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Cucumber (Cucumis sativus L. cv. Dar) leaves exposed to UV-B irradiation at a biologically effective dose
of 9.5 kJ m2d"! showed decreased chlorophyll fluorescence parameter values versus the control; in peppermint
(Mentha piperita L. cv. Asia) leaves those values were almost unchanged after treatment. F/F, and Rfd were
reduced more than other values, indicating inhibition of the oxygen-evolving complex and cooperation between
the light and dark photosynthesis reactions as the primary targets of UV-B. The photosynthetic electron trans-
port rate showed less change directly after irradiation, but after 24 h of recovery it was reduced to 50% of the
control. Generally, photosystem II of peppermint leaves appeared more tolerant to the applied UV-B radiation

than in cucumber leaves.
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INTRODUCTION

UV-B radiation can affect the structure of chloro-
plast membranes, hinder photosynthesis, retard
plant growth and finally lower crop yields
(Bornman, 1989; Jordan, 1996; Jansen et al.,
1998). Vulnerability to UV-B radiation varies greatly
between plant species (Caldwell et al., 1998; Zuk-
Golaszewska et al., 2003; Kozlowska et al., 2007).
Cereals generally are more tolerant as they are
monocots with vertical leaves, whereas dicotyledo-
nous plants, including oil rapeseed and cucumber,
are more susceptible (Skoérska, 2000a,b, 2008;
Shinkle et al., 2004; Jansen et al., 2008). There are
few published reports on the sensitivity of herbal
plants such as peppermint to ultraviolet radiation
(Maffei et al., 1999; Maffei and Scannerini, 2000).
Those studies have concentrated on photomorpho-
genesis and the essential oil composition of pepper-
mint plants. The photosynthetic process can be
affected by UV-B radiation at different levels: for
example, changes in plant and leaf morphology that
decrease light interception, changes in stomatal
function that limit the availability of CO,, or
enzymes of the carbon fixation pathway. The effects
of UV-B radiation on light harvesting and primary
photochemical reactions of photosynthetic mem-
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branes, particularly on the photosystem II reaction
center, have attracted much attention and study
(Vass et al. 1996; Jansen et al., 2008). Luminescence
tests are a good way to study plant susceptibility
to UV-B radiation (Schreiber et al., 1994; Skoérska,
2000a). In this work I studied (1) photosynthetic pri-
mary reactions of peppermint leaves subjected
to briefly applied high-intensity UV-B radiation, as
compared with the reactions in cucumber plants as
susceptible species, and (2) the recovery capacity of
both species after the applied stress.

MATERIAL AND METHODS

Plants of cucumber (Cucumis sativus L. cv. Dar)
and peppermint (Mentha piperita L. cv. Asia) were
grown in controlled conditions of light (PPFD
200 umol m2s?, 12 h photoperiod)) and tempera-
ture (22°C/18°C, day/night). Discs (10 mm diam)
were cut out from young, well-developed leaves
of both species, placed in Petri dishes with water, and
irradiated for 60 min with UV-B (VL-115 M lamp,
Vilber Lourmat, France) in the 280-320 nm range
with maximum emission at 311 nm (Skorska, 2000a).
The emission spectrum of the lamp was recorded with
a spectroradiometer (H 2000, Ocean Optics, U.S.A.).
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The intensity of UV-B irradiation (7.0 W-m2) was
measured with an IL 1403 radiometer with a SEL
240-UVB1 calibrated detector (International Light
Inc., U.S.A.). The daily biologically effective dose
of ultraviolet-B radiation (9.5 kJm™2d’!) was calcu-
lated according to Caldwell (1977). After irradiation,
the photochemical efficiency of photosystem II was
measured. Chlorophyll fluorescence was measured
with a fluorometer (PAM-210, Heinz Walz GmbH,
Germany). Before measurements the plants were
dark-adapted for ~15 min. The leaf disc was placed
on the head (adaxial surface down on the head) and
covered with a magnetic clip. A weak measuring beam
(0.04 umol m? s, 650 nm), pulse saturating light
(3200 umol m? s!, 665 nm) and actinic light (120
umol m™? s, 665 nm) were used for measurements.
The fluorescence signal was recorded for 3 min. The
following parameters were estimated: the intensity
of initial (F ), maximum (F, ), stationary (F) and vari-
able (F, = F_, - F,) fluorescence, F/F ., F/F,, ETR
(electron transport rate in photosystem II), the vitali-
ty index [Rfd = (F,, - F)/F,l, and the coefficients
of photochemical (qP) and nonphotochemical (gN)
quenching, according to van Kooten and Snel (1990)
and Lichtenthaler et al. (1986). Measurements were
made from 6-8 plants. The results are presented as
means of 6-8 replicates (different leaves). All data
were analyzed with Statistica 8.0 (Statsoft, U.S.A.-
PL) by two-way ANOVA. The multiple range
Newman-Keul test at p < 0.05 was used to separate
homogenous groups of means. For relative values
(quotients, Fig. 1) the standard uncertainties were
calculated for combined values (ISO, 1993).

