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Seed germination of the endangered Viola kitaibeliana and other Italian
annual pansies (Viola Section Melanium, Violaceae)

Abstract

Magrini, S. & Zucconi, L.: Seed germination of the endangered Viola kitaibeliana and other
Italian annual pansies (Viola Section Melanium, Violaceae) [In Magrini, S. & Salmeri, C. (eds),
Mediterranean plant germination reports — 2]. Fl. Medit. 30: 424-430. 2020.
http://dx.doi.org/10.7320/FIMedit30.424

Here, successful germination protocols for the following four annual pansies are presented:
Viola arvensis subsp. arvensis, V. hymettia, V. kitaibeliana, and V. tricolor subsp. tricolor. Seeds
were collected mainly in Central Italy (Tuscany, Umbria, and Latium) and in Sicily. The germi-
nation ability was tested at the Tuscia Germplasm Bank (BGT) using several methods for dor-
mancy-breaking. Our results show high germination percentages and germination rate for the
tested species.

Key words: cold stratification, dormancy, priming, Viola arvensis, Viola hymettia, Viola tri-
color.

Introduction

The Sect. Melanium DC. ex Ging. of the genus Viola (the so-called pansies) is a
derived, monophyletic and morphologically well-defined group comprising 125 species,
both perennials and annuals (Marcussen & al. 2015). The genus is basically myrmeco-
chorous but different selective pressures, especially seed predation, have produced a clear
divergence in dispersal systems. Particularly, in the Sect. Melanium diplochory is exhibited
by most species which have evolved a system combining ballistic and ant seed dispersal
(Beattie & Lyons 1975; Beattie 1985). Seeds are brown to dark brown (only immature ones
are pale brown), ovoid to obovoid in shape, all with an elaiosome in the micropylar area
and a conspicuous raphe (Scoppola & Magrini 2019).

Pansy seeds have a physiological dormancy (Baskin & Baskin 1995; 2014), so pre-
treatments for dormancy-breaking like cold stratification and/or hormones are required for
germination. Elaiosome removal from seeds functions as a germination cue in many
ant-dispersed plant species (e.g., Horvitz 1981; Blois & Rockwood 1985; Lobstein &
Rockwood 1993; Ohkawara 2005). Elaiosome is also known to inhibit seed germination
due to the presence of water-soluble inhibitory substances (Sasidharan & Venkatesan
2019). On the other hand, its removal did not improve germination success in Viola striata
Aiton (Lobstein & Rockwood 1993), Viola pedata L. (Gehring & al. 2013), and Viola
pedunculata Torr. & A. Gray. (Franklin & al. 2017), so in our research elaiosomes were not
removed from seeds.
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This paper is part of a larger research on the Sect. Melanium in Europe (e.g. Magrini &
Scoppola 2015a,b,c; Magrini 2019; Scoppola & Magrini 2019). Particularly, research focused
on germination ecology of annual pansies are carried out at the Tuscia Germplasm Bank (BGT)
where seed accessions collected mainly in Central Italy are long term preserved. Here we pres-
ent successful germination protocols of four closely related European pansies occurring in Italy:
first data for V. kitaibeliana Schult. and V. hymettia Boiss. & Heldr., and new data for Italy for
Viola arvensis Murray subsp. arvensis and V. tricolor L. subsp. tricolor.

38. Viola arvensis Murray subsp. arvensis (Violaceae) (Fig. 1a)

Accession data

It: Tuscany. Sarteano (Siena), Mt. Cetona (WGS84: 42.931109°N, 11.875547°E), edge
of stony path on calcareous substrate, 1100 m a.s.l.,, 17 May 2012, 4. Scoppola
(BGT-A-29512, Tuscia Germplasm Bank).

It: Umbria. Norcia (Perugia), Forca d’Ancarano (WGS84: 42.819999°N,
13.117497°E), margin of cultivated field, 1013 m a.s.l., 25 May 2012, A. Scoppola
(BGT-A-29612, Tuscia Germplasm Bank).

It: Latium. Monte San Giovanni in Sabina (Rieti), Mt. Tancia (WGS84: 42.315850°N
12.744658°E), stony grassland on calcareous soil, 1180 m a.s.l., 20 May 2014, A.
Scoppola (BGT-A-28614, Tuscia Germplasm Bank).

1t: Latium. Tivoli (Roma), Acque Albule (WGS84: 41.963056°N, 12.714722°E), dry
grassland on a travertine outcrop, 66 m a.s.l.,, 20 May 2014, S. Magrini (BGT-A-
28913, Tuscia Germplasm Bank).

Germination data

Pre-treatments: sterilization with a solution of 5% sodium hypochlorite + Tween 20 for 5
minutes, followed by 3 rinses in sterile distilled water. Cold-moist stratification for 1
month at 5°C.

Germination medium: 1% agar + 250 mg/l GA,.

