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Effects of different organic anti-fungal treatments on tomato plant productivity and selected nutritional components of tomato fruit

Organic farming and horticulture require the use of more environmentally-friendly chemicals to reduce potentially harmful side-effects on producers and on consumer health. Sulphur is one of the most important natural fungicides used in organic farming to protect plants against attack by powdery mildew (Leveillula taurica). The use of natural elicitors to induce natural resistance against fungal diseases may provide an alternative to conventional treatments. In this work, we compared the effects of wettable sulphur and two elicitors (Chitoplant ® and Milsana ® ) on the productivity and nutritional quality of tomato (Solanum lycopersicum L cv. Belladonna). Both elicitors, and a conventional sulphur treatment resulted in a similar degree of protection against powdery mildew. One or more of these three treatments positively affected the concentrations of some natural phytochemicals in tomato fruit (e.g., ascorbic acid, quercetin trisaccharide, quercetin-3-O-rutinoside, ␤-carotene, and potassium) compared with untreated control plants. The minimal environmental impact and absence of any negative side-effects on growers and consumer health may encourage the use of these elicitors in organic farming and horticulture.

E pidemiological studies have indicated a promising link between higher dietary intakes of carotenoids, phenolic compounds, and vitamin C, and lower risks of cardiovascular disease and cancer (e.g., [START_REF] Hertog | Flavonoid intake and long-term risk of coronary heart-disease and cancer in the seven countries study[END_REF][START_REF] Krinsky | Carotenoid actions and their relation to health and disease[END_REF]. The beneficial effects of these compounds in the diet may be related to their antioxidant activity, as supported by both in vitro and in vivo studies [START_REF] Boudet | Evolution and current status of research in phenolic compounds[END_REF][START_REF] Riso | Lycopene and vitamin C concentrations increase in plasma and lymphocytes after tomato intake. Effects on cellular antioxidant protection[END_REF]. There is also growing evidence that phenolic compounds, and their metabolites, have the ability to interact with molecular targets involved in several physiological processes, thereby providing some positive health effects [START_REF] Crozier | Dietary phenolics: chemistry, bioavailability and effects on health[END_REF][START_REF] Nijveldt | Flavonoids: a review of probable mechanisms of action and potential applications[END_REF][START_REF] Peer | Flavonoids as signal molecules: targets of flavonoid action[END_REF].

Tomato (Solanum lycopersicum L.) is one of the most important fruit crops in the World (FAO, 2009) and can be a significant dietary source of the nutritionallyrelevant compounds mentioned above. Consumption of fresh tomato fruit and tomato-based products can provide up to 85% of the required daily dietary intake of lycopene [START_REF] Bramley | Is lycopene beneficial to human health?[END_REF]. Furthermore, tomato fruit can be a dietary source of several phenolic compounds such as flavonoids and phenolic acids, mainly 5-caffeoylquinic acid (chlorogenic acid), naringenin chalcone, quercetin-3-O-rutinoside (rutin), quercetin trisaccharide, and kaempferol-3-O-rutinoside [START_REF] Gómez-Romero | Metabolite profiling and quantification of phenolic compounds in methanol extracts of tomato fruit[END_REF]. Tomato fruit are also a source of several essential mineral elements, especially potassium (K) which helps to regulate blood pressure [START_REF] Suter | Nutritional factors in the control of blood pressure and hypertension[END_REF]. Some of these biologically-active compounds can interact positively [START_REF] Fuhrman | Lycopene synergistically inhibits LDL oxidation in combination with vitamin E, glabridin, rosmarinic acid, carnosic acid, or garlic[END_REF], making tomato a nutritionally-valuable food.

The excessive use of synthetic fungicides to control diseases in tomato plants can have significant effects on the environment, consumers, and farmer health [START_REF] Tripathi | Exploitation of natural products as an alternative strategy to control postharvest fungal rotting of fruit and vegetables[END_REF]. Sulphur is one of the most important fungicides used in organic farming to protect plants against attack by powdery mildew (Leveillula taurica). Organic farming has been claimed to produce fruit with higher phenolic contents compared with conventionallyproduced tomatoes [START_REF] Mitchell | Ten-year comparison of the influence of organic and conventional crop management practices on the content of flavonoids in tomatoes[END_REF]. More recently, the use of natural elicitors has been proposed as an alternative to sulphur due to their capacity to induce natural resistance to plant pathogens without any undesirable side effects [START_REF] Benhamou | Elicitor-induced plant defence pathways[END_REF].

