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Abstract

A field experiment was conducted during the summer season of 2014 to study the effect of various
mulching materials on rhizosphere microflora, yield and weed competition in okra. Mulching with
black polythene sheet recorded the highest yield (15.63 Mg ha) of okra. Among organic mulches
used, mango leaves and newspaper recorded higher yield of 10.06 and 9.37 Mg ha'respectively,
along with higher microbial population in okra rhizosphere. Mulching had great influence on the
population of bacteria, fungi and actinomycetes as compared to unmulched plots. All the treatments
with mulches favoured the population of fungi and actinomycetes and crop yield. Pre emergence
spraying of pendimethalin @ 1.0 kg ha! gave the lowest weed count and weed dry weight. The least
weed index was recorded in hand weeding (23.1) followed by mango leaves, pendimethalin and

mulching with paper.
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Mulching is a cultural practice widely adopted
in vegetables such as okra to suppress weed
growth and to conserve soil moisture. Mulches
provide different kinds of ecological niches in
the subsystem of crop environment. They
encourage the proliferation of micro-
arthropods, earthworms and other beneficial
microorganisms in the rhizosphere that bring
about changes in the status of soil fertility
(Yadav et al., 2008). Rhizosphere is the narrow
zone of soil around roots and a specialized
ecological niche for fungi, bacteria,
actinomycetes and other microbes, and is
influenced by root exudates, soil factors, age
and type of host plant and molecular signals.
Organic compounds released by the roots and
microbes dominate the rhizosphere. Mulching
in widely spaced crops like okra can be

practiced as an alternative method to reduce
the herbicide load in soil and to improve the
activity of soil microflora towards sustainable
crop production. Several studies showed that
crop residues like paddy straw, wheat straw,
banana leaf and even weeds like dry water
hyacinth performed well when they were used
as surface mulch (Goswami and Saha, 2006).
An experiment was conducted to assess the
population and response of rhizosphere
microflora and weeds to different mulches in
okra, an important vegetable in India, grown
in summer.

A field experiment was conducted at the
Agronomy Farm, College of Horticulture,
Vellanikkara, Thrissur, Kerala during the
summer season (March - May) of 2014. The
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experimental site, which enjoys typical humid
tropical climate, lies between 13°32” N latitude
and 78°26° E longitude, with an elevation of
about 40 m from mean sea level. The soil is
sandy loam with low pH of 4.8, high organic
carbon (1.5 %), low available N (195.3 kg ha''),
medium available P (15.17 kg ha') and
medium available K (232.7 kg ha!). The
experiment was conducted in randomized
block design with nine treatments and three
replications. The treatments comprised of
mulching with mango leaves (5 Mg ha'),
mulching with coconut leaves (5 Mg ha),
mulching with fresh weeds (5 Mg ha'!),
mulching with paddy straw (5 Mg ha'),
mulching with paper, mulching with black
polythene sheet, hand weeding, pre emergence
spraying of pendimethalin (1.0 kg ha') and
unweeded control. Seeds of the cultivar “Arka
Anamika” (@ 8.5 kg ha') were dibbled at a
spacing of 60 cm x 30 cm. Mulching was done
at the time of sowing as per the treatments.

The effect of mulching on bacteria, fungi and
actinomycetes population were studied at
different growth stages viz., at sowing, 60 DAS
(fruiting) and at final harvest (maturity).
Composite soil samples were collected from
each treatment and serial dilution technique
and pour plate method (Agarwal and Hasija,
1986) were followed to assess the population.
The population of bacteria, fungi and
actinomycetes was enumerated on nutrient
agar, Martin’s Rose Bengal agar and
Kenknight’s agar media respectively. The
plates were incubated at 30+2°C and the
populations of bacteria, fungi and
actinomycetes were observed at 2, 5 and 7 days
after inoculation, respectively. The results were
recorded and expressed as cfu g'. The
sampling at the time of sowing represented the
initial population of soil microorganisms.
Observations on weed count, weed dry weight
at 30 DAS and yield of okra were recorded
and the data were subjected to analysis of

variance using the statistical package ‘MSTAT
- C’ (Freed, 2006). Weed index was worked
out as per the formula suggested by Gill and
Vijaykumar (1969).