Sample size: 100 seeds for each test (20 x 5 replicates).

Germination Thermoperiod Photoperiod Ti: Tso Tmax MTG Accession

llight/dark] [d] [d] [d]  [d] code
100% constant 20°C 12/12h 60 122 240 123 BGT-A-28614
100% constant 20°C 12/12h 70 106 300 173 BGT-A-29512
100% constant 20°C 12/12h 86 136 213 143 BGT-A-29612
95.2% constant 20°C 12/12h 50 96 217 113 BGT-A-28913

Observations
Viola arvensis subsp. arvensis (field pansy) is a Mediterranean-Eurasiatic winter
annual pansy widespread throughout Europe and SW Asia as a weed in cultivated
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fields, in synanthropic habitats, and open shrublands (Scoppola & Magrini 2019).

Germination tests were carried out with or without cold stratification. The effect of
both hydro- and hormo-priming was tested, soaking seeds, respectively, in distilled
water and in a solution of gibberellic acid (250 mg/l) for 24 h at 20°C in darkness.
Seeds were sown on water-agar with or without the addition of gibberellic acid. No
germination was recorded without cold stratification nor for primed seeds, contrarily
to results for hydro-priming (ca. 40%) reported by Rajabalipour & al. (2013). High
germination (> 95%) was obtained at 20°C only with the combination of both cold
stratification and the addition of GA; to the substrate, in accordance with results
reported by Royal Botanic Gardens Kew (2020). Moreover, seeds were sorted into two
colour fractions, pale (immature) and dark brown (mature), to assess seed maturity
effect on germination. Both germination percentage and rate were higher for dark than
pale brown seeds (100% vs 6.7% and Ts,: 9.9 vs 20.0, respectively), confirming that
seed maturity also affects V. arvensis seed germination, as reported for V. wittrockiana
Gams (Agnieszka & Holubowicz 2008).

39. Viola hymettia Boiss. & Heldr. (Violaceae)

Accession data

It: Latium. Viterbo (Viterbo), loc. Asinello (WGS84: 42.401150°N, 12.072031°E), dry
grassland on volcanic soil, 276 m a.s.l., 18 Apr 2018, L. Cracco (BGT-A-48318,
Tuscia Germplasm Bank).

Si:  Piazza Armerina (Enna), Cannarozzo (WGS84: 37.409167°N, 14.380556°E), clea-
ring in a pine forest, 730 m a.s.l,, 21 Mar 2019, R. Galesi (BGT-A-68619, Tuscia
Germplasm Bank).

Germination data
Pre-treatments: sterilization with a solution of 5% sodium hypochlorite + Tween 20 for 5
minutes followed by 3 rinses in sterile distilled water.

Germination medium: 1% agar + 250 mg/l GA,.

Sample size: 100 seeds for each test (20 x 5 replicates).

Photoperiod Ti Tso Tmax MTG

[light/dark] [d] [d] [d] [d] Accession code

Germination Thermoperiod

88.7% constant 15°C 12/12h 6.8 124 223 13.1 BGT-A-48318
84.9% constant 15°C 12/12h 60 88 243 11.7 BGT-A-68619
Observations

Viola hymettia is an annual pansy widespread in the southern Balkans and the
Aegean Islands, quite rare in central and southern Italy and Sicily, linked to stony pas-
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tures, dry open habitats and shrub fringes, mostly on sub-acid soils (Scoppola &
Magrini 2019).

Here we report the first germination data for Viola hymettia. Cold stratification was not
required in accordance with results for V. calaminaria (Ging.) Lej. (Godefroid & Van de
Vyver 2020). The effect of both hydro- and hormo-priming was tested, soaking seeds,
respectively, in distilled water and in a solution of gibberellic acid (250 mg/l) for 24 h at
20°C in darkness and sowing them on water-agar medium. Not primed seeds were sown
on water-agar with the addition of gibberellic acid (250 mg/l). High germination (> 84%)
was obtained at 15°C only for not primed seeds on the substrate with the addition of GA,.
Very low germination was recorded for both hydro- and hormo-primed seeds of all the test-
ed accessions (0-2% and 8-9%, respectively).

40. Viola kitaibeliana Schult. (Violaceae) (Fig. 1b)

Accession data

It: Latium. Nespolo (Rieti), Cerreta (WGS84: 42.162784°N 13.080031E), open grass-
land on calcareous soil, 1000 m a.s.l., 16 Jun 2010, A. Scoppola (BGT-A-14710,
Tuscia Germplasm Bank).

It: Latium. Varco Sabino (Rieti), Mt. Navegna (WGS84: 42.234799°N 12.992089°E),
stony grassland on calcareous soil, 1184 m a.s.l., 2 Jun 2014, A. Scoppola (BGT-A-
28714, Tuscia Germplasm Bank).