RESULTS AND DISCUSSION

After 60 min of UV-B irradiation the values
of chlorophyll fluorescence parameters for cucum-
ber leaves decreased by 4% to 44% versus the con-
trol (Tab. 1). There were large decreases in F/F,
(20%) and Rfd (33%). The decrease of F/F  indi-
cates effects on the oxygen-evolving complex in pho-
tosystem II. Reduction of Rfd shows disruption
of cooperation between light phase and dark phase
reactions of photosynthesis (Lichtenthaler et al.,
1986). A decreased F /F | ratio indicates down-regu-
lation of photosynthesis or photoinhibition (Krause
and Weis, 1984). However, the slight change of the
F/F_, ratio in this experiment was accompanied by
a much stronger decrease of F, values. In pepper-
mint most of the measured parameters remained
almost the same or even increased as in the F/F |
and F/F_ values. The photosynthetic apparatus
of peppermint leaves showed more tolerance
to short-term high-intensity UV-B radiation than
that of the cucumber leaves. Only one measured

www.journals.pan.pl

panpt PAN
Comparison of Cucumis arid.Me tha leaf responses to UV-B 17

[@ Cucumber sativus

FL

& Mentha piperita
150

120

% of control

Fu/Fo ETR qP Rfd

Fig. 1. Relative values of chlorophyll fluorescence parame-
ters after 24 h of recovery after UV-B irradiation
of Cucumis sativus and Mentha piperita leaves,
expressed as % of control (without UV-B). All means of
both species differ significantly at p < 0.05. Vertical seg-

ments present standard uncertainties of means.

parameter, the photochemical quenching coeffi-
cient (qP), did not change in cucumber leaves but
in peppermint it decreased 13%. The nonphoto-
chemical quenching coefficient (gN) was reduced
by 44% in cucumber leaves while in peppermint it
remained unchanged.

At 24 h after the end of UV-B stress there was
no observed recovery of disturbed photosynthetic
function in peppermint leaves, but in cucumber
leaves this negative effect intensified (Fig. 1).
Interestingly, the biggest decrease was in ETR, by
almost 50%, but directly after UV-B stress it was
only 6% lower. This indicates persisting damage to
electron transport in photosystem II in cucumber
leaves. In peppermint leaves this change was very
small. The photochemical quenching coefficient
decreased 32% in cucumber leaves versus the con-
trol. The nonphotochemical quenching coefficient
increased by 62% (0.55) in cucumber, while in pep-
permint it decreased by 22% (0.31) versus the con-
trol.

Quenching analysis can distinguish two funda-
mentally different pathways of absorbed light energy
conversion: gP quenching reflects the action of open
photosystem II reaction centers and denotes the
proportion of excitation energy trapped by them,
while gN determines nonphotochemical fluores-
cence quenching (van Kooten and Snel, 1990;
Krause and Weis, 1991). A decrease of photochemi-
cal quenching indicates that the fluorescence yield is
lowered because the excitation energy is being used
for photochemical reactions (Schreiber et al., 1994).

The overall quantum yield (Y) of photochemical
energy conversion is a measure of the actual photo-
chemical efficiency of photosystem II in illuminated
leaves. In the UV-B-treated cucumber leaves the
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TABLE 1. Chlorophyll fluorescence parameter values from cucumber and peppermint leaf discs subjected to UV-B
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irradiation
Cusumis sativus Mentha piperita
Parameter
0 UV-B 0 UV-B
Fo 276 + 31a 247 + 13b 276 £ 9a 233 £ 16b
Fm 1087 + 100a 891 + 22b 1058 + 105a 1122 + 102a
Fy/Fm 0.757 £ 0.010b 0.727 £0.011c 0.737 £0.017c 0.790 = 0.026a
Fy/Fo 3.15+0.15b 2.54 £ 0.16¢ 2.90 £ 0.25b 3.96 £+ 0.47a
Y 0.63+0.01a 0.59 £ 0.03b 0.58 £0.01b 0.56 £ 0.05b
ETR 28.8 £ 0.5a 27.2 £ 1.4b 26.9 £ 0.7b 25.9+1.5b
qP 0.93 £ 0.06a 0.87 £ 0.05a 0.92 £ 0.06a 0.80 £ 0.05b
qN 0.34 £ 0.05a 0.19 £ 0.03b 0.40 £ 0.06a 0.39 £0.10a
Rfd 2.66 £0.13a 1.78 £ 0.16b 2.38 £0.14a 2.32+ 0.31a