The initial bacterial population ranged from
150.6x10° to 203.3x10° cfu g'! (Table 1). The
bacterial population was reduced drastically
from sowing to 60 DAS and then to harvest.
The highest count was observed for the
treatment mulched with paddy straw at 60
DAS and at harvest (Table 1). Mulching with
mango leaves, newspaper and coconut leaves
also recorded better activity of bacteria at 60
DAS and at harvest compared to others. The
least count of bacteria was recorded for
pendimethalin, hand weeding and polythene
sheet. Subrahmaniyan et al. (2008) reported
that plastic film mulch significantly increased
soil temperature by 1-1.9°C at different
phenophases of crop growth from sowing to
harvest. The data in Table 1 also showed the
decreasing population of bacteria from sowing
to harvest. However, the population of
actinomycetes and fungi increased. The
inhibitory effect of root exudates of grasses
on bacteria was reported by Gopalakrishnan
etal. (2009). Similarly, herbicidal application
has detrimental effects on bacterial activity
after its application (Ramesh and
Nadanassababady, 2005). The decrease in
bacterial population may also be due to the
competitive influence and the toxic effect of
herbicides in soil (Ghosh et al., 2012). It is
also reported that microbial population is
dependent on soil temperature, air temperature,
moisture and relative humidity and the lowest
bacterial population was observed during
summer season (Yadav and Yadav, 2013).

Soil moisture content is an important factor,
which influences the activity of micro
organisms in soil. Higher population of
bacteria in mulched soil may be due to
favourable moisture. Aswathi et al. (2006)
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Table 1. Effect of different mulches on the population of bacteria, fungi and actinomycetes.

Treatments

Population (cfu g*)

Bacteria (x10°)

Fungi (x10°) Actinomycetes(x10%)

At At At
sowing 60 DAS harvest

sowing 60 DAS harvest

At At At At At At
sowing 60 DAS harvest

T,- Mulching with
mango leaves

@ 5 Mg ha'

T,- Mulching with
coconut leaves

@ 5 Mg ha'

T,- Mulching with
fresh weeds

@ 5 Mg ha'

T,- Mulching with
paddy straw

@ 5 Mg ha'

T.- Mulching with
paper

T,- Mulching with
black polythene sheet
T.- Hand weeding
T,- Pendimethalin
1.0 kg ai ha'!

(Pre emergence)

T,- Unweeded control 171.6 18.6° 14.0°
CD (0.05) NS 7.3 7.4

160.6 23.6% 15.6°

1933 20.3% 12.6°

161.0 19.3 12.6°

150.6 27.3 24.0*

161.6 20.6% 15.0°

203.3 10.6° 9.0°
180.6 8.6 9.3

196.6 6.3¢ 8.6"

506 603* 516 933 753< 1603
316 57.6° 566 950  87.6% 1753
376 81.0° 493 966  73.0¢ 178.6
333 566° 610 870  76.0¢ 147.6
36 733 520 960  943® 169.0
413 603 410 873  82.6™ 1753
353 553 490 840 102.6° 159.0
383 740%™ 546 833 88.6% 162.6
546 88.0° 673 836 653 1356

NS 224 NS NS 18.1 NS

* In column, mean followed by common letters do not differ significantly at 5 % level by DMRT.

reported that local grass straws and leaf
mulches in brinjal under hot arid conditions
recorded higher moisture content in the range
of 33-100 per cent compared to unmulched
plots.