It: Umbria. Norcia (Perugia), Forca d’Ancarano (WGS84: 42.819651°N
13.117618°E), stony meadow between fields on calcareous soil, 1010 m a.s.l., 11
May 2012, A. Scoppola (BGT-A-29712, Tuscia Germplasm Bank).

Germination data
Pre-treatments: sterilization with a solution of 5% sodium hypochlorite + Tween 20 for 5
minutes followed by 3 rinses in sterile distilled water.

Germination medium: 1% agar + 1) 250 mg/l GA; and 2) 500 mg/l GA,.

Sample size: 100 seeds for each test (20 x 5 replicates).

Photoperiod Ti Tso Tmax MTG

light/dark] [d] [d] [d] [d] Accession code

Germination Thermoperiod

100%! constant 20°C 12/12h 6.0 122 19.0 12.3 BGT-A-28714

100%? constant 20°C 12/12h 8.0 11.7 173 12.1 BGT-A-14710

93.3%! constant 20°C 12/12h 7.0 11.6 21.7 12.2 BGT-A-14710

80.3%! constant 20°C 12/12h 6.0 58 247 9.8 BGT-A-29712
Observations

Viola kitaibeliana is a winter annual small-flowered pansy extremely rare in Europe
where it is a component of early stages of grasslands, stony slopes, and other open places
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(Randal 2004; Magrini & Scoppola 2015a, 2015b). In particular, it has a highly fragmented
distribution in Italy, where it is endangered. Here we report the first germination data for
this species.

Germination tests were carried out after 0 and 1 month of cold stratification at 5°C.
Seeds were sown on water-agar with the addition of gibberellic acid. No germination
was recorded without cold stratification. High germination (> 80%) was obtained at
20°C only with the combination of both cold stratification and the addition of GA, to
the substrate.

41. Viola tricolor L. subsp. tricolor (Violaceae)

Accession data

It: Latium. Vejano (Viterbo), loc. Acquaforte (WGS84: 42.218919°N 12.110024°E),
shrubby grassland, 353 m a.s.l., 14 May 2017, S. Buono (BGT-A-41517, Tuscia
Germplasm Bank).

Germination data

Pre-treatments: sterilization with a solution of 5% sodium hypochlorite + Tween 20 for 5

minutes followed by 3 rinses in sterile distilled water.

Germination medium: 1% agar + 250 mg/l GA,.

Sample size: 100 seeds for each test (20 x 5 replicates).

o . Photoperiod Tmax MTG
Germination Thermoperiod [light/dark] Ti[d] Tso [d] d] [d]
83.1% constant 15°C 12/12h 7.0 133 24.5 13.6

Fig. 1. Germinated seeds of: a, Viola arvensis subsp. arvensis and b, V. kitaibeliana.
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Observations

Viola tricolor subsp. tricolor is a pansy occurring in habitats linked to woodlands and
semi-natural lands in south Europe (Scoppola & Magrini 2019).

Following Godefroid & Van de Vyver (2020), cold stratification was not required. The
effect of both hydro- and hormo-priming was tested, soaking seeds, respectively, in dis-
tilled water and in a solution of gibberellic acid (250 mg/1) for 24 h at 20°C in darkness
and sowing them on water-agar medium. Not primed seeds were sown on water-agar with
the addition of gibberellic acid. High germination (> 83%) was obtained at 15°C only for
not primed seeds on the substrate with the addition of GA;, in accordance with results
reported by Royal Botanic Gardens Kew (2020). Lower germination was recorded for both
hydro- and hormo-primed seeds (4% and 16%, respectively).

Acknowledgement

The authors thank R. Galesi and A. Cristaudo for collecting seeds of Viola hymettia in Sicily.

References

Agnieszka, R., & Holubowicz, R. 2008: Effect of pansy (Viola x wittrockiana Gams) seeds colour
and size on their germination. — Not. Bot. Hort. Agrobot. Cluj-Napoca 36(2): 47-50.
http://dx.doi.org/10.15835/nbha36267

Baskin, C. C. & Baskin, J. M. 2014: Seeds. Ecology, Biogeography, and Evolution of Dormancy and
Germination. 2" Edition. Academic Press — San Diego, CA, USA.

Baskin, J. M. & Baskin, C. C. 1995: Variation in the annual dormancy cycle in buried seeds of the
weedy  winter annual  Viola arvensis. — Weed Res. 35: 353-362.
http://dx.doi.org/10.1111/j.1365-3180.1995.tb01630.x

Beattie, A. J. 1985: The evolutionary ecology of ant-plant mutualism. — Cambridge.

— & Lyons, N. 1975: Seed dispersal in Viola (Violaceae): adaptations and strategies. —Amer. J. Bot.
62(7): 714-722. http://dx.doi.org/10.1002/j.1537-2197.1975.tb14104.x

Blois M. C. & Rockwood L. L. 1985: Effect of elaiosome removal on germination in ant-dispersed
plant. — Virginia J. Sci. 36: 118.