Milsana ® is a plant extract obtained from giant knotweed (Fallopia sachalinensis F. Schmidt) and provides some control against several fungal pathogens in tomato, including powdery mildew [START_REF] Konstantinidou-Doltsinis | Efficacy of Milsana ® , a formulated plant extract from Reynoutria sachalinensis, against powdery mildew of tomato (Leveillula taurica)[END_REF]. Several reports have indicated that Milsana ® improves the accumulation of flavonoids in cucumber [START_REF] Daayf | Induction of phenolic compounds in two cultivars of cucumber by treatment of healthy and powdery mildew-infected plants with extracts of Reynoutria sachalinensis[END_REF][START_REF] Mcnally | A standardized methodology for the study of induced glycosylated plant phenolics[END_REF] and increases the synthesis of chalcone synthase and chalcone isomerase, two key enzymes in the flavonoid biosynthetic pathway [START_REF] Fofana | Milsana ®induced resistance in powdery mildew-infected cucumber plants correlates with the induction of chalcone synthase and chalcone isomerase[END_REF].

Chitosan is an insoluble cationic polysaccharide of high molecular weight, usually extracted from crustacean Effects of organic anti-fungals on tomato productivity and quality shell waste, which has been claimed to control fungal proliferation in tomato crops [START_REF] Bautista-Baños | Chitosan as a potential natural compound to control pre and postharvest diseases of horticultural commodities[END_REF]. Chitosan treatment enhanced the content of phenolic compounds in post-harvest tomato fruit and elicited a specific anti-fungal activity [START_REF] Benhamou | Induction of resistance against Fusarium wilt of tomato by a combination of chitosan with an endophytic bacterial strain: ultrastructure and cytochemistry of the host response[END_REF][START_REF] Liu | Effects of chitosan on control of postharvest diseases and physiological responses of tomato fruit[END_REF].

Although Milsana ® (Biofa AG, Münsingen, Germany) and Chitoplant ® (a commercial formulation rich in chitosan; ChiPro GmbH, Bremen, Germany) have been proposed as acceptable organic alternatives for pest management, their effects on the production and nutritional quality of tomato fruit have not been examined. The objective of this work was to evaluate the influence of wettable sulphur, Milsana ® , and Chitoplant ® on the development of powdery mildew, and on plant growth, crop yield, and selected nutritional compounds in greenhouse-grown tomato fruit compared with untreated control plants.

MATERIALS AND METHODS

Plant material

Two greenhouse experiments were established in parallel at the Benaki Phytopathological Institute (BPI, Athens, Greece) and at the Technological Educational Institute (TEI) of the Ionian Islands (Kefalonia, Greece). 'Belladonna' tomato seedlings were transplanted in 20 l pots. The substrate used for plant growth contained a 49.6 : 49.6 : 0.8 (v/v/v) mix of peat moss, vermiculite and limestone, with 58.0 mg g -1 KNO 3 , 116.0 mg g -1 MgSO 4 , 3.17 mg g -1 chelated Fe-EDTA, and 1.29 mg g -1 Na 2 B 4 O 7 •10H 2 O (borax). Fertigation was initiated 1 d after transplanting. The electrical conductivity of the fertigation solution was measured and ranged between 0.30 -0.35 mS cm -1 . The nutrient solution was applied to the plants via a drip irrigation system in both experiments.

Pollinating bumblebees (Bombus terrestris) were introduced when approx. 50% of the flowers on the first truss were open. Hives were removed from the greenhouse before treatment, and brought back to the greenhouse 1 d after spraying. Plants were visually monitored for any symptoms of disease or pests. Four different treatments were applied separately as a foliar spray to each of three plants: (i) Milsana ® 3 ml l -1 (Milsana ® treatment); (ii) Chitoplant ® 99.9% wettable powder (WP) at 0.5 g l -1 (Chitosan treatment); (iii) sulphur 80% WP at 2.5 g l -1 (Sulphur treatment); or (iv) water (Control treatment). At each experimental location, plants were arranged in a completely randomised block design with four plots (three plants per treatment per plot) and six replicate blocks.