The initial population of fungi ranged from
31.6x10° to 54.6x10° (Table 1). The fungal
population in the soil increased from sowing
to 60 DAS and then reduced at harvest stage
(Table 1). Higher count was observed in
unweeded control, mulching with fresh weeds
and pendimethalin. The least count was
recorded for hand weeding, paddy straw and
mango leaves at 60 DAS. After harvest, higher
counts were observed in unweeded control,
paddy straw and pendimethalin. From the
results, it is clear that fungi population was

less affected by herbicidal application and
could also tolerate less moisture condition of
soil as fungi proliferated under unweeded
control. The fungi was greatly influenced by
rhizodeposits of okra as its population was
higher during the crop reproductive stage, it
may also be due to the higher root exudates
found in crops at this stage (Yu et al., 2005).
Mulching with paddy straw and mango leaves
maintained almost consistent population till
harvest and even a little higher population from
60 DAS to harvest. Beneficial effects of
mulching and root exudates of wheat on fungal
population were reported by Yanbing et al.
(2008).

The initial actinomycete population ranged
from 83.3x10* to 96.6x10*cfu g! (Table 1).
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Mulching greatly influenced actinomycetes in
rhizosphere of okra as population appeared to
increase from sowing to harvest. Among the
different treatments, hand weeding, newspaper,
pendimethalin and coconut leaves recorded
higher colony count (Table 1) at 60 DAS and
the lowest was recorded in the case of
unweeded control. The population increased
tremendously from sowing to harvest, among
which unweeded control recorded the lowest
count (135.6x10*cfu g!) compared to others.
Herbicidal application had no effect on its
population. Decomposition of organic
materials may influence the population of
actinomycetes as higher population was
recorded at the end of growth stage. According
to Pal et al. (2013), population of actino-
mycetes in soil increased towards soyabean
crop maturity because of higher availability
of carbon at that stage due to litterfall.

Among the different treatments, pre emergence
spraying of pendimethalin @ 1.0 kg ha! gave
the lowest weed count (34 no. m?) and weed
dry weight (2.33 g m?). Among various
organic mulches, newspaper and mango leaves
were better alternatives with lower weed count
and weed dry weight (Table 2). As hand
weeding was done on 30™ day, weed count and
dry weights were higher in hand weeded plots
at this stage. All the mulched plots recorded

lower weed count and weed dry weight
compared to unweeded plots. The least weed
index was recorded in hand weeding (23.1)
followed by mango leaves, pendimethalin and
mulching with paper. From the data, it is clear
that mulches can prevent the germination and
establishment of weeds.

Mulching influenced the yield of okra greatly.
Higher yield was recorded for mulching with
polythene sheet (15.63 Mg ha™!) followed by
hand weeding (12.02 Mg ha™!). Polyethylene
mulch had pronounced positive effect on yield
of okra (Mahadeen, 2014). Unweeded control
recorded the lowest yield of 1.05 Mg ha'.
Compared to unweeded control plots, plants
with black polythene mulch recorded 93
percent higher yield. On mulching with mango
leaves and newspaper, the yield increases were
90 and 89 percent respectively. However,
mulching with paddy straw, coconut leaves and
fresh weeds recorded lower yield compared
with other mulches, where higher microbial
counts were recorded.

It could be concluded that better weed
management is possible through the use of
organic mulches. Mulching with crop residues,
leaves, grasses or paper nourishes the crop
rhizosphere and positively influences the yield.
Hence, mulching can be recommended as a

Table 2. Effect of mulches on weed count, dry weight, weed index and crop yield

Treatments Weed count Weed dry Weed index Yield
(No. m?) weight (g m?) (%) (Mg ha)
T - Mulching with mango leaves @ 5 Mg ha' 15.16 2.82 35.60 10.06
T,- Mulching with coconut leaves @ 5 Mg ha' 21.73 6.43 70.88 4.55
T,- Mulching with fresh weeds @ 5 Mg ha' 27.04 6.09 73.02 422
T,- Mulching with paddy straw @ 5 Mg ha' 18.73 413 67.96 5.01
T.- Mulching with paper 15.77 2.28 40.06 9.37
T,- Mulching with black polythene sheet 9.47 2.05 - 15.63
T.- Hand weeding 27.70 7.10 23.10 12.02
T,- Pendimethalin 1.0 kg ai ha (Pre emergence) 5.83 1.67 38.80 9.56
T,- Unweeded control 28.41 9.01 93.28 1.05
CD(0.05) 1.61 1.71 - 1.71
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crop management technique for higher yield
and better activity of rhizosphere
microorganisms.

