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Abstract: Effect of hydrogel on the turf grass
species growing under salt stress. Hydrogels can
absorb huge amount of water and so are able to
decrease the drought stress in plants. They are
used in horticulture and agriculture for years. It is
possible that they may be applied also on the grass
near — road areas. Because of water deficient and
high salinity growth of plants in these conditions
is however hard. Meanwhile, too high concentra-
tion of ions in soil can decrease efficacy of hydro-
gel, since it can absorb water and cations as well.
Nevertheless there is still too less studies on such
problem. From this point of view it seems that the
complex assessment of hydrogels effect on urban
lawn grass is needed. The aim of the study was
therefore the evaluation of grasses condition after
their cultivation under salt stress with and without
hydrogels amendment. Experience was conduct-
ed for four months in the controlled green house
conditions. The efficacy of hydrogels amendment
was measured by the grass reactions (turfs height,
fresh matter content and level of membranes in-
jury) on three levels of salinity. The results al-
lowed concluding that, concentration of the road
de- icing salt was the main factor, which affected
condition of all tested species. This reaction was
independent on the presence of hydrogel. Never-
theless under low and medium saline conditions
watersorbent weakened significantly influence of
salt stress on the grass.

Key words: drought, water sorbent, salt stress, ur-
ban lawn grass.

INTRODUCTION

Hydrogels are polymer substances which
are able to absorb huge amount of water
(Trippei et al. 1991). Amended to soil

they increase its watercapicity, decrease
evapotransporation and allow plants to
mitigate the drought stress (Leciejew-
ski 2008; Bartnik 2008). This innova-
tive method is known to be: easy, cheap
and ecological. It lets to decrease costs
of irrigation and humans work, enables
to safe water and energy with holding
the chemical safety for the environment
(Benedycka and Nowal 1998; Sroka
2004; Diener and Hey 2005; Baranowski
2006).

Nowadays, soil supersorbents are
used commonly in horticulture and ag-
ricultre, where they precipite: growth,
rooting and leafing of many species, cul-
tivated around the world (tomatos, cot-
ton, tabacco) (Wallace and Wallace 1986;
Sroka 2004; Al-Humaid 2005). It is also
known that watersorbents help to recul-
tivate the degraded areas — even there,
where flora was absolutely devastated,
they provide the revegatation (Paluszek
and Zembrowski 2006).

Above adventages suggest therefore
that using of hydrogels could be succes-
fully broaden to the other domains, espe-
cially there, where drought problems are
frequent. Such practices however have
not been established well yet, because
effectiveness of hydrosorbents depends
often on species (Wallace and Wallace
1986; Sroka 2004; Akhter et al. 2004;
Al-Humaid 2005).
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For this reason Department of En-
vironmental Protection (DEP) SGGW
started evaluation of using hydrogels
on the grass species present in the near
— road areas. Lawn grasses are the most
common green areas near the road sides
and play an important role in landfill
landscaping and shaping the microcli-
mate conditions (Wysocki and Stawicka
2005; Pawluskiewicz 2009). Unfortu-
nately many stresses, especially drought,
decrease their growth and condition (Wy-
socki 2008; Pawluskiewicz 2009), what
with high costs of irrigation cause that
some innovative cultivation is needed.

Preliminary, greenhouse studies pro-
vided by DEP in 2009 allowed to con-
cluded, that hydrogel influenced postive-
ly on germination, growth and dry matter
content of tested grass species cultivated
under simulated drought stress. It was
also demonstrated that amendment of
watersorbent make it possible to limit
the watering frequence for tested plants
from 3 to 1 per week and thanks to that to
decrease costs of their irrigation for 3.5
times (Hadam 2010).

Nevertheless it should be also point-
ed that apart form the water hydrogels
can absorb also cations (Benedycka and
Nowal 1998), what in dependend on spe-
cies, may decrease watersorbents effica-
cy in the drought resistance (Akhter et al.
2004). It is therefore possible that, high
concentration of sodium in the roadside
soils, resulting from using salts for de-ic-
ing (Wrochna et al. 2010), may exclude
the relevance for using hydrogels on the
near — road grasslands. This issue how-
ever has not been investigated yet.

