electron energy, 70 eV; Electron Multiplier Energy 1100-1300 V. Data were acquired in scan mode from 40 to 500 amu for qualitative analyses and quantitative analyses of less polar compounds, and in SIM mode for quantitative analyses of polar compounds.

Chemicals HPLC grade methylene chloride, ethyl acetate, cyclohexane, and acetonitrile were obtained from SDS (Peypin, France). HPLC grade water was used for extractions and a Milli Q system was used for analytical procedures. N, O-bis(trimethylsilyl)trifluoroacetamide (BSTFA) containing 1% trimethylchlorosilane (TMCS) was used as the derivatizing reagent for qualitative studies with polar compounds. Methylation reagent (methyle iodure, 99.5% purity), internal standard (3-chloroanisole, >97% purity or undecane, 99% purity), HPLC grade methanol, phenolics, fatty acids, phase transfer catalysts (tetrahexylammonium bromure-THAB, > 99% purity), and tri-n-butylmethylphosphonium polymer bound (1.4 mmol Cl -/g resin-TBMP) were used for quantitative analyses. Analytical grade sodium chloride and potassium dihydrogenophosphate were provided by Prolabo (VWR, France).

Qualitative Analyses

Polar Compounds Qualitative studies of P. halepensis fatty (di)acids and phenolics of root and needle extracts were carried out with three randomly-sampled extracts (10%) mixed for each analysis.

The mixed solution was extracted × 3 with ethyl acetate (25 ml). The resulting three fractions were pooled, concentrated to dryness, and suspended in methylene chloride (1 ml). The procedure was repeated twice, and the combined solutions were evaporated to dryness by using a stream of helium to remove residual water.

Acetonitrile (200µl) and BSTFA+1%TMCS (200µl) were added to the residue. The resulting solution was incubated for 1 h at 70°C, cooled, filtered, and analyzed by GC-MS to produce the trimethylsilyl derivatives.

Less Polar Compounds Aqueous extracts (10 ml of a 10% solution of each extract) were mixed with cyclohexane (1 ml) containing undecane (2 mg/ml) for 1 h. After phase separation, the organic layers were injected onto the GC-MS.

Compound identification was done by comparison of MS spectra to those of reference standards. Database searches in the HP mass spectral libraries were conducted for unidentified components. Retention indexes of compounds were determined relative to Wisconsin Diesel Range Hydrocarbons injection (Interchim, Montlucon, France) and confirmed by comparison with those expected in literature [START_REF] Adams | Identification of Essential Oils by Ion Trap Mass Spectroscopy[END_REF].

Quantitative Analyses

Polar Compounds Quantitative analyses were performed on needle and root extracts of young, medium, and old pines using a method adapted from [START_REF] Fiamegos | Analytical procedure for the in-vial derivatizationextraction of phenolic acids and flavonoids in methanolic and aqueous plant extracts followed by gas chromatography with mass-selective detection[END_REF]. An extraction-derivatization technique was used for phenolics via Phase Transfer Catalysis (PTC). The methylation and extraction methodology was improved to fit phenolics and fatty acids and diacids. The method was tested for a small number of compounds (2 or 3) from each chemical family: fatty acids (palmitic and stearic acids), fatty diacids (succinic and azelaic acids), simple phenols (catechol and pyrogallol), acetophenones (acetovanillone and acetosyringone), phenolic acids (4-hydroxybenzoic, protocatechuic, and gallic acid), and cinnamic acids (p-coumaric, caffeic, and sinapic acids). These compounds were selected based on their occurrence in P. halepensis (qualitative analysis) or ability to be methylated under these conditions. The quantified derivatives may include several allelochemicals because of the methylation process.

Stock solutions (1 mg/ml) of each compound were prepared by dissolving pure standards (25 mg) in deionized water (25 ml). Methanol/water (1:1 v/v) was used for less soluble compounds. THAB in dichloromethane (0.1 M; 217.3 mg in 5 ml) and the internal standard were dissolved in dichloromethane.