Plant height (from the cotyledons to the last fullyexpanded true leaf) and the number of flowers per inflorescence (total and open) were measured at harvest. Disease development was assessed only in the Kefalonia experiment, as the Athens experiment was completely disease-free. The level of infection by L. taurica was measured by assessing the percentage of the total tomato leaf area per plant affected by powdery mildew symptoms. Disease severity was measured on the first 15 leaves on all three plants in each plot (n = 45 per plot) according to the European and Mediterranean Plant Protection Organisation (EPPO, 2010). The percentage data for powdery mildew infection were transformed to an Area Under the Disease Progress Curve (AUDPC) value.

Fruit (n = 24) from one plant per plot were harvested at maturity-stage 10 (commercial ripeness; CTIFL, 2007), vacuum packed in aluminium foil bags, stored at -80ºC, and analysed for nutritional compounds within 2 months. Each sample was analysed in duplicate.

Analysis of carotenoids

Carotenoid analysis followed the method of [START_REF] Khachik | Effect of food preparation on qualitative and quantitative distribution of major carotenoid constituents of tomatoes and several green vegetables[END_REF] with slight modifications. Briefly, each tomato fruit was homogenised in a blender and immediately weighed, then combined with dry magnesium carbonate powder [10% (w/w) of tomato fresh weight (FW); Sigma-Aldrich, Munich, Germany], an internal standard (0.2 ml of 0.46 mg ml -1 ␤-apo-8'carotenal; Sigma-Aldrich) and 50 ml of 99.5% (v/v) tetrahydrofuran (12.3 M THF; Merck, Darmstadt, Germany). Extraction was carried out under N 2 flux in an ice bath. The extract was filtered through Whatman No 1 paper and the solid material was extracted twice more with THF until the filtrate was colourless. The combined THF extracts were concentrated to a final volume of approx. 50 ml on a rotary evaporator and partitioned into 25 ml of 99.8% (v/v) dichloromethane (DCM) stabilised with 4.54 mM butylated hydroxytoluene (BHT) and 25 ml of 1.71 M NaCl. The aqueous layer was further extracted with 25 ml of 4.54 mM BHT in 99.8% (v/v) DCM to recover all carotenoids. The organic layers were combined, concentrated on a rotary evaporator and finally dried under N 2 flux. The residue was dissolved in a 15:30:55 (v/v/v) mix of THF:acetonitrile:methanol and filtered through a 0.45 µm filter.

All solvents used were of high performance liquid chromatography (HPLC) grade (Merck). Analytical separation of the carotenoid extracts was achieved under isocratic conditions in an HPLC equipped with a binary HPLC pump (Model 1525; Waters, Milford, MA, USA), a C 18 reverse-phase column (Vydac 201TP54; 4.6 mm id ϫ 250 mm; 5 µm particle size; Grace, Sint-Niklaas, Belgium) held at 22ºC (JetsreamII plus thermo-stated column compartment; Duratec Analysentechnik GmbH, Hockenheim, Germany), a guard cartridge, and a photodiode array detector (Model 2996; Waters). The mobile phase was an 84:15:1 (v/v/v) mix of acetonitrile:methanol:DCM. Identification of peaks was carried out by comparing their UV-visible spectra and retention times with pure standards for lycopene (470 nm), ␤-carotene (450 nm), lutein (445 nm; Sigma-Aldrich), phytofluene (348 nm), and phytoene (286 nm; Carote Nature, Ostermundigen, Switzerland).

Analysis of mineral and trace elements

Each tomato was homogenised and freeze-dried. One g of freeze-dried tomato fruit sample was dry digested at 550ºC to produce a white-ash residue. The residue was dissolved in 2.0 ml of 30% (v/v) hydrochloric acid (Merck) and quantitatively diluted to a final volume of 25 ml with double-distilled water. Analyses were carried out in an air-acetylene flame spectrometer (Analyst 800; Perkin-Elmer, Waltham, MA, USA) following the manufacturer's protocols recommended for each mineral.