The aim of the study was therefore
the assessment of the grass reaction on
the exposure to the soil salinity during

greenhouse cultivation with and without
hydrogels additive.

MATERIAL AND METHODS

The study was conducted for four months

in a greenhouse of the Faculty of Hor-

ticulture and Landscape Architecture,

Warsaw University of Life Sciences.
The experimental substrate, based on:

sand, peat and horticultural soil (in pro-

portion 1:1:1), was divided into two por-
tions — with or without hydrogel amend-
ment. The hydrogel was added in the

amount required by the manufacturer (2

g /L of substrate).

Such prepared substrates were filled
in the pots (12 cm diameter and volume
0.8 dm?) and then were sown with one of
the species, which are known to be the
most common in the near- road areas:

* red fescue (Festuca rubra L.) cv. Rai-
sa (0.086 g of seeds/ pot),

* kentucky bluegrass (Poa pratensis L.)
cv. Jarotka (0.074 g of seeds/ pot),

* perennial reygrass (Lollium perenne
L.) cv. Accent (0.123 g of seeds/
pot).

Number of seeds planted per pot de-
pended on the: seedling emergence and
seedling purity of each species, assessed
by the Plant Breeding and Acclimatiza-
tion Institute.

After a month plants cultivated with
and without hydrogels amendment were
treated with water salt solutions using
the “Ktodawska” road de-icing salt (con-
taining 97% NaCl) in concentrations
of 0 g - dm™ (control pots), 5 g - dm™
and 10 g - dm™. On the basis of the sali-
nity curve for used substrate the electri-
city conductance was obtained there-
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fore as medium (5.45 mS-cm™!) or high

(9,91 mS-cm™) (Kreeb 1979). The con-

trol pots (without salt solution) were wa-

tered only, nevertheless its electrocicity
conductance was also measured and it

appeared to be a low saline (EC = 1.30

mS-cm ™).

Effectiveness of hydrogel under sa-
line conditions was assessed after four
months on the basis of the grass condi-
tion, characterised by the following pa-
rameters:

— turfs height [cm],

— fresh matter content of the plants
above — ground [g /pot],

— increased membrane injury in com-
pare to the control (plants not treated
with the road de- icing salt) [%].
Above parameters are commonly

used in assessments of plants reaction

on the stressed environmental conditions

(Zurek 2006; Pawluskiewicz 2009).
Measurements were conducted in 4

replications, where replication was a sin-
gle pot with each grass species planted
with or without hydrogels amendment
and treated with the salt solution as was
written above.

Results obtained from the study were
analyzed statistically using the two fac-
torial analysis of variance (ANOVA)
of the Statgraphics 4.1 Plus software.
Significance of differences between the
combinations was examined with t-Stu-
dent test at a = 0.05. Results show the
mean values 4 replications.

During whole experiment plants were
watered to the optimal level on the basis
of the measurments conducted by soil
moisture meter (ECHO — EC5). Grass
were also mowing — once a week to 5
cm height.

The temperature and air humidity in the
greenhouse were measured everyday (ter-
mohygrometer EPI 8703) and fluctuated
from 22.9 to 35.0°C and 32.5-42.2%.

RESULTS AND DISCUSSION

Figures present effect of soil salinity in
the presence and absence of hydrogels
amendement on the: height (Fig. 1),
fresh matter content (Fig. 2) and percan-
tage of membrane injury (Fig. 3) in red
fescue Raisa, kentucky bluegrass Jarotka
and perennial reygrass Accent.

The obtained results confirmed ear-
lier observations (Wrochna et al. 2005),
that soil salinity has negative effect on
the growth and development of plants.
Because of disturbing physiological and
biochemical processes, it results, among
the others, in: lower growth, decreased
biomass production and increased mem-
brane injury (Alpaslan and Gunes 2001;
Morant-Manceau et al. 2004; Kacperska
2005). It was shown that concentration
of the road- de- icing salt was the main
factor, which affected all tested species.
Independent on the water sorbents pres-
ence height and fresh matter content of
red fescue Raisa, kentucky bluegrass
Jarotka and perennial reygrass Accent
decreased significantly with increase of
the salt concentration (Figs. 1-2). It was
also observed that, in both cases — in pots
with and without sorbents additive, the
higher level of salinity was simulated,
the significantly higher turfs membrane
injury was indicated (Fig. 3).