The procedure was carried out in 35 ml-Pyrex® tubes equipped with PTFE screw caps. Each individual extract (10 ml) was added with stirring to the following solution: KH 2 PO 4 buffer (500µl of a 1 M solution; pH 8.0), TBMP (50 mg), THAB in dichloromethane (100µl of a 0.1 M solution), internal standard in dichloromethane (50µl of a 100µg/ml solution), dichloromethane (850µl), and methyle iodure (100µl). Tubes were sealed and heated (80°C) for 1 h to allow methylation. The solutions were cooled, saturated with NaCl, and vigorously shaken. After separation, the organic layer was removed, filtered through a filter syringe (0.45µm), and analyzed by GC-MS.

The same procedure was used to methylate standards for calibration curves (constructed by taking the ratio of external variable standard to internal constant standard).

Less Polar Compounds An identical procedure was used for less polar compounds. Quantitation was relative to undecane. Thuja-2,4(10)-diene** 5.2 (1.4) a 3.7 (0.5) a 3.1 (0.5) a 0 

Results

Chemical Composition Aqueous extracts from needles and roots from the different stands of P. halepensis showed a complex mixture of at least 59 identified compounds belonging to different functional phytochemical groups [START_REF] Knudsen | The Chemical Diversity of Floral Scent[END_REF]. Nine monoterpenes, 20 oxygenated monoterpenes, 3 sesquiterpenes, 6 oxygenated sesquiterpenes, 4 fatty acids, 10 phenolic compounds, and 7 others (Table 1) were found in mixtures and consisted predominantly of phenolics (50% ), fatty acids (44%), monoterpenoids (5%), and sesquiterpenoids (1%).

Effect of Organ and Successional Stage on Leachates

We observed a significant effect of organ type (Canonical Analysis of Principal coordinates, F=20.90; P<0.001) and successional stage (CAP, F=2.87, P<0.001) on chemical composition of leachates.

Figure 1 represents a two-dimensional mapping of the Principal Component Analysis. Axis 1 represents 25.7% of the information, and is characterized on the positive side by two oxygenated sesquiterpenes (α-eudesmol, α-cadinol) and α-terpineol (an oxygenated monoterpene). The negative side shows the concentration of total fatty acids, succinic acid, myrtenol (an oxygenated monoterpene), and a monoterpene derivative (bornyl or isobornyl acetate). Axis 2 represents 15.28% of the information, and is characterized on the positive side by oxygenated and nonoxygenated monoterpenes (e.g., trans-pinocarveol, ß-myrcene) and a phenolic compound (4-hydroxybenzoic acid). The hierarchical ascending classification distin-guishes two main groups according to organ type. The 1st group is situated on the positive side of Axis 1 and includes all needles analyzed. Needles then were characterized by two oxygenated sesquiterpenes and three oxygenated monoterpenes (α-eudesmol, α-cadinol, and α-terpineol).

The second group is located on the negative side of the Axis 1 and includes all the roots analyzed. Roots then were characterized by high concentrations of total fatty acids and other compounds (see above) such as succinic acid.

The "needles group" can be subdivided into 2 sub-groups: young needles (with some young roots) occurring on the positive side of Axis 2 had the highest monoterpene concentrations, while the older needles were located on the negative side of Axis 2.

The Chemodiversity Index (D chem ; [START_REF] Iason | Does chemical composition of individual Scots pine trees determine the biodiversity of their associated ground vegetation?[END_REF]) was calculated with pooled data from all functional groups and shows that needles have a higher chemical diversity than young and medium-aged pine roots and, to a lesser extent old roots (Fig. 2). When the index is calculated for functional groups, needles have a higher diversity index for total sesquiterpenes (D chem mean of 2.38 for needles and 1.19 for roots), while roots have a higher diversity index for monoterpenes (D chem mean of 3.20 for roots and 2.40 for needles; Tukey tests and one-way Anova, P<0.05). For phenolics and fatty acids, young needles have the highest diversity (D chem =2.38).

