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The genus Elaeis consist two species namely, Elaeis
oleifera HBK and Elaeis guineensis Jacq. The former one
is called American oil palm or wild oil palm which is a wild
relative of cultivated type and later is called African oil
palm. Wild oil palm has low oil yield but it has several
desirable characteristics, viz. slow vertical growth, disease
resistance and best oil quality. A palm oil with a greater
proportion of unsaturated fatty acids attracts new market
opportunities for oil palm planters (Montoya et al. 2013).
American oil palm is native to Central America and northern
South America, is an important source of genetic variability
for oil palm breeding. To sustain high yields, E. oleifera ×
E. guineensis (O×G) hybrids are backcrossed with E.
guineensis and the progenies resulting from this breeding
strategy presents variability. A selection cycle that includes
evaluation, phenotypic selection, and crossing between the
families selected to form a new population requires about
19 years (Wong and Bernardo 2008). The best hybrids are
carried to next cycle. Protracted and delayed seed
germination in wild palm improvement leads to non-
availability of seedlings with uniform stages which affect
breeding trials. The seed germination percentage obtained
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ABSTRACT

The mechanical scarification techniques were tried to break the seed dormancy of wild oil palm (Elaeis oleifera
HBK) with an objective to get speedy, uniform germination and seedlings to facilitate precise evaluation of progenies
of inter specific hybrids. The experiment was conducted using hybridized and freshly processed Elaeis oleifera seeds
from Palm No. 6 planted during 1994. A total of six mechanical scarification techniques along with dry heat treatment
were adopted to achieve the objective. The results revealed that chipping endocarp (removing round piece of endocarp
containing germ pore) of the nut and de-operculum (removing plate like structure present in the seed coat above the
embryo in the kernel) resulted in maximum germination with uniform seedlings production.  Endocarp chipping
combined with de-operculum resulted in maximum germination with 50% and took 3, 5 and 7 days to initiate
germination, 50% germination and final germination (50%), respectively. Dry heated seeds took 15 days time to
attain maximum germination (40%) after pre heating duration of 60 days in the heating room. One set of seeds which
received hammer crack in nut germpore region remained dormant even after six weeks due to ineffective scarification.
Hence, nut chipping and de-operculum technique is recommended to alleviate the dormancy and the successful
treatment could be adopted for production of quality planting material in inter specific hybrid seeds.
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with Ealeis oleifera seeds following the dry heat method
used for E. guineensis, have usually been low. Nunes et al.
(1998) obtained approximately 30% germination in the
interspecific hybrid seeds adopting dry heat treatments,
whereas pure stand of oleifera gave 50% germination.  With
uneven growth of palms in the field, evaluation of progenies
will be difficult. Major disadvantage in dry heat treatment
is differences in seed germination among different cultivars
with similar treatment period (Fondom et al. 2010).
Therefore, a quick method of breaking dormancy is required
to achieve uniform seedlings. Hence, in the present study,
six mechanical scarification techniques were tried to break
the seed dormancy with an objective to get uniform seed
germination and seedlings with same age and vigour to
facilitate precise evaluation of progenies of inter specific
hybrids.