Comment citer ce document : Ribas-Agusti, A., Bouchagier, P., Skotti, E., Erba, D., Casiraghi, C., Sárraga, C., Castellari, M. (Auteur de correspondance) (2013). Effects of different organic anti-fungal treatments on tomato plant productivity and selected nutritional components of tomato fruit. The Journal of Horticultural Science andBiotechnology, 88 (1), 67-72 Mineral contents were determined in relation to external standard curves using standard solutions of 0.5, 1.0, 2.0, 3.0, and 4.0 mg l -1 Ca(NO 3 ) 2 , 0.05, 0.10, 0.20, 0.30, and 0.40 mg l -1 Mg(NO 3 ) 2 , 0.25, 0.50, 0.75, and 1.00 mg l -1 NaNO 3 , 0.5, 1.0, 1.5, and 2.0 mg l -1 KNO 3 , 0.2, 0.4, 0.6, and 0.8 mg l -1 Zn(NO 3 ) 2 , 0.5, 1.0, 2.0, 3.0, 4.0, and 5.0 mg l -1 Fe(NO 3 ) 3 , and 0.2, 0.5, 1.0, 1.5, and 2.0 mg l -1 Cu(NO 3 ) 2 . All standard solutions were prepared by diluting certified standard solutions (CertiPur) of the elements at 1.0 mg l -1 (Merck) in distilled water, except phosphorus, for which the potassium phosphate dibasic salt was used (Merck).

Phosphorus was measured using a colourimetric method and the vanadate-molybdate reagent [START_REF] Fiske | The colorimetric determination of phosphorus[END_REF].

Analysis of total ascorbic acid contents

Total ascorbic acid contents were measured following the method of [START_REF] López | Note: Quantification of ascorbic acid and dehydroascorbic acid in fresh olives and in commercial presentations of table olives[END_REF] with minor modifications. One g of ground tomato fruit sample was blended in 9 g of 6% (w/v) HPO 3 (Sigma-Aldrich) containing 1.0 mM EDTA (Merck). After gentle stirring for 5 min at 4ºC, each sample was centrifuged at 10,000 ϫ g for 10 min at 4ºC. An aliquot of the supernatant (500 µl) was mixed with 300 µl of 13.0 mM dithiothreitol (DTT; Sigma-Aldrich) in 200 mM sodium phosphate buffer, pH 7, and 150 µl of 2.5 mM K 2 HPO 4 (Sigma-Aldrich). After 10 min in the dark at room temperature, the reaction was stopped by adding 300 µl 2.0 M H 3 PO 4 . Samples were diluted 1: 10 (v:v) in the mobile phase (0.01 mM H 3 PO 4 in water), filtered through a 0.2 µm nylon membrane, and 5 µl was injected into the HPLC system (Agilent 1100; Agilent Technologies, Palo Alto, CA, USA) equipped with a quaternary pump and diode array detector (DAD; Agilent Technologies). Separation was performed in a Zorbax SBAq (3.0 mm id ϫ 150 mm) column (Agilent) at a flow rate of 0.45 ml min -1 . Detection of ascorbic acid was at 244 nm, and quantification used a standard curve of 0 -170 µM ascorbic acid (Sigma-Aldrich).

Analysis of phenolic compounds

Phenolic acids and flavonoids were analysed according to [START_REF] Gómez-Romero | Metabolite profiling and quantification of phenolic compounds in methanol extracts of tomato fruit[END_REF], with minor modifications. Each tomato fruit sample was minced in a blender-mixer (R401; Robot Coupe, Isleworth, UK) at 1,500 rpm for 1 min in the presence of 1.0 g dry CO 2 ice, and a 5.0 g sample of minced fruit was placed in a centrifuge tube with 20.0 g of cold (4ºC) 100% (v/v) methanol. The tube was sonicated at 0ºC in an ultrasonic bath at 42 KHz and 100 W (J. P. Selecta, Abrera, Spain) and centrifuged at 17,400 ϫ g for 10 min at 4ºC. Aliquots of 7.0 g of the methanolic extract were evaporated to dryness under N 2 flux, dissolved in 1 ml of a 300:697:3 (v/v/v) mix of methanol:water:phosphoric acid, then filtered through a PTFE filter (0.2 µm porosity) prior to HPLC analysis.

HPLC analysis used a Waters HPLC-DAD system equipped with an XBridge BEH Shield RP 18 (4.6 mm id ϫ 150 mm) column with a particle size of 3.5 µm (Waters), maintained at 35ºC. The diode array detector (DAD) range was set at 210 -450 nm. The mobile phase consisted of solvent A [50:947:3 (v/v/v) methanol:water:phosphoric acid] and solvent B [997:3 (v/v) methanol:phosphoric acid]. Elution was performed with a linear gradient from 70% solvent B at 0 min to 35% solvent B at 60 min at a flow rate of 1.1 ml min -1 . Sample vials were kept in the autosampler at 4ºC, and each injected sample volume was 80 µl. Peaks were identified by comparing their retention times and UV spectra with pure commercial standards (Apin Chemicals, Abingdon, UK; Extrasynthèse, Genay, France; Sigma-Aldrich).