Franklin, S., Tran, L. B., Farzad, D. & Hill. R. 1. 2017: Seed Germination in Viola pedunculata and
Viola purpurea subsp. quercetorum (Violaceae), critical food plants for two rare butterflies. —
Madrofio 64(1): 43-50. http://dx.doi.org/10.3120/0024-9637-64.1.43

Gehring, J. L., Cusac, T., Shaw, C. & Timian, A. 2013: Seed germination of Viola pedata, a key larval
host of a rare butterfly. — Native P1. J. 14(3): 205-212. http://dx.doi.org/10.3368/np;j.14.3.205

Godefroid, S. & Van de Vyver, A. 2020: Seed germination ecology of Viola calaminaria, an endan-
gered metallophyte with a narrow distribution. — Pl. Species Biol. 35: 89-96.
http://dx.doi.org/10.1111/1442-1984.12259

Horvitz, C. C. 1981: Analysis of how ant behaviors affect germination in a tropical myrmecochore,
Calathea microcephala (P. & E.) Koernicke (Marantaceae): microsite selection and aril
removal by neotropical ants: Odontomachus, Pachycondyla and Solenopsis (Formicidae). —
Oecologia 51: 47-52. http://dx.doi.org/10.1007/BF00344651

Lobstein, M. B. & Rockwood, L. L. 1993: Influence of elaiosome removal on germination in five
ant-dispersed plant species. — Virginia J. Sci. 44: 59-71.

Magrini, S. 2019: Typification of Iberian names in Viola Sect. Melanium (Violaceae) with nomen-
clatural notes. — Phytotaxa 399(2): 147-159. https://doi.org/10.11646/phytotaxa.399.2.4



430 Magrini & Salmeri: Mediterranean plant germination reports — 2

— & Scoppola, A. 2015a: Cytological status of Viola kitaibeliana Schult. in Europe. — Phytotaxa
238(3): 288-292. http://dx.doi.org/10.11646/phytotaxa.238.3.9

— & — 2015b: Further studies in Viola Sect. Melanium (Violaceae). Identity and typification of
Viola nana and V. henriquesii, two neglected European Atlantic taxa. — Phytotaxa 230(3): 259-
266. http://dx.doi.org/10.11646/phytotaxa.230.3.4

— & — 2015c: Variability of pollen aperture heteromorphism in annual pansies (Viola Section
Melanium). — Acta Bot. Croat. 74(1): 43-52. doi: 10.1515/botcro-2015-0003

Marcussen, T., Heier, L., Brysting, A. K., Oxelman, B. & Jakobsen, K. S. 2015: From gene trees to
a dated allopolyploid network: insights from the angiosperm genus Viola (Violaceae). — Syst.
Biol. 64(1): 84-101. http://dx.doi.org/10.1093/sysbio/syu071

Ohkawara, K. 2005: Effect of timing of elaiosome removal on seed germination in the ant-dispersed
plant, Erythronium japonicum (Liliaceae). — Pl. Species Biol. 20: 145-148. http://dx.doi.org/
10.1111/5.1442-1984.2005.00133.x

Rajabalipour, F., Zade, A. A. & Bakhtiari, S. 2013: Effect of priming solution, concentration and
duration on pansy (Viola tricolor L. var. arvensis) seed germination and vegetative parameters.
Intl. J. Agron. Plant Prod. 4(12): 3262-3266.

Randall, R. E. 2004: Biological flora of the British Isles no. 233: Viola kitaibeliana Schult(es). — J.
Ecol. 92(2): 361-369. http://dx.doi.org/10.1111/j.0022-0477.2004.00877.x

Royal Botanic Gardens Kew 2020: Seed Information Database (SID). Version 7.1. Available from:
http://data.kew.org/sid/ [Last accessed 06/10/2020].

Sasidharan, R. & Venkatesan, R. 2019: Seed elaiosome mediates dispersal by ants and impacts ger-
mination  in  Ricinus  communis. —  Front. Ecol. Evol. 7: 246.
http://dx.doi.org/10.3389/fevo.2019.00246

Scoppola, A. & Magrini, S. 2019: Comparative palynology and seed morphology in annual pansies
(Viola Sect. Melanium, Violaceae): implications for species delimitation. — P1. Biosyst. 153(6):
883-899. http://dx.doi.org/10.1080/11263504.2019.1610113

Addresses of the authors:

Sara Magrini'* & Laura Zucconi'2,
ITuscia Germplasm Bank, Tuscia University, Viterbo, Italy. E-mail: magrini@uni-
tus.it

2Department of Ecological and Biological Sciences, Tuscia University, Viterbo, Italy.
E-mail: zucconi@unitus.it

*corresponding author




<<
  /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