Discussion

Numerous compounds were observed in aqueous extracts of Pinus halepensis. Monoterpenoids (e.g., α-pinene; sabinene; β-pinene; β-myrcene; α-terpinene; p-cymene; γ-terpinene, fenchol, camphor, α-terpineol) and sesquiterpenoids (e.g., β-caryophyllene; α-muurolene; guaiol; αeudesmol) were found in needles, litter, and needle emissions [START_REF] Ormeño | Effect of intraspecific competition and substrate type on terpene emissions from some Mediterranean plant species[END_REF], as well as in Pinus halepensis essential oil [START_REF] Macchioni | Chemical composition of essential oils from needles, branches and cones of Pinus pinea, P. halepensis, P. pinaster and P. nigra from central Italy[END_REF]. Moreover, the diversity index for monoterpenes in Pinus halepensis needles is high (1.7 to 3.1) compared to Pinus ponderosa or Pinus sylvestris needles (0.9 to 1.5 and 0.8 to 1.7, respectivly) [START_REF] Iason | Does chemical composition of individual Scots pine trees determine the biodiversity of their associated ground vegetation?[END_REF][START_REF] Thoss | Monoterpene chemodiversity of ponderosa pine in relation to herbivory and bark beetle colonization[END_REF]. Several of these simple phenolics found in P. halepensis have been found previously (e.g., gallic acid, 4hydroxybenzoic acid, vanillic acid, syringic acid, and pcoumaric acid) [START_REF] Robles | Phenols and flavonoids in Aleppo pine needles as bioindicators of air pollution[END_REF], as well as in other Pinus species [START_REF] Alonso | Biochemical responses of Pinus pinaster trees to fire-induced trunk girdling and crown scorch: Secondary metabolites and pigments as needle chemical indicators[END_REF][START_REF] Cannac | Characterization of phenolic compounds in Pinus laricio needles and their responses to prescribed burnings[END_REF]). Fatty acids were recently found in the needles and litter of several conifers [START_REF]Analysis of organic acids in selected forest litters of Northeast China[END_REF].

The influence of organ and successional stage on the chemical composition of leachates confirms the difference between root and needle leachates-an observation that parallels the work of [START_REF] Macchioni | Chemical composition of essential oils from needles, branches and cones of Pinus pinea, P. halepensis, P. pinaster and P. nigra from central Italy[END_REF] with the essential oil of different Pinus organs. In general, the concentrations of allelochemicals in conifers decline with age [START_REF] Liu | Simulating dynamics of allelochemical production from living plants[END_REF] as does composition and relative amounts of constituents [START_REF] Julkunen-Tiitto | Chemical diversity of several Betulaceae species: Comparison of phenolics and terpenoids in northern birch stems[END_REF]. The chemical variability of P. halepensis organs and stage suggest that different organs (i.e., needles or roots) release different chemicals into the environment at different stages and times. Needles show greater variation with the age of the stand. Two sub-groups were identified that had differences between the dominant phytochemical groups in young vs. older pines stands. The highest monoterpene concentration occurred in younger pines needles (Fig. 1) and may be responsible for inhibiting seed germination (Vokou et al. Tree1 Y4A1N Tree5 Tree4 Tree3 Y4A1N 2003) and facilitating the establishment of young pine stands [START_REF] Fernandez | Potential allelopathic effect of Pinus halepensis in the secondary succession, an experimental approach[END_REF].

The capability of P. halepensis to synthesize a rich phenolic mixture during early stages of colonization may confer a competitive advantage in the competition among plants or pathogens. Moreover, the high diversity of compounds in older roots is not surprising given the abundance of competing microbes, insects, and roots of other plants in the same environment. Root monoterpene diversity also may impact tritrophic interactions in soil as these compounds are implicated in indirect defense mechanisms against root feeders. Several studies have now demonstrated that roots can recruit herbivore enemies by releasing chemical cues into soil [START_REF] Hiltpold | Belowground chemical signaling in maize: \When simplicity rhymes with efficiency[END_REF].