Means with the same letter belong to the same homogenous group at p < 0.05 (Newman-Keul test).

Y value slightly decreased immediately after and
especially 24 h after the end of the stress treatment.
Similar changes were observed for electron trans-
port rate ETR. That is due mainly to nonphoto-
chemical conversion of absorbed light energy for
thylakoid membrane energization. In this light con-
dition nearly all reaction centers of photosystem II
in control and UV-B-treated leaves remain oxidized
(opened), as indicated by the P values. Decreases
in Y are associated with increases in excitation ener-
gy quenching in photosystem II antennae, and are
generally considered to indicate down-regulation
of electron transport. Consequently, the decreases
in Y and ETR 24 h after the end of the UV-B treat-
ment in both species can be understood as mani-
festing physiological regulation of electron transport
by increasing excitation energy quenching in photo-
system II antennae.

Shinkle et al. (2004) examined the influence
of short-term exposure to different UV wavebands
on the fine-scale kinetics of hypocotyl growth
of cucumbers (Cucumis sativus L.) grown in dim
red light. The response to short-wavelength UV-B
persisted for at least 24 h, while the response to
long-wavelength UV-B lasted only 3 h. They conclud-
ed that different photosensory processes are
involved in mediating the growth and morphological
responses to short-wavelength UV-B (280-300 nm)
and long wavelength UV-B (essentially 300-320 nm)
(Shinkle et al., 2004). My results from this experi-
ment using a source of broadband UV-B did not con-
firm this conclusion. Another way of interpreting
it is in terms of van Rensen et al.'s (2007) assertion
that damage caused by UV-B radiation occurs first
on the acceptor side of photosystem II and only later
on the donor side. The decrease of F /F,, attributed
to inhibition of photosynthetic electron transport

at the acceptor side, was observed only in the
cucumber leaves subjected to UV-B. In peppermint
leaves it increased, probably due to the higher toler-
ance of this species to UV-B. It is worth pointing out
that changes indicating recovery were observed 24 h
after the end of the UV-B stress treatment, suggest-
ing that the damage to the acceptor side of photo-
system II was reversible. On the other hand, damage
to the donor side, reflected by the Y, ETR and Rfd
parameters, seemed irreversible.

CONCLUSIONS

1. Brief UV-B irradiation caused a decrease in flu-
orescence parameter values in cucumber leaves
versus control leaves not exposed to UV-B, par-
ticularly F/F, and Rfd; peppermint leaves
showed less change in the measured parame-
ters.

2. At 24 h after the end of the UV-B stress treat-
ment, adverse changes of ETR, gqP and Rfd
intensified, especially in the cucumber leaves,
indicating irreversible damage on the donor
side of photosystem II.

3. Generally, photosystem II of the peppermint
leaves seemed more tolerant of the applied UV-B
radiation than that of the cucumber leaves.

REFERENCES

BornmaN JF. 1989. Target sites of UV-B radiation in photo-
synthesis of higher plants. Journal of Photochemistry
and Photobiology 4: 145-158.

CaLDwELL MM. 1977. The effects of solar UV-B radiation on
higher plants: implications of stratospheric ozone reduc-



W\-\'\’\;.(lé‘dS()])J‘.hlllﬂ.])lel.pl

www.journals.pan.pl

PAN
Comparison of Cucumis arid.Me tha leaf responses to UV-B 19

POLSKA AKADEMIA NAUK

tion. In: Castelani A [ed.], Research in Photobiology,
597-607. Plenum Publ. Co.

CaLDWELL MM, BJORN LO, BornMAN JF, FLINT SD, KULANDAIVELU G,
TERAMURA AH, and Tevint M. 1998. Effects of increased
solar ultraviolet radiation on terrestrial ecosystems.
Journal of Photochemistry and Photobiology B: Biology
46(1-3): 40-52.

