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Abstract
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The recent discovery of natural truffle grounds of the prized Tuber magnatum Pico in Sicily
(southern Italy) allows to up-to-date the ecology and distribution of this choice edible mush-
room in Italy and opens new economic opportunities in rural areas traditionally suffering from
the economic point of view. The two new localities reported expand the southern range border
of the species in Italy and Europe.
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Introduction

Distributional and ecological information about 7uber species is usually very limited in
mycological studies. Detection of such hypogeous fungi in Italy is only possible using
dogs trained (Venturella & al. 2011) and in accordance with the rules laid down in the
National Law 16 December 1985, no. 752.

Tuber magnatum is considered a typically Italian truffle. However it is also pres-
ent in some restricted areas of Croatia (Bragato & al. 2004), Switzerland (Ticino),
Slovenia, Serbia, Romania and Hungary (Bratek & al. 2007; Hall & al. 1998). In Italy
T magnatum grows mainly in Piedmont, Marche, Tuscany, Emilia Romagna, Abruzzo
and Molise but was also found in Liguria, Umbria, Lazio, Veneto, Campania and
Basilicata (Zambonelli & al. 2012).

For several years, research on the white truffles in Italy have been extended also to
the southern regions in search of new natural truffle grounds to be exploited for eco-
nomic purposes. A particular attention has been paid to the territory of Sicily and the
forest ecosystems that, for floristic composition and soil type, are similar to those of
growth of white truffles in northern and central Italy. According to Zambonelli & al.
(2014) the current number of Tuber species in Sicily is 14. In particular the edible truf-
fles Tuber aestivum Vittad, T. borchii Vittad., T. macrosporum Vittad. and, T. mesen-
tericum Vittad. were recorded by Venturella & Bencivenga (1999), Venturella & al.
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(2004) and Venturella & al. (2006) in different forest ecosystems of Sicily. This paper
deals with the first finding of 7. magnatum in Sicily that allows to provide an updated
overview on the distribution and ecology of this species in Italy and Europe too.
Preliminary considerations on the economic potential that its exploitation could repre-
sent for the truffle market in Italy are also provided.

Materials and methods

The truffles hunting were made in different seasons of the year 2013 with dogs trained.
We visited randomly different forest ecosystems of the Sicilian territory. The morphologi-
cal analysis was based on fresh ascomata and was performed in the Laboratory of
Mycology of the Department of Agricultural and Forest Sciences (University of Palermo,
Italy). The macroscopic and microscopic features were evaluated according to Trappe &
Castellano (1991) with a Leica MSS5 binocular microscope and a Leica DLMB microscope
using tap water. In particular we evaluate the truffle surface, the flesh, the characteristics
of fertile and sterile veins, the size and shape of asci and of ascospores and, the ascospores
ornamentation. Species identification was carried out on the basis of the Tuberkey
(Zambonelli & al. 2000) and of Italian truffle monographies (Montecchi & Sarasini, 2000;
Ceruti & al. 2003). The dried herbarium specimens are kept in the Herbarium SAF of the
Department of Agricultural and Forest Sciences (University of Palermo, Italy), in the
Herbarium of the Associazione Micologica Bresadola (group of Catania, Sicily) and the
personal herbarium of one of the authors (G. Vasquez). Herbarium samples are also avail-
able in the Laboratory of Mycology of the Department of Agricultural Sciences in Bologna
(CMI-Unibo). The nomenclature of truffles follow Index Herbariorum while the nomen-
clature of vascular plants is referred to IPNI (International Plant Names Index).