References

Agarwal, G.P. and Hasija, S.K. 1986.
Microorganisms in Laboratory. Print House
India Ltd., Lucknow, 155p.

Aswathi, O.P., Singh, I.S. and Sharma, B.D. 2006.
Effect of mulch on soil hydrothermal regimes,
growth and fruit yield of brinjal (Solanum
melongena) under arid conditions. Indian J.
Hort., 63(1): 192-194.

Freed, R. 2006. MSTAT - C version 7. Department
of Crop and Soil Sciences, Michigan State
University.

Ghosh, R.K., Jana, PK., Nongmaithem, D., Pal,
D., Bera, S., Mallick, S., Berman, S.K. and
Kole, R.K. 2012. Prospects of botanical
herbicides in system of crop intensification in
the Gangetic Inceptisols of India. In:
Proceedings of 6" ITWSC, 17-22 June 2012,
Hangzhou, China, pp. 116-117.

Gill, H.S. and Vijaykumar. 1969. Weed index, a
new method for reporting weed control trials.
Indian J. Agron.,14: 96-98.

Gopalakrishnan, S., Watanabe, T., Pearse, S.J., Ito,
O., Hossain, Z.A.K.M. and Subbarao, G.V.
2009. Biological nitrification inhibition
by Brachiaria humidicola roots varies with soil
type and inhibits nitrifying bacteria, but not
other major soil microorganisms. Soil Sci. Plant
Nutr., 55(5): 725-733.

Goswami, S.B. and Saha. S. 2006. Effect of organic
and inorganic mulches on soil moisture
conservation, weed suppression and yield of
elephant foot yam (Amorphophallus

paeoniifolius). Indian J. Agron., 51(2): 154-156.
Mahadeen, A.Y. 2014. Effect of polyethylene black
plastic mulch on growth and yield of two
summer vegetable crops under rainfed
conditions under semi-arid region conditions.
American J. Agric. Biol. Sci., 9(2): 202-207.

Pal, D., Bera, S. and Ghosh, R.K. 2013. Influence
of herbicides on soyabean yield, soil microflora
and urease enzyme activity. Indian J. Weed Sci.,
45(1): 34-38.

Ramesh, G. and Nadanassababady, T. 2005. Impact
of herbicides on weeds and soil ecosystem of
rainfed maize (Zea mays L.). Indian J. Agric.
Res., 39(1): 31-36.

Subrahmaniyan, K., Kalaiselvan, P. and
Balasubramanian, T.N. 2008. Microclimate
variations in relation to different types of
polyethylene film mulch on growth and yield
of groundnut (4rachis hypogaea). Indian J.
Agron., 53(3): 184-188.

Yadav, A. and Yadav, K. 2013. Seasonal population
dynamics of rhizosphere and non-rhizosphere
soil microorganisms of chir pine seedlings
(Pinus roxburghii Sarg.). Brit. Microbiol. Res.
1., 3(4): 664-6717.

Yadav, R.L., Yadav, D.V. and Duttamajumder, S.K.
2008. Rhizospheric environment and crop
productivity: a review. Indian J. Agron., 53(1):
1-17.

YanBing, L., QuanHong, X. and Xia, Y. 2008.
Effect of mulching mode and wheat root on soil
microbial flora. Chinese J. Eco Agric., 16(6):
1389-1393.

Yu, C. H., Ming, L. X. and Guo, W. J. 2005. Change
of microflora in the rhizoplane and rhizosphere
of soybean under normal rotation cropping
systems. Plant Nutr. Fertil. Sci., 11(6): 804-815.




<<
  /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