Ultra-high performance liquid chromatography (UHPLC) coupled to a DAD and tandem mass spectrometry (MS 2 ) experiments were also carried out to support the identification of several compounds for which no standards were available. The UHPLC-DAD and ESI-MS 2 system consisted of an Acquity UPLC ® chromatographic system (Waters) equipped with a DAD set at the 210 -450 nm range, and a Triple Quadrupole Mass Spectrometer (TQD). The chromatographic separation was carried out using an Acquity Shield RP 18 BEH (1.0 mm id ϫ 150 mm) column with a particle size of 1.7 µm (Waters) at 35ºC. Linear gradient elution was carried out by varying the composition of the mobile phase from an initial 100% solvent A (0.96 M acetonitrile, 26.5 mM formic acid in water) to 72% solvent A and 28% solvent B (11.50 M acetonitrile, 26.5 mM formic acid in water) at 25 min, with a flow rate of 0.130 ml min -1 . Electrospray was operated in the negative polarity (ESI -). MS experiments were carried out in the scan mode, in order to obtain m/z values of the pseudomolecular ions (parent ions). MS 2 experiments were performed in product ion (daughter ions) scan mode to obtain the fragmentation patterns of the pseudomolecular ions. All solvents were of HPLC grade (J. T. Baker, Deventer, The Netherlands).

Analysis of total polyphenols contents

Total polyphenols were evaluated according to the method described by [START_REF] Singleton | Colorimetry of total phenolics with phosphomolybdic-phosphotungstic acid reagents[END_REF], with some modifications. One ml of a methanolic extract (prepared as described above) was added to 3.0 ml water and 0.25 ml 2 M Folin-Ciocalteu reagent (Sigma-Aldrich). After 1 min, the sample was mixed with 2.5 ml of 2.08 M Na 2 CO 3 and 3.25 ml water, and kept for 2 h at room temperature. The absorbance was then measured at 725 nm using an UV-240 Graphicord spectrophotometer (Shimadzu, Kyoto, Japan). Total polyphenols were expressed as caffeic acid equivalents, using a caffeic acid (Sigma-Aldrich) calibration curve.

Ascorbic acid interference in the total polyphenols assay was corrected according to the work of [START_REF] Asami | Comparison of the total phenolic and ascorbic acid content of freeze-dried and air-dried marionberry, strawberry, and corn grown using conventional, organic, and sustainable agricultural practices[END_REF]. Standard stock solutions of ascorbic acid (Sigma-Aldrich) at 114, 170, and 256 µM were analysed for their apparent total polyphenols contents. The ratio between the total polyphenol results and the ascorbic acid contents was 0.52. The interference of ascorbic acid to the total polyphenols values of the tomato fruit samples was adjusted by applying the 0.52 factor to the ascorbic acid values obtained by HPLC and subtracting the result from the total polyphenols contents of the samples.

Statistical analysis

Dependent variables were subjected to one-way analysis of variance (ANOVA) at a significance of P ≤ 0.05. Differences between mean values were evaluated Comment citer ce document : Ribas-Agusti, A., Bouchagier, P., Skotti, E., Erba, D., Casiraghi, C., Sárraga, C., Castellari, M. (Auteur de correspondance) (2013). Effects of different organic anti-fungal treatments on tomato plant productivity and selected nutritional components of tomato fruit. The Journal of Horticultural Science andBiotechnology, 88 (1), 67-72 Effects of organic anti-fungals on tomato productivity and quality with Tukey's test (P ≤ 0.05) using Statistica 6.1 software (Statsoft Inc., Tulsa, OK, USA). Unless noted otherwise, only results significant at P ≤ 0.05 are discussed.

RESULTS

Crop productivity and disease development

There were no significant differences in plant height, flower number, and fruit yield between the four treatments at the BPI or TEI sites (Table I).