MATERIALS AND METHODS

Two Fresh Fruit Bunches (FFB) with uniform size
produced by hybridisation and controlled pollination of
selected Elaeis oleifera palm at Research Centre of
Directorate of Oil Palm Research, Palode, Kerala, India
were utilised for conducting this experiment. The
experimental location has been receiving an annual rainfall
of 2815 mm with an annual mean maximum, minimum
temperature of 32.1°C and 22°C, respectively. It has forest
laterite soil with a pH range of 5.0 to 5.5. The mesocarp of
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hybridised seeds was removed by mechanical de-pulper
and extracted seeds were washed with detergent to clean
mesocarp remnants. Seeds were also bleached by soaking
in sodium hypochlorite (4%) (NaClO) solution for 15
minutes and surface dried in shade for two days by spreading
on metal wire mesh trays as a single layer. The surface
dried seeds of one of  the hybridised bunches were subjected
to grading and uniform seeds alone packed in polythene
bag of 500 gauge thickness and dried in  heating room
maintained at 40° C for 60 days. After five days soaking,
seeds repacked in poly bags and incubated in germination
maintained at 25-27 ° C. Seeds from above heat treatment
was used as control (T7) and compared with new scarification
techniques. Another hybridised bunch harvested and after
seed processing similar to dry heat treatment was divided in
to 6 groups and subjected to T1, complete endocarp removal
and de-operculum (Murugesan et al. 2008); T2, chipping
endocarp and de-operculum; T3, chipping endocarp and
scarification with pile rod; T4, chipping endocarp and
scarification with sand paper; T5, chipping endocarp and
needle insertion in operculum and T6, making crack at
germ pore region of shell using a hammer in such a way
that kernel is not damaged while cracking the nuts. Chipping
endocarp of the seed was done using chipping machine
specifically developed along with electrically operated motor
with cutting device for chipping the shell without damage
to the shell for the treatments T2, T3, T4 and T5. Damaged
seeds if any were rejected and substituted with undamaged
ones. Similar to dry heat treatment, six treatments were
incubated in germination room. All the seeds subjected to
treatments T1 to T7 were soaked in water until they attained
seed moisture content of 22% before scarification. The
cross section of representative seed from each treatment
was photographed using Canon camera model number EOS
6D with a magnification to 1:4 size to investigate changes
occurring in the embryo, endosperm, operculum and
interpretation with germination results. The photographs

were taken two days after incubation in the germination
room and significant changes occurred in the treatments
were depicted in Fig 2.

The experimental design used was CRD with seven
treatments each with three replications consisting 25 seeds
per replication. The entire experimental set up was incubated
in germination room maintained at room temperature (25-
28° C). Germinated seeds were counted (when radicle
protrudes) daily up to six weeks. Daily germination and
cumulative germination were recorded and expressed as
percentage. Days to 50% germination was calculated
according to the formula of Coolbear et al. (1984). The
results were subjected to an Analysis of Variance (ANOVA)
to find out significant differences among scarification
techniques (T1 to T5) and compared with treatment (T7).
The treatment T6 was not included in the statistical analysis
as there was no response of effect of treatments on seed
germination. Healthy and vigourous germinated seeds of
six scarification treatments and control were planted in the
nursery with sufficient replications.

RESULTS AND DISCUSSION

Effect of mechanical seed scarification for speedy, uniform
germination

The mean percentage germination recorded in
treatments clearly indicates interspecific hybrids have poor
germination capacity. However, there were highly significant
germination responses observed among mechanical
scarification techniques and dry heat treatments. The  range
of  23.3 to 50%  was recorded in  endocarp removal and
scarification with corrugated rod (T3) and endocarp removal
and de-operculation (T2), respectively. Maximum seed
germination (50%) was recorded in the case of chipping
and de-operculion (T2) followed by complete endocarp
removal and de-operculation (T1: 43.33%) (Table 1).
Initiation of seed germination was observed 3 days after

Table 1 Effect of mechanical scarification treatments on seed germination in interspecific hybrids of wild oil palm (Elaeis oleifera,
HBK)

Treatment * Days  to Days to Final SE
50% maximum germination Final

germination germination after six germination
weeks(%) (%)

T 1: Complete endocarp removal and de-operculum 5.00 7.00 42.50 2.50
T 2: Chipping endocarp (removing round piece of endocarp 4.00 6.00 50.00 4.08
containing germ pore) and de-operculum

T 3: Chipping endocarp and scarification of operculum with   pile rod 4.00 6.00 22.50 2.50
T 4: Chipping endocarp and scarification of operculum with   sand paper 5.00 6.00 30.00 0.00
T 5: Chipping endocarp and needle insertion in the operculum 4.00 6.00 35.00 2.89
T 7: Dry heat method 13.00 15.00 40.00

CD 1.283 1.283 7.347
SE(m) 0.422 0.422 2.415
SE(d) 0.596 0.596 3.416
CV 14.456 10.999 13.174