Results

Ascomata of Tuber magnatum (Figs. 1-3) were found in the southern slopes of Monti
Erei, a mountain chain located in the province of Enna (central Sicily) (Fig. 4). On 10
November 2013, ripe ascomata of 7. magnatum were collected by G. Vasquez in Vallone
Contrada Leano, belonging to the municipality of Piazza Armerina, in a wood of Populus
alba L. mixed to Corylus avellana L., Quercus virgiliana Ten. and, Eucalyptus camaldu-
lensis Dehnh. The natural white truffle ground is located at 610 m a.s.l. on sand-silty soil
with a pH of 7.5. Another white truffle ground was discovered by G. Vasquez on 23
October 2013 in Contrada Bosco di Bubudello (670 m a.s.l.), belonging to the municipal-
ity of Enna, in a wood, evolved on sand-silty soil with a pH of 7.3, of Populus alba L.
mixed to Quercus cerris L., Q. ilex L. and, Q. pubescens Willd. with shrubs of Cistus salv-
ifolius L. and C. creticus L. in the groundcover (Fig. 5). The two localities are character-
ized by a typically Mediterranean climate and particularly to the thermo-Mediterranean
and meso-Mediterranean types (Walter & Lieth 1960) with a dry period of 4-5 months.
The natural white truffle grounds are close to the weather station of Piazza Armerina (697
m a.s.l.) which reports a mean monthly temperature of 14.9 and a mean monthly rainfall
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Fig. 1. Ascoma of 7. magnatum (photo G. Vasquez).

of 678.0 mm. According to De Martonne (1926) the aridity index (IDM) is 27.2. In the two
localities of growth of 7. magnatum an important role in overcoming the prolonged dry
period is played by the presence of a permanent water table at the free surface with a depth
varying between 40 and 60 meters.

Discussion

The discovery of two new productive localities of 7. magnatum represent an impor-
tant result suitable for scientific studies and the exploitation of the resource “truffle” in

Figs. 2-3. Ascospores of 7. magnatum (100%) in cotton blue stain (photo M. Dollo, left) and in water
(40x) (photo G. Vasquez, right).



242 Vasquez & al.: New distributive and ecological data on Tuber magnatum ...

Localities of growth

Fig. 4. Localities of growth of 7 magnatum in Sicily.
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Fig. 5. Habitat of 7. magnatum: reaforestation with Populus alba (photo G. Vasquez).
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Italy. That assumes particular relevance in a local context such as that of the Italian ter-
ritory characterized by a more frequent hydro-geological instability and a progressive
loss of environmental resources, with serious repercussions also from the economic
point of view. The new findings take value from the point of view of ecology and dis-
tribution of white truffles at European level. In fact it is known that 7. magnatum is a
species of limited geographical distribution (Mello & al. 2005) and, recently, some
authors also highlighted the importance to establish the southernmost and northernmost
borders of white truffle grounds in different countries (Bratek & al. 2007; Figliuolo &
al. 2013; Pomarico & al. 2007; Puliam 2000). The two white truffle grounds located in
the Sicilian inland expand the southern range border of the species in Italy and Europe.
The new findings also contribute to broaden the knowledge on the ecology of 7. mag-
natum in Italy. It could be useful also for claryfing the obscure points regarding its sym-
biotic relationships (Leonardi & al. 2013). The inland areas of Sicily are usually char-
acterized by clay soils while in the white truffle grounds of Vallone Contrada Leano and
Contrada Bosco di Bubudello the soils are looser with a mixed composition of sand and
silt. The soil type is therefore different from the marly limestone and marly-clay soil
type of northern Italy which are considered suitable for the growth of 7. magnatum. The
soils of the Sicilian localities of 7. magnatum are more similar to those of upper Sinni
area (Serrapotamo) in Basilicata (southern Italy) reported by Figliuolo & al. (2013). In
Vallone Contrada Leano the vegetation is not very different from that other Italian
regions and the presence of non-native species (i.e. Eucalyptus camaldulensis) does not
adversely affect the growth of the white truffle as is the case in some white truffle
grounds of Emilia Romagna (Zambonelli & al. 2014). The plant species composition of
Contrada Bosco di Bubudello instead highlights the adaptability of the white truffle also
to the arid Mediterranean environment for the presence of evergreen or semi-evergreen
trees and shrubs mixed to Populus alba and Quercus cerris.