Powdery mildew did not develop at BPI. At TEI, powdery mildew developed during the experiment. In this case, the levels of infection were reduced using Chitoplant ® , Milsana ® , or sulphur, compared with the untreated controls (Table I). Milsana ® gave greater protection against powdery mildew than Chitoplant ® , while the effect of sulphur treatment was not significantly different from either of the two elicitors.

Fruit composition

In the absence of the development of powdery mildew at BPI, the Milsana ® , Chitoplant ® , and sulphur treatments produced tomatoes with a higher overall nutritional value compared with fruit from untreated control plants (Table II). Milsana ® and sulphur gave higher levels of ascorbic acid, whereas Chitoplant ® and sulphur resulted in the highest concentrations of quercetin-3-O-rutinoside and quercetin trisaccharide.

Chitoplant ® , Milsana ® , and sulphur treatments gave higher levels of ␤-carotene compared with the untreated controls. Levels of other phenolic compounds and carotenoids were not affected by any of the treatments (Table II). Some mineral element concentrations were affected by the treatments (Table II). Elicitor treatments reduced sodium and iron levels, and increased potassium concentrations, compared with untreated control fruit (Table II).

At TEI, the various treatments influenced the profiles of the target compounds in different ways compared with the BPI experiment (Table III), probably as a consequence of plant responses induced by the proliferation of powdery mildew at the TEI site. Untreated control samples that were less protected against disease generally had the highest levels of antioxidant compounds (Table III). Milsana ® -or Chitoplant ® -treated fruit samples had lower concentrations of ascorbic acid compared with untreated control samples, while the sulphur treatment did not differ from the control treatment in ascorbate content. [START_REF] Willits | Utilization of the genetic resources of wild species to create a non-transgenic high flavonoid tomato[END_REF] showed that the accumulation of naringenin chalcone in tomato fruit suggested an increase in flavonoid biosynthesis. Our results showed that flavonoid biosynthesis was enhanced in untreated control samples, especially when compared with the sulphur treatment, perhaps as a consequence of fungus proliferation. The Milsana ® and Chitoplant ® treatments 70 showed an intermediate behaviour. No statistical difference in naringenin chalcone was observed compared with the other treatments, while naringenin differed from control levels only for the Chitoplant ® treatment. In this experiment, carotenoid metabolism seemed to be unaffected by the different treatments. Lycopene values were higher in the Chitoplant ® -treated samples, but the difference was not significant due to high variability for this parameter in the sample population, perhaps as a consequence of disease development. Chitoplant ® -treated fruit samples had the lowest calcium and the highest zinc contents, compared with the control samples. Copper contents were lower in Milsana ® samples than in the other treatments (Table III).

DISCUSSION

This study examined the effect of separate treatments with sulphur, Milsana ® , or Chitoplant ® on the productivity and chemical composition of greenhousegrown tomatoes at two locations in Greece. The elicitors, Milsana ® and Chitoplant ® , were as effective as wettable sulphur which is one of the most important fungicides applied in organic production to control the development of powdery mildew. The yields of plants treated with the elicitors were not significantly different from those of sulphur-treated plants.

At the BPI site, where no natural powdery mildew developed, the Milsana ® , Chitoplant ® , or sulphur treatments induced higher accumulations of ascorbic acid, quercetin-3-O-rutinoside, quercetin trisaccharide, ␤-carotene, and potassium, than in untreated control fruit. According to [START_REF] Treutter | Managing phenol contents in crop plants by phytochemical farming and breeding -visions and constraints[END_REF], these elicitors probably stimulate the biosynthesis of phenolic compounds, as if they were signalling the presence of a pathogen which would require the activation of plant defence mechanisms. In this regard, foliar spray treatments with Milsana ® or Chitoplant ® in the field elicited the synthesis of flavonoids in tomato fruit, as previously reported in cucumbers treated with Milsana ® in a growth cabinet [START_REF] Fofana | Milsana ®induced resistance in powdery mildew-infected cucumber plants correlates with the induction of chalcone synthase and chalcone isomerase[END_REF], and in stored tomato fruit treated with chitosan [START_REF] Liu | Effects of chitosan on control of postharvest diseases and physiological responses of tomato fruit[END_REF]. However, in our experiment, accumulations of phytochemicals in tomato fruit from plants treated with Milsana ® or Chitoplant ® were equivalent to those obtained in the sulphur treatment.