It can be therefore concluded that ad-
ditive of the road de- icing salt decreased
also ability of the hydrogel in improv-
ing condition of the tested grass species,
probably, due to disturbing its water
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FIGURE 1. Influence of salinity on the turfs height of the grass species cultivated with and with-
out (control) hydrogels amendment. Different letters show statistically significant differences between
means within each species
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FIGURE 2. Influence of salinity on the fresh matter content of the grass species cultivated with and
without (control) hydrogels amendment. Different letters show statistically significant differences be-
tween means within each species
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FIGURE 3. Influence of salinity on increased membrane injury of the grass species cultivated with
and without (control) hydrogels amendment. Different letters show statistically significant differences

between means within each species

absorbing abilities. Johnson (1984) and
Asady et al. (1985) provided that chemi-
cals and ions can adversely affect the
function of hydrogels. It was also ob-
served that its water retention was sig-
nificantly lowered when the saline water
was used (Akhter et al. 2004).
Nevertheless presented studies in-
dicated also that, to the certain level of
salinity, hydrogel can still enable some
of the tested species to tolerate the salt
stress. Under low saline conditions (EC
= 1.30 mS-em™") turfs height and fresh
matter content of all tested species culti-
vated with the sorbents amendment was
significantly greater than those without
hydrogel. In the pots with the medium
concentration of salt (5 g-dm™) similar
reaction on the watersorbents amendment
was observed in the height and fresh mat-
ter content of red fescue (Figs. 1-2) and
in the fresh matter production of kentucky
bluegrass (Fig. 2). In such conditions hy-

drogel decreased significantly also their
membrane injury, from above 70% (in
pots without hydrogel) to about 60%
(Fig. 3). Similar observations have been
reported by Hameda et al. (1995), who
showed that under glasshouse conditon
incorporation of hydrogel into sand has
enabled cotton and maize to be grown
in the saline solutions. It was also inves-
tigated that water sorbents amendment
improved salt tolerance of certain other
horticultural crops, including: tomato,
cucumber, lettuce and bean (Hameda et
al. 1990; Kant and Turan 2010). Despite
above, under the medium salt stress hy-
drogel did not influenced on perennial
reygrass. Lollium perenne is however
known to be more tolerant to salinity than
the other tested species (Alshammary et
al. 2004; Wu et al. 2005). It may therefore
explain why its all examined parameters
were in pots with and without hydrosorb-
ent comparable (Figs. 1-3).
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Because of the vulnerability on the
salt stress, grass species are usually not
reccomended on the highly salined areas
(Pawluskiewicz 2009). Presented results
showed that hydrogel does not support
their growth in such conditions. Height
and fresh matter content of all tested spe-
cies cultivated with the sorbents additive
was comparably low with the controls
(without hydrogel). Salt concentration
of 10 g- dm™ increased also grass mem-
brane injury — to the high level above
80% in all species, independent on the
hydrogels presence. It is possible that
high concentration of sodium cations
could saturated hydrogels matrix to that
level, in which it was unable to absorb
water (Akhter et al. 2004). In such condi-
tions water sorbent was therefore unable
to provide optimal substrates humidity
and it could not amend condition of cul-
tivated species.

CONCLUSIONS

1. Presented results allowed to conclude
that additive of the road de- icing salt
decreased efficacy of hydrogel in im-
proving condition of the tested grass
species.

2. Independent on the hydrogels amend-
ment concentration of the road de- ic-
ing salt was the main factor which
affected the: growth, fresh matter
content and level of membrance in-
jury in all tested species (red fescue
Raisa, kentucky bluegrass Jarotka
and perennial reygrass Accent). The
higher dose of salt was added to the
pots, the weaker condition of grass
was observed — in both cases — with
and without hydrogel.

3. Nevertheless hydrogel was able to
improve condition of plants during
cultivation under low and medium
salt stress. Its efficacy depended how-
ever on the tested grass species and
examined parameter.