*T 6 was not included in the statistical analysis as there was no response observed to treatment
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incubation in the germination room in all the scarification
treatments which is in agreement with report by Murugesan,
(2008) in de-operculated oil palm seeds, where embryos
commenced elongation after 2- 4 days at 30ºC, whereas
intact seeds failed to germinate. All the scarification
treatments except T6 reached 50% germination within 4-5
days, whereas, dry heat treatment took 13 days. There was
no much difference in the case of total germination as all
the scarified seeds (except T6) reached maximum
germination within 6-7 days. Dry heated seeds (T7) took 15
days time to complete germination. Main disadvantage
observed was that the time needed to reach maximum
germination 50 % level in the case of dry heat treatment
(T7) was 75 days (60 days for heating and 15 days to
complete germination excluding the period of 10 days (5

days for water soaking before heating and 5 days prior to
incubation in germination room) whereas, it was only 6
days in the case of scarification treatments especially T2
which resulted in maximum germination when compared
to others. In case of T2, radicle protrusion seen even after
two days incubation as observed in the Fig 2a. Though, heat
treatment (T7) was equally effective and third among
treatments with 40% germination, it consumed extra two
months heating in heating room while germination
commenced 15 days after incubation in germination room.
Fig 2c clearly showed that fibre plug and plate like structure
are tightly intact and embryo protrusion not seen after two
days incubation in the germination room. Variation in the
physical properties of seeds has been reported in oil palm
hybrid seeds within single bunch (Murugesan et al.  2010)
which may require differential thermal requirement for
breaking dormancy and germination responses in the
conventional method (Dry heat technique).  One set of seed
which received hammer crack in germpore region remained
dormant even after six weeks. In this case, dormancy barriers
such as plate like structure, endosperm above the embryo
might not have been affected due to the treatment (Fig 2b).
Seed shell thickness and shell weight did not relate with
germination (Myint et al. 2010). The shell may not be
involved in seed germination in spite of the fact that one of
the physical barriers that are fibre plug is present in the
shell and cracking the shell in the germ pore region may not
cause desired effect to facilitate germination. Therefore, it
is certain that heat technique takes longer duration to break
dormancy when compared to other techniques.

Speedy and uniform germination in mechanical
scarification technique

Endocarp chipping combined with de-operculation
resulted in maximum germination (50%) and took 3, 5 and
7 days to initiate germination, 50% germination and final
germination, respectively. The treatments namely T3, T4
and T5 resulted in slower 23.3, 30 and 36.67 percent of
germination, respectively when compared to T2 (Fig 1).
Since germination achieved in T2 was significantly greater
than the other treatments, chipping combined with de-

1 2 3 4 5 6 7 8 9 10 11 12
Days after incubating in germination room

Cu
m

ul
at

iv
e 

ge
rm

in
at

io
n 

(%
)

60.00

50.00

40.00

30.00

20.00

10.00

0.00
13 14 15 16 17 18 19 20

T1 T2 T3 T4 T5 T6 T7

Fig 1 Cumulative germination percentage of wild oil palm seeds
subjected to different mechanical scarification and dry heat
techniques. T1: Complete endocarp removal and de-
operculum, T2: chipping endocarp (removing round piece
of endocarp containing germ pore) and de-operculum, T3:
chipping endocarp and scarification of operculum with pile
rod, T4: chipping endocarp and scarification of operculum
with sand paper, T5: chipping endocarp and needle insertion
in the operculum, T6: making crack at germ pore region of
shell and T7: dry heat method.

Fig 2 View of cross section of micropylar region of the interspecific hybrid seed subjected to mechanical scarification treatments
(Treatments with significant changes in the critical structures alone given). a (T

2
): Chipping endocarp and de-operculation (radicle

protrusion seen after 2 days after incubation), b (T
6
): Making crack at germ pore region of shell of the nut (no embryo growth is

observed after 2 days incubation and crack in fibre plug and gap above the embryo are seen), c (T
7
): Dry heat method (operculum

is prominently present and embryo is intact and no embryo growth initiated).
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operculation can be profitably adopted for production of
uniform seedlings. In seed production centres, some hybrid
combinations showed embryo abnormality due to incomplete
development of embryo during fruit development which
results in abnormal germinated seeds.  It has been reported
by Corley and Tinker (2003) that there is relationship
between embryo abnormality and germination efficiently
and seedling development. In this context, early detection
of abnormal sprouts is possible through chipping and de-
operculation method and we can carry forward only normal
and healthier ones in the nursery, whereas dry heat process
takes longer duration. Since, the time to completion of
germination in a given batch of seeds is very short (7 days)
the production of uniform seedlings is assured.