As mentioned previously, secondary metabolites may function in the defense of one plant against another via allelopathic processes. P. halepensis leachates, whether from needles or roots, are allelopathic toward some, but not all, plants. Biosensor plants-i.e., Avena sativa, Lactuca sativa, and Lemna minor [START_REF] Nektarios | Allelopathic effects of Pinus halepensis needles on turfgrasses and biosensor plants[END_REF] -are inhibited by P. halepensis leachates. The leachates also negatively affect wild plants, including: Festuca arundinacea, Cynodon dactylon, Linum strictum, and Pinus halepensis [START_REF] Nektarios | Allelopathic effects of Pinus halepensis needles on turfgrasses and biosensor plants[END_REF][START_REF] Fernandez | Potential allelopathic effect of Pinus halepensis in the secondary succession, an experimental approach[END_REF][START_REF] Fernandez | Regeneration failure of Pinus halepensis Mill.: the role of autotoxicity and some abiotic environnemental parameters[END_REF]. These findings suggest that the release rate and level of allelochemicals are important factors in the environments in which they occur. [START_REF] Castaldi | Inhibition of net nitrification activity in a Mediterranean woodland: possible role of chemicals produced by Arbutus unedo[END_REF] showed that Arbutus unedo leaves and root extracts were detectable in soil extracts. Similarly, P. halepensis extracts may contain a chemical composition similar to those released in nature. Pine needles seem to have higher allelopathic activity in fresh tissue, moderate activity in senescing tissue, and low activity in decaying pine needles [START_REF] Nektarios | Allelopathic effects of Pinus halepensis needles on turfgrasses and biosensor plants[END_REF]. In addition, P. halepensis needle litter also negatively affects herbaceous plants [START_REF] Nektarios | Allelopathic effects of Pinus halepensis needles on turfgrasses and biosensor plants[END_REF], but has no effect on other species-e.g., Quercus ilex [START_REF] Broncano | Seed germination and seedling performance of two Mediterranean tree species, holm oak (Quercus ilex L.) and Aleppo pine (Pinus halepensis Mill.): a multifactor experimental approach[END_REF] or Pistacia lentiscus [START_REF] Maestre | Mechanisms underlying the interaction between Pinus halepensis and the native late-successional shrub Pistacia lentiscus in a semi-arid plantation[END_REF].

Secondary coumpouds are recalcitrant to decomposition [START_REF] Vitousek | Ecological succession and nutrient budgets: A citation classic commentary on ecosystem succession and nutrient retention, a hypothesis[END_REF]. As this constitutes one significant way for allelochemicals to enter the environment [START_REF] Rice | Allelopathy. 2nd Ed GB[END_REF], they can directly influence microbial activity [START_REF] White | Monoterpenes-Their effects on ecosystem nutrient cycling[END_REF], and soil productivity [START_REF] Bloom | Indirect effects of black spruce (Picea mariana) cover on community structure and function in sheep laurel (Kalmia angustifolia) dominated heath of eastern Canada[END_REF]. P. halepensis forests are prone to accumulate relatively thick needle layers below their canopy [START_REF] Garciaple | Litter fall and decomposition in a Pinus-halepensis forest on Mallorca[END_REF] and would seem to have the potential to influence biotic interactions in litter [START_REF] Inderjit | Bioassays and field studies for allelopathy in terrestrial plants: Progress and problems[END_REF] and plant dynamics through allelopathic interactions and mechanical effects on seedling recruitment [START_REF] Fernandez | Regeneration failure of Pinus halepensis Mill.: the role of autotoxicity and some abiotic environnemental parameters[END_REF][START_REF] Navarro-Cano | Pine plantation bands limit seedling recruitment of a perennial grass under semiarid conditions[END_REF].