At the TEI site, where powdery mildew developed, tomato plants were protected against the fungus if Milsana ® or Chitoplant ® had been applied to the leaves. Here, the overall plant productivity results were similar to those observed in sulphur-treated plants. At this site, either elicitor, or sulphur treatment, did not induce any increase in the levels of those chemical compounds measured in fruit, which were generally highest in the untreated control samples. The biosynthesis of antioxidant phytochemicals, especially phenolic compounds, has been identified as a plant defence mechanism against fungal pathogens [START_REF] Treutter | Significance of flavonoids in plant resistance: a review[END_REF]. For example, mycelium formation and sporulation in Podosphaera pannosa, which causes powdery mildew in members of the Rosaceae, were dependent on the intracellular concentrations of phenolic compounds [START_REF] Dewitte | Resistance reactions in rose leaves against powdery mildew (Podosphaera pannosa)[END_REF]. At TEI, the high levels of powdery mildew seen in control plants probably overwhelmed any induction of phenolic compounds caused by Milsana ® or Chitoplant ® treatment. Therefore, the differences in responses between the two sites may be related to the level of occurrence of powdery mildew. As yet, this remains unproven.

These results provide further support for the use of elicitors in organic horticulture and farming, in addition to other possible benefits such as having minimal environmental impact and improved occupational safety compared with other treatments (EPA, 2011;NPIC, 2011). This work was supported by the EU Integrated Project TRUEFOOD (FOOD-CT-2006-016264). Dr. A. Ribas-Agustí received a grant from AGAUR IUE/2658/2007 (Generalitat de Catalunya, Spain). The authors thank Elena Viñas, Mariano Bellelli, and Jessica Bresciani for their technical assistance. 1.0 ± 0.1a 1.1 ± 0.1a 1.1 ± 0.2a 1.4 ± 0.2b Fe 1.9 ± 0.2 2.2 ± 0.9 2.3 ± 0.3 2.5 ± 0.1 Cu 0.9 ± 0.2b 0.8 ± 0.2b 0.5 ± 0.0a 0.8 ± 0.2b † All mean values (n = 6; ± SD) are expressed in mg kg -1 FW of fruit. Mean values in each row followed by different lower-case letters are significantly different at P ≤ 0.05 by Tukey's test. All others are non-significant.
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TABLE I

 I Productivity of untreated (control), or sulphur-, Milsana ® -, or Chitoplant ® -treated tomato plants at BPI (Athens; where no powdery mildew was observed) and at TEI (Kefalonia; where powdery mildew developed) Mean values (n = 18) followed by different lower-case letters are significantly different at P ≤ 0.05 by Tukey's test. All others were non-significant. § AUDPC, Area Under the Disease Progress Curve.

	Site	Parameter	Control	Sulphur	Milsana ®	Chitoplant ®
	BPI	Total number of flowers per truss	5.38	5.38	5.66	5.80
		Number of open flowers per truss Yield (tonnes ha -1 )	1.23 12.28	1.17 12.36	1.26 11.89	1.16 12.07
		Height (cm)	141.90	137.70	139.30	139.40
	TEI	Total number of flowers per truss	10.06	9.80	9.59	9.55
		Number of open flowers per truss Yield (tonnes ha -1 )	4.51 9.71	4.49 10.08	4.21 9.63	4.42 8.20
		Height (cm) Disease severity (AUDPC § )	130.70 128.0 a †	130.20 85.8 bc	128.00 84.1 c	121.90 92.1b
						

† 

TABLE II

 II Compositions of tomato fruit grown at BPI (Athens) after four different foliar spray treatmentsAll mean values (n = 6; ± SD) are expressed in mg kg -1 FW of fruit. Mean values in each row followed by different lower-case letters are significantly different at P ≤ 0.05 by Tukey's test. All others were non-significant.