Effect of treatments on seedling growth in primary nursery
Healthy, vigorous germinated seeds of all the treatments

of dormancy breaking treatments except T6 (where no
germinated seeds obtained) were planted in the nursery
showed no significant difference for seedling growth
parameters at three months after planting while all the
seedlings exhibited normal growth under standard nursery
management practices.

CONCLUSION

Since germination achieved in T2 significantly greater
than the other treatments, chipping combined with de-
operculation technique could be adopted for production
of uniform seedlings of inter specific hybrids of wild oil
palm.

ACKNOWLEDGEMENT

Authors acknowledge Dr S Arulraj, Director, DOPR,
Pedavegi, Andhra Pradesh, India for providing facilities to
conduct experiments. We thank Dr V Ravi, Principal
Scientist, Central Tuber Crops Research Institute,
Thiruvanathapuram for correction of the manuscript and
critical review of the article.

REFERENCES

Coolbear P, Francis A and Grierson D. 1984. The effect of low
temperature pre-sowing treatment in the germination

performance and membrane integrity of artificially aged tomato
seeds. Journal of Experimental Botany 35: 1 609–17.

Corley R H V and Tinkar P B. 2003. The Oil Palm, IV Edition, p
562. Blackwell publishing company, Oxford, London.

Fondom N Y, Etta C and Mih A M. 2010. Seed dormancy, revisiting
heat treatment duration on germination and subsequent seedling
growth of oil palm (Elaeis guineensis, Jacq) progenies. Journal
of Agricultural Science 2(2): 101–10.

Montoya C, Lopes R, Flori A, Cros D, Cuellar T, Summo M and
Billotte N. 2013. Quantitative trait loci (QTLs) analysis of
palm oil fatty acid composition in an interspecific pseudo-
backcross from Elaeis oleifera (HBK) Cortés and oil palm
(Elaeis guineensis Jacq.). Tree Genetics and Genomes 9(5):
1 207–25.

Murugesan P, Haseela H and Shareef M. 2010. Seed physical
characteristics and germination of different hybrid combinations
of oil palm (Elaeis guineensis, Jacq) developed from African
germplasm. International Journal of Oil Palm 7(1&2):13–9.

Murugesan P, Padma P, Nagamangala U, Mathur R K and Babu M
K. 2008.  Preliminary investigations on oil palm tenera inter se
progenies with special emphasis to pisifera. Indian Journal of
Horticulture 65(2): 214–9.

Myint T, Chanprasert W and Srikul S. 2010.  Effect of seed weight
on germination potential of different oil palm (Ealeis guineensis
Jacq) crosses. Seed Science and Technology 38: 125–35.

Nunes C D M D and Cunha Lima L B. 1998. Germination of oil
palm (Elaeis guineensis Jacq.), using the method of dry
heat. Techniques 12, Embrapa Western Amazon, Manaus,
Amazonas, Brazil. Instructions.

Reijnders L and Huijbregts M. 2008. Palm oil and the emission of
carbon based green house gases. Journal of Clean Production
16: 477–82.

Rajinder S, Meilina OA, Eng-Ti L L, Mohamad AAM, Rozana R,
Rajanaidu N, Leslie CLO, Siew–Eng O, Kuang-Lim C, Mohd
A H, Norazah A,  Jayanthi N, Blaire B, Nathan L, Steven W S,
Dong H, Michael H, Muhammad A B, Ernest K L, Rob D,
David K, Jose LG, Rod A W, Richard K W, Robert S F, Jared
M O, Robert A M and Ravigadevi S. 2013. Oil palm genome
sequence reveals divergence of interfertile species in Old and
New Worlds.  Nature 500: 335–9.

USDA. 2012. Malaysia; stagnating palm oil yields impede growth.
Commodity intelligence report (December 2012). http://
www.pecad.fas.usda.gov/highlights/2012/12/Malaysia

Wong C and Bernardo R. 2008. Genome wide selection in oil palm:
increasing selection gain per unit time and cost with small
populations. Theoretical and Applied Genetics 116: 815–24.

MECHANICAL SEED SCARIFICATION IN WILD OIL PALM



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