ISO 1993. Guide to the expression of uncertainty in measure-
ment, Switzerland.

JANSEN MAK, GaBA V, and GREENBERG BM. 1998. Higher plants
and UV-B radiation: balancing damage, repair and accli-
mation. Trends in Plant Sciences 3(4): 131-135.

JANSEN MAK, HecTors K, O'BRIEN NM, Guisez Y, and POTTER G.
2008. Plant stress and human health: Do human con-
sumers benefit from UV-B acclimated crops? Planta
175: 449-458.

JORDAN BR. 1996. The effect of ultraviolet-B radiation on
plants: a molecular perspective. Advances in Botanical
Research 22: 97-161.

Kozrowska M, BRzeziNska E, and StoBIECKI M. 2007.
Sensitivity differences and accumulation of screening
compounds in three conifer plants under enhanced
UV-B radiation. Polish Journal of Environmental
Studies 16: 817-824.

Krause GH, and WEIs E. 1984. Chlorophyll fluorescence as
a tool in plant physiology. II. Interpretation of fluores-
cence signals. Photosynthesis Research 5: 139-157.

Krause GH, and WEIs E. 1991. Chlorophyll fluorescence and
photosynthesis: the basics. Annual Review of Plant
Physiology. Plant Molecular Biology 42: 313-349.

LicHTENTHALER HK, BuscHMANN C, RINDERLE U and ScHMUCK G.
1986. Application of chlorophyll fluorescence in eco-
physiology. Radiation and Environmental Biophysics
25: 297-308.

MAarrEI M, CaNova D, BERTEA CM, and SCANNERINI S. 1999. UV-
A effects on photomorphogenesis and essential-oil com-
position in Mentha piperita. Journal of Photochemistry
and Photobiology B: Biology 52: 105-111.

MAaFFEI M, and ScANNERINI S. 2000. UV-B effect on photomor-
phogenesis and essential oil composition in peppermint

(Mentha piperita L). Journal of Essential Oil Research
12: 523-529.

ScHREIBER U, BILGER W, and NEUBAUER C. 1994. Chlorophyll
fluorescence as a nonintrusive indicator for rapid assess-
ment of in vivo photosynthesis. In: Schulze ED and
Caldwell MM [eds.], Ecophysiology of Photosynthesis.
Ecological Studies 100: 49-70.

SHINKLE JR, ATKINS AK, HUMPHREY EE, RODGERS CW, WHEELER
SL, and BarnEs PW. 2004. Growth and morphological
responses to different UV wavebands in cucumber
(Cucumis sativum) and other dicotyledonous seedlings.
Physiologia Plantarum 120: 240-248.

SKORSKA E. 2000A. Reaction of some crop plants on UV-B
radiation. Rozprawy nr 192. Agricultural University of
Szczecin (In Polish with English summary).

SKORSKA E. 2000B. Comparison of responses of bean, pea and
rape plants to UV-B radiation in darkness and in light.
Acta Physiologiae Plantarum 22: 163-169.

SKORsKA E. 2008. Does the Nano-Gro® biostimulator increase
tolerance of Tytus F1 cucumber plants in early growth
phase to ultraviolet-B radiation? In: Biostimulators in
Modern Agriculture "Vegetable Crops", 44-53. Wies
Jutra, Warszawa.

vAN KOOTEN O, and SNEL JFH. 1990. The use of chlorophyll flu-
orescence nomenclature in plant stress physiology.
Photosynthesis Research 25: 147-150.

VAN RENSEN JJS, VREDENBERG WJ, and RobRrIGUES GC. 2007.
Time sequence of the damage to the acceptor and donor
sides of photosystem II by UV-B radiation as evaluated by
chlorophyll a fluorescence. Photosynthesis Research 94:
291-297.

Vass I, Sass L, SpeTea C, Bakou A, GHaNnorakls DF and
PETROULEAS V. 1996. UV-B induced inhibition of photo-
system II electron transport studied by EPR and chloro-
phyll fluorescence. Impairment of donor and acceptor
side components. Biochemistry 35: 8964-8973.

ZUR-GoLAsZEWSKA K, UpapHYAYA MK, and GoLaszewski J. 2003.
The effect of UV-B radiation on plant growth and devel-
opment. Plant, Soil and Environment 49: 135-140.




<<
  /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
  /CreateJDFFile false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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