4. Under low saline conditions hydrogel
was the most efficacy. Growth and
fresh matter content of all studied
species cultivated with its amend-
ment was higher than in the control
— without hydrosorbent.

5. Under medium saline conditions ef-
ficacy of hydrogel was worse, but it
lowered the growth inhibition of red
fescue. It also increased the fresh
matter production and decreased
membranes injury of red fescue and
kentucky bluegrass. Only perennial
reygrass was not affected by the wa-
ter sorbents amendment in such con-
ditions. However this may result from
its own ability to tolerate the salinity.

6. Hydrosorbent was indicated to be
inefficient in the highly salined pots.
Independent on the tested species,
turfs height, fresh matter content and
level of membranes injury were high-
ly affected by the salt stress in all pots
— with and without hydrogels amend-
ment.

7. Studied hydrogel appears to be highly
effective for use as a soil conditioner
on the lawn grass areas, to improve its
tolerance to the low and medium sa-
line conditions. These results should be
however confirmed by the field trials.
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Streszczenie: Wphyw hydrozelu na wybrane ga-
tunki traw gazonowych uprawianych w warun-
kach stresu solnego. Hydrozele to substancje
zdolne do gromadzenia duzej ilo$ci wody, a wy-
korzystywane w praktyce majq tagodzi¢ skutki
suszy u roslin. Stosowane sa od lat w ogrodniczej
i rolniczej produkcji roslinnej, by¢ moze znajda
rowniez zastosowanie w pielggnacji zieleni przy-
ulicznej. Obszary przyuliczne sa szczegdlnie trud-
ne do rozwoju roslinno$ci — wystepuje tam jednak
nie tylko deficyt wody, ale i zasolenie. Obecno$é¢
nadmiernej iloéci jonéw w roztworze glebowym
moze tymczasem obniza¢ skuteczno$¢ dziatania
hydrozelu, ktory oprocz wody sorbuje réwniez
kationy. Brak jest jednak wystarczajacej wiedzy
na ten temat. Istnieje zatem potrzeba komplekso-
wej oceny skuteczno$ci hydrozeli w warunkach
przyulicznych, uwzgledniajacej jednoczesnie
kilka czynnikéw stresowych. Opracowanie to
prezentuje wstgpne wyniki badan dziatania hy-
drozelu w warunkach zasolenia na przyktadzie re-
akcji wybranych gatunkow traw gazonowych (ko-
strzewy czerwonej odm. Raisa, wiechliny takowej
odm. Jarotka i zycicy trwatej odm. Accent), ktore
wystepuja powszechnie na trawnikach przyulicz-
nych. Do$wiadczenie wazonowe prowadzono
przez cztery miesiace w kontrolowanych warun-
kach szklarniowych. Miarg skutecznosci dziata-
nia hydrozelu byta ocena: wysokos$ci darni, pro-
dukcji $§wiezej masy i stopnia uszkodzenia bton
komorkowych traw narazonych na trzy poziomy
zasolenia podtoza, w obecnosci i przy braku sor-
bentu. Uzyskane wyniki pozwolily stwierdzi¢, ze
gtéwnym czynnikiem determinujacym niniejsze
parametry bylo stezenie soli w podlozu. Reakcja
ta byta niezalezna od obecnos$ci hydrozelu w pod-
tozu. Mimo to w warunkach matego oraz $red-
niego zasolenia dodatek sorbentu ostabit istotnie
dziatanie stresu solnego na badane trawy.



Effect of hydrogel on the turf grass species growing under salt stress

Stowa kluczowe: hydrosorbent, stres solny, susza,
trawniki przyuliczne

MS. received May 2011

Authors’ addresses:

Anna Hadam

Zbigniew Karaczun

Katedra Ochrony Srodowiska — SGGW
ul. Nowoursynowska 166,

02-787 Warszawa

e-mail: annah15@wp.pl

zbigniwe karaczun@sggw.pl

Mariola Wrochna

Samodzielny Zaklad Przyrodniczy Podstaw
Ogrodnictwa — SGGW

ul. Nowoursynowska 159

02-787 Warszawa
mariola.wrochna@gmail.com

55




<<
  /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>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUS <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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