The discovery of natural truffle grounds of the prized 7. magnatum in Sicily also
opens new economic opportunities in rural areas traditionally suffering from the eco-
nomic point of view. In fact it is known that the discovery of new species of edible
mushrooms and/or the characterization of critical taxonomic groups can provide impor-
tant perspectives from the economic and the industrial point of view (Stadler & al. 2004;
Venturella & al. 2002; Zotti & al. 2013). The collection and trading of truffles as well as
the cultivation of choice species could contribute at providing valuable solutions both in
financial and environmental terms (Varese & al. 2011).

References

Bragato, G., Sladonja, B. & Persuri¢ D. 2004: The soil environment for Tuber magnatum growth in

Motovun Forest, Istria. — Nat. Croat. 13( 2): 171-185.

Bratek, Z., Gogan, A., Halasz, K., Bagi, 1., Erdei, V. & Bujaki, G. 2007: The northernmost habitats
of Tuber magnatum known from Hungary. — Pp. 28-30 in: First Hypogean Mushroom
Conference, Rabat, Morocco,6-8 April 2004.

Ceruti, A., Fontana, A. & Nosenzo, C. 2003: Le specie del genere Tuber. Una revisione storica.
— Torino.



244 Vasquez & al.: New distributive and ecological data on Tuber magnatum ...

De Martonne, E.M. 1926: Une nouvelle fonction climatologique: 1’indice de aridité. — Meteorologie
2: 449-458.

Figliuolo, G., Trupo, G. & Mang, S. 2013: A realized Tuber magnatum niche in the upper Sinni area
(south Italy). — Open J. Genet. 3 (2): 102-110. doi: 10.4236/0jgen.2013.32013

Hall, 1. R., Zambonelli, A. & Primavera, F. 1998: Ectomycorrhizal fungi with edible fruiting bodies
3.Tuber magnatum, Tuberaceae. — Econ. Bot. 52(2): 192-200.

Leonardi, M., Iotti, M., Oddis, M., Lalli, G, Pacioni, G., Leonardi, P., Maccherini, S., Perini, C.,
Salerni, E. & Zambonelli, A. 2013: Assessment of ectomycorrhizal fungal communities in the
natural habitats of Tuber magnatum (Ascomycota, Pezizales). — Mycorrhiza 23: 349-358. doi:
10.1007/s00572-012-0474-7

Mello, A., Murat, C., Vizzini, A., Gavazza, V. & Bonfante, P. 2005: Tuber magnatum Pico, a species
of limited geographical distribution: its genetic diversity inside and outside a truftle ground. —
Environ. Microbiol. 7(1): 55-65. doi. 10.1111/j.1462-2920.2004.00678.x

Montecchi, A. & Sarasini, M. 2000: Funghi Ipogei d’Europa. — Trento.

Pomarico, M., Figlivolo, G. & Rana, G.L. 2007: Tuber spp. Biodiversity in one of the
Southernmost European Distribution Areas. — Biodiv. Conserv. 16: 3447-3461. doi:
10.1007/S10531-006-9013-1

Puliam, H.R. 2000: On the relationship between niche and distribution. — Ecol. Lett. 3: 349-361. doi:
10.1046/J.1461-0248.2000.00143 x.

Stadler, M, Wollweber, H, Jager, W, Briegert, M, Venturella, G, Castro, J.M. & Tichy, H.V., 2004:
Cryptic species related to Daldinia concentrica and D. eschscholzii, with notes on D. bakeri.
— Mycol. Res. 108(3): 257-273. doi: 10.1017/S0953756204009335

Trappe, J.M. & Castellano, MA. 1991: Keys to the genera of truffles (4scomycetes). — Mcllvainea
10: 47-65.