	Compound	Control	Sulphur	Milsana ®	Chitoplant ®
	Ascorbic acid	105.4 ± 7.7a †	114.8 ± 8.8b	115.4 ± 8.6b	109.6 ± 9.3ab
	Total polyphenols	45.1 ± 12.0	36.9 ± 9.1	44.4 ± 12.4	38.4 ± 9.8
	Quercetin trisaccharide	0.80 ± 0.34a	1.12 ± 0.31b	1.09 ± 0.39ab	1.27 ± 0.40b
	Quercetin-3-O-rutinoside	1.11 ± 0.31a	1.50 ± 0.31b	1.41 ± 0.24ab	1.55 ± 0.35b
	Naringenin	0.81 ± 0.39	0.83 ± 0.27	0.93 ± 0.33	0.84 ± 0.49
	Naringenin chalcone	12.61 ± 3.81	13.48 ± 5.41	15.64 ± 4.36	15.26 ± 10.40
	Kaempferol-3-O-rutinoside	0.09 ± 0.04	0.11 ± 0.04	0.11 ± 0.03	0.11 ± 0.03
	Lutein	0.8 ± 0.2	1.1 ± 0.9	1.4 ± 0.7	1.1 ± 0.6
	␤-Carotene	3.2 ± 0.4a	3.7 ± 0.5b	3.9 ± 0.3b	3.8 ± 0.4b
	Lycopene	39.3 ± 13.3	37.2 ± 9.2	41.1 ± 4.9	42.1 ± 10.5
	Phytofluene	3.3 ± 0.9	3.6 ± 1.5	3.3 ± 0.8	3.7 ± 1.5
	Phytoene	13.1 ± 6.0	12.8 ± 3.8	14.0 ± 4.5	12.6 ± 4.3
	Ca	65 ± 16	70 ± 11	62 ± 10	64 ± 13
	Mg	94 ± 23	75 ± 26	69 ± 14	71 ± 20
	Na	397 ± 107b	264 ± 69a	319 ± 63ab	275 ± 74a
	K	1,644 ± 323a	2,562 ± 478b	2,653 ± 737b	2,466 ± 453b
	P	389 ± 93	358 ± 107	317 ± 113	379 ± 106
	Zn	1.4 ± 0.1	1.3 ± 0.2	1.3 ± 0.1	1.3 ± 0.2
	Fe	2.4 ± 0.2b	2.2 ± 0.5ab	1.9 ± 0.2a	2.0 ± 0.4a
	Cu	0.6 ± 0.2ab	0.8 ± 0.2bc	0.5 ± 0.0b	1.0 ± 0.3c
					

† 

TABLE III

 III Compositionss of tomato fruit grown at TEI (Kefalonia) after four different foliar spray treatments

	Compound	Control	Sulphur	Milsana ®	Chitoplant ®
	Ascorbic acid	148.8 ± 9.5b †	139.4 ± 12.6ab	129.7 ± 9.1a	132.1 ± 9.3a
	Total polyphenols	33.3 ± 15.2	39.4 ± 20.7	32.9 ± 20.7	31.6 ± 17.47
	Quercetin trisaccharide	1.90 ± 0.3	1.90 ± 0.3	1.55 ± 0.4	1.93 ± 0.4
	Quercetin-3-O-rutinoside	3.84 ± 1.1	3.75 ± 0.6	3.50 ± 1.5	3.44 ± 0.7
	Naringenin	1.24 ± 0.3b	0.40 ± 0.1a	0.70 ± 0.3ab	0.59 ± 0.4a
	Naringenin chalcone	22.00 ± 9.8b	5.85 ± 2.8a	10.42 ± 6.4ab	10.78 ± 10.1ab
	Kaempferol-3-O-rutinoside	0.31 ± 0.1	0.30 ± 0.1	0.35 ± 0.2	0.24 ± 0.1
	Lutein	0.9 ± 0.1	0.8 ± 0.3	0.6 ± 0.0	0.6 ± 0.6
	␤-Carotene	3.2 ± 0.8	2.7 ± 0.6	3.1 ± 0.4	3.0 ± 0.3
	Lycopene	25.1 ± 10.5	29.4 ± 15.6	28.2 ± 10.2	37.0 ± 24.0
	Phytofluene	1.8 ± 1.0	1.4 ± 0.4	2.4 ± 0.8	2.2 ± 0.8
	Phytoene	6.4 ± 2.8	5.6 ± 1.3	8.2 ± 1.9	7.5 ± 2.8
	Ca	78 ± 15b	69 ± 13ab	69 ± 7ab	56 ± 0a
	Mg	78 ± 27	82 ± 23	83 ± 15	103 ± 8
	Na	313 ± 42	343 ± 49	362 ± 35	440 ± 140
	K	2,896 ± 1,014	3,179 ± 1,124	2,971 ± 1,636	4,741 ± 50
	P	339 ± 26	311 ± 58	348 ± 46	390 ± 31
	Zn