Unlike primary metabolites, which are essential for plant development and growth, the secondary metabolites perform special functions such as attracting pollinators, protecting plants against biological enemies and other forms of resistance to adverse factors. Although most of these natural products are involved in the interaction and plant defense against animals, certain substances such as terpenoids, play a mix role because they have attractants or deterrent properties over insects or herbivores, or act as a survival factor in xerophytic plants. Despite that morphological changes are the ​​most apparent and best studied facts, recently is deepening in the joint study of different kinds of anatomical, physiological and biochemical adaptative characteristics. Within phytochemistry, the study of the variability in the qualitative and quantitative composition of essential oils from aromatic plants as an adaptive response to environmental conditions, is gaining significant importance. Furthermore, the analysis of the essential oil of different species within the same genus is a complementary tool to the taxonomic system where there are discrepancies depending on the author.

The aim of this work is to provide phytochemical data to elucidate taxonomic problems within Satureja L. genus in the Iberian Peninsula, its relationship with ecological factors and to determine biological applications of their essential oils as herbicide, fungicide and antioxidant.

For this, between June 2009 and March 2010, plant material of nine biogeographical area representative populations of Satureja L. in Valencia was collected. This sampling was conducted in each of the four seasons, due to the seasonality of the Mediterranean climate.

Fresh plant material was collected and, after a morphological study of the species, we proceeded to the obtention of essential oil by hydrodistillation with a Clevenger type apparatus for three hours. The volatile fraction was analyzed by GC and GC-MS. Identification of different compounds was obtained through its retention time, Kovats index and mass spectra.

The major soil and climatic characteristics for each location were analyzed in order to determine their possible relation with the essential oil composition of the studied populations. Once identified the essential oil components and determined certain ecological factors in the different sampling sites, a statistical analysis of the results was performed to determine possible differences or relationships between them and their contribution to the chemical ecology of the Mediterranean scrub.

Morphology results of the species studied support the taxonomy proposed by Flora Ibérica (2010), which identifies four perennial species in the Iberian Peninsula: S. montana L., S. innota (Pau) G. Lopez, S. cuneifolia Ten. and S. intricata Lange. Both populations of S. montana contain an essential oil rich in carvacrol followed by its biogenetic precursors p-cymene and -terpinene. S. innota species elaborate an essential oil rich in linalool or geraniol according to the place of origin. Both S. cuneifolia and S. intricata species had the oxygenated monoterpene camphor as the major compound of their essential oil, differing both in the amount of this oxygenated monoterpene. Seasonal variation of the essential oils was mainly related to the temperature in all cases, varying significantly along the year the essential oil of the species located in places with more severe weather.

Herbicide, fungicide and antioxidant capacity assays were performed with essential oils that showed a different chemical composition, choosing a single essential oil of S. montana, S. cuneifolia and S. intricata and both essential oils of S. innota.

Herbicidal activity was performed on Amaranthus hybridus L., Portulaca oleracea L. and Conyza canadensis (L.) Cronq. weeds, problematic and prevalent in many cultures. In vitro assays were performed in germination chambers to assess the effects of the essential oils on the germination and growth of the weeds. Phytotoxic activity of the essential oil depends on the weed, chemical composition and concentration of the essential oils applied. In this way, the essential oil of S. montana, rich in carvacrol, was the most effective against P. oleracea and C. canadensis while S. innota (Sueras) and S. intricata essential oils, with geraniol and camphor respectively as the main oxygenated monoterpenes, were most effective on A. hybridus. This weed was the most sensitive to treatment with essential oils of Satureja L. and P. oleracea the most resistant. 

For in vitro fungicide assays, eleven isolates were tested according to its different taxonomical position and its mode of action. The isolates included three species of the Kingdom Chromista (Oomycota): Phytophthora citrophthora (R.E. & E.H. Sm.) Leonian, P. palmivora (E.J. Butler) E.J. Butler and Pythium litorale Nechw., and eight of the Kingdom Fungi (true fungi): Verticillium dahliae Kleb., Rhizoctonia solani Kúhn, Penicillium hirsutum Dierckx, Colletotrichum gloeosporioides (Penz.) Penz & Sacc., Phaeoacremonium aleophilum W. Gams, Crous, M.J. Wingf. & L. Mugnai, Phaemoniella chlamydospora (W. Gams, Crous, M.J. Wingf. & L. Mugnai) Crous & W. Gams, Cylindrocarpon liriodendri J.D. Macdon. & E.E. Butler and Cylindrocarpon macrodidymum Schroers, Halleen & Crous. In the in vitro mycelial growth assay, S. montana essential oil (carvacrol) was the most effective, while the other essential oils had greater selectivity. P. palmivora was the most sensitive isolated of all tested, followed by P. citrophthora and Pa. chlamydospora, whereas C. gloeosporioides, R. solani, Pe. hirsutum, Py. litorale and V. dahliae were the most resistant to treatment with the different Satureja essential oils assayed, showing only inhibition with S. montana essential oil.

The obtained herbicide and fungicide selectivity depending on the composition of  the essential oil and the isolated or weed on applying it might be interesting in order to use them as selective natural herbicides or fungicides in crop protection.

Finally, S. montana essential oil showed the highest antioxidant activity. This essential oil may be used as a natural antioxidant due to its high phenolic content and could be used as a food preservative.