Varese, G.C., Angelini, P., Bencivenga, M., Buzzini, P., Donnini, D., Gargano, M.L., Maggi, O.,
Pecoraro, L., Persiani, A.M., Savino, E., Tigini, V., Turchetti, B., Vannacci, G., Venturella, G. &
Zambonelli, A. 2011: Ex situ conservation and exploitation of fungi in Italy. — P1. Biosyst.
145(4): 997-1005. doi: 10.1080/11263504.2011.633119

Venturella, G. & Bencivenga, M. 1999: Distribution and ecology of Tuber borchii in Sicily. — Doc.
Mycol. 29: 59-61.

—, Zervakis, G. & Saitta, A. 2002: Pleurotus eryngii var. thapsiae var. nov. from Sicily. —
Mycotaxon 81: 69-74.

—, Saitta, A., Sarasini, M., Montecchi, A. & Gori, L. 2004: Contribution to the knowledge of hypo-
geous fungi from Sicily (S-Italy). — Fl. Medit. 14: 275-284.

—, Pecorella, E., Saitta, A., Zambonelli, A. & Morara, M. 2006: Ecology and distribution of hypo-
geous fungi from Sicily (southern Italy). — Cryptogamie, Mycol. 27: 201-217.

—, Altobelli, E., Bernicchia, A., Di Piazza, S., Donnini, D., Gargano, M. L., Gorjon, S. P., Granito,
V. M., Lantieri, A., Lunghini, D., Montemartini, A., Padovan, F., Pavarino, M., Pecoraro, L.,
Perini, C., Rana, G, Ripa, C., Salerni, E., Savino, E., Tomei, P. E., Vizzini, A., Zambonelli, A.
& Zotti, M. 2011: Fungal biodiversity and in situ conservation in Italy. — P1. Biosyst. 145(4):
950-957. doi: 10.1080/11263504.2011.633115

Walter, H. & Lieth, H. 1960: Klimadiagramm Weltatlas. — Jena.

Zambonelli, A., Perini, C. & Pacioni, G. 2012: Progetto MAGNATUM. Monitoraggio delle Attivita
di Gestione delle Tartufaie Naturali di Tuber magnatum. Risultati e consigli pratici. — Cesena.

—, Donnini, D., Rana, GL., Fascetti, S., Benucci, GM.N., Iotti, M., Morte, A., Khabar, L.,
Bawadekji, A., Piattoni, F., Compagno, R. & Venturella, G. 2014: Hypogeous fungi in
Mediterranean maquis, arid and semi-arid forests. — Pl. Biosyst. 148(2): 950-957. doi:
10.1080/11263504.2013. 877537



Flora Mediterranea 24 — 2014 245

—, Rivetti, C., Percudani, R. & Ottonello, S. 2000: TuberKey: a delta-based tool for the description
and interactive identification of truffles. — Mycotaxon 74(1): 57-76.

Zotti, M., Persiani, A.M., Ambrosio, E., Vizzini, A., Venturella, G., Donnini, D., Angelini, P., Di
Piazza, S., Pavarino, M., Lunghini, D., Venanzoni, R., Polemis, E., Granito, V.M., Maggi, O.,
Gargano, M.L., Zervakis, G.I., 2013. Macrofungi as ecosystem resources: Conservation versus
exploitation. P1. Biosyst. 147(1): 219-225. doi: 10.1080/11263504.2012.753133

Address of the authors:

Gianrico Vasquez', Giuseppe Venturella?, Maria Letizia Gargano®, Alessandra
Zambonelli3,

! Associazione Micologica Bresadola, Gruppo di Catania, via Monserrato 110, I-
95128 Catania (Italy), gianricovasquez@hotmail.com

"Department of Agricultural and Forest Sciences, University of Palermo, Viale delle
Scienze, Bld. 4, 1-90128 Palermo (Italy), marialetizia.gargano@unipa.it,
giuseppe.venturella@unipa.it

3Department of Agricultural Sciences, Viale Fanin 46, 1-40127 Bologna (Italy),
alessandr.zambonelli@unibo.it







<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