Our previous data showed that young needles and old roots were responsible for most of the allelopathic and autotoxic interactions [START_REF] Fernandez | Potential allelopathic effect of Pinus halepensis in the secondary succession, an experimental approach[END_REF][START_REF] Fernandez | Regeneration failure of Pinus halepensis Mill.: the role of autotoxicity and some abiotic environnemental parameters[END_REF]; Table 2). The present investigation gives more detail on the principal compounds in both young needles and old roots known to be allelopathic-i.e., sinapic and caffeic acids (phenolic acids) (Table 1) even if both are in low concentrations in P. halepensis leachates compared to other compounds (Table 1). Mixtures of phenolic acids and other organic compounds can cause inhibitory effects even though the concentration of individual compounds are well below inhibitory levels [START_REF] Blum | Allelopathic interactions involving phenolic acids[END_REF]. Caffeic acid (CA) had higher concentrations in both young needles and old roots. This acid is ubiquitous in plants. As with most cinnamic acids, caffeic acid is implicated in many biological interactions [START_REF] Batish | Caffeic acid affects early growth, and morphogenetic response of hypocotyl cuttings of mung bean (Phaseolus aureus)[END_REF] including allelopathy [START_REF] Rice | Allelopathy. 2nd Ed GB[END_REF]) and microbial interactions [START_REF] Harrison | Quantity and potential biological activity of caffeic acid in sweet potato [Ipomoea batatas (L.) Lam.] storage root periderm[END_REF]). This compound induces stress in plants, alters physiological and resulting biochemical reactions, and detrimentally impacts plant growth. It is a potent root growth inhibitor [START_REF] Gallet | Allelopathic potential in bilberry-spruce forestsinfluence of phenolic-compounds on spruce seedlings[END_REF][START_REF] Barkosky | Caffeic acid-induced changes in plant-water relationships and photosynthesis in leafy spurge Euphorbia esula[END_REF], and disrupts plantwater relationships and photosynthesis [START_REF] Barkosky | Caffeic acid-induced changes in plant-water relationships and photosynthesis in leafy spurge Euphorbia esula[END_REF]. This phenolic acid changes protease, peroxidase, and polyphenol oxidase activities in root development [START_REF] Batish | Caffeic acid affects early growth, and morphogenetic response of hypocotyl cuttings of mung bean (Phaseolus aureus)[END_REF]) and either interfers with absorption of potassium and phosphorus [START_REF] Glass | Influence of phenolic acids upon ion uptake .3. Inhibition of potassium absorption[END_REF], or depolarizes cell membranes in roots [START_REF] Glass | Influence of phenolic acids on ion uptake .4. Depolarization of membrane-potentials[END_REF]. Caffeic acid has many biological activities and may play a key role in giving P. halepensis a competitive advantage over other plants.
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 12 Fig. 1 Two-dimensional mapping of the Principal Component Analysis performed for chemical compounds from different age and organs of Pinus halepensis (Y: young <15 years; M: middle age±30 years; and O: old >60 years) and organ (last letter N: needles; R: roots)

Table 1

 1 Mean concentration (± standard deviation) of compounds in root and needle extracts of Pinus halepensis (ng/ml)

	RI	Common name	Roots			Needles			
			Young	Medium	Old	Young	Medium	Old	F	P	Sign
	Monoterpenes							
	970 α-Pinene*	2.5 (0.4) a 2.1 (0.3) a 2.3 (0.4) a 0.7 (0.1) b 0.7 (0.2) b 0.3 (0.1) b 12.630 0.001 ***
	982								

Table 1

 1 

		(continued)							
	RI	Common name	Roots			Needles			
			Young	Medium	Old	Young	Medium	Old	F	P	Sign
	1595 Guaiol**	0.4 (0.3) a 14.7 (11.0)	5.4 (3.5) a 11.8 (2.7) a 10.9 (2.4) a 7.1 (1.5) ba 1.06	0.397 ns
				a					

Table 2

 2 Sensitivity of several target species to the highest dose of Pinus halepensis extracts from roots and needles and stand age (Y: young < 15 years old, M: medium aged, O: old aged, >60 years old, S: senescent, D: decaying)

	Target	Target type	Roots/	Roots/	Roots/	Needles/	Needles/	Needles/	Needles/	Needles/	References
	species		Y	M	O	Y	M	O	S	D	
	Lactuca	herbaceous/	Ge 0	Ge 0	Ge 0	Ge 0	Ge 0	Ge 0			Fernandez
	sativa	target reference	Gr 0	Gr -	Gr--	Gr +	Gr ++	Gr ++			et al. 2006
	Linum	herbaceous/	Ge--	Ge -	Ge--	Ge--	Ge -	Ge--			Fernandez
	strictum	wild species	Gr -	Gr--	Gr--	Gr---	Gr -	Gr -			et al. 2006
	Festuca	herbaceous/					Gr---		Gr--	Gr -	Nektarios
	arundinacea	wild species									et al. 2005
	Cynodon	herbaceous/					Gr---		Gr--	Gr -	Nektarios
	dactylon	wild species									et al. 2005
	Avena sativa	herbaceous/					Gr---		Gr--	Gr -	Nektarios
		wild species									et al. 2005
	Pinus	tree/germination	Ge -		Ge--	Ge--		Ge -			Fernandez
	halepensis	stage	Gr -		Gr -	Gr 0		Gr -			et al. 2008
	Pinus	tree/				Gr--					Monnier
	halepensis	sapling stage									et al. 2008
	Quercus	tree/				Gr 0					Monnier
	pubescens	sapling stage									et al. 2008

GE: GERMINATION; GR: GROWTH; 0: NO EFFECT;-: NEGATIVE EFFECT;+: POSITIVE EFFECT.
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