=585 A AT AE (2008)
Korean Journal of Environmental Agriculture Vol. 27, No. 2, pp. 133-138

20| EY 0IME 3FM 54

eFa - ojzH|" - gy . 0|8EY -

1)7(:)]/\]-;}]8_]—57_ %,g_}\gﬂoﬂ_ﬂ]_é‘]—
(2008 62 2

2 A~
A,

2y Wl 0jxl= g
IRy

SH(BK 21 program), 25#el71e4, Y34t n wdE et 74l
2008 6 24 )

Effect of Fire on Microbial Community Structure and Enzyme Activities in Forest Soil
Ju-Hwan Oh", Seul-Bi Lee”, Sung-Eun Park”, Yong-Bok Lee”, and Pil-Joo Kim"” ("Division of Applied Life
Science (BK 21 program), Graduate School, Gyeongsang National University, “National Institute of Agricultural
Science & Technology, Suwon, Korea, Institute of Agriculture and Life Sciences, Gyeongsang National University)

ABSTRACT: Fire can affect microbial community structure of soil through altered environmental conditions,
nutrient availability, and biotic source for microbial re-colonization. We examined the influence of fire on
chemical properties and soil enzyme activities of soil for 10 months. We also characterized the soil
microbial community structure through ester-linked fatty acid analysis (EL-FAME). For this study, we
established five bumed plots (1x1 m) and S5 unbumed plots outside the margin of fire. Soil was sampled
three soil cores in a each plots and composited for analysis at 1, 3, 5, 8, and 10 month after fire. The fire
caused an increase in soil pH, exchangeable Ca, and Mg, organic matter, available P,Os compared to
unbumed sites. The content of NH4-N in bumed site was significantly higher than that of unbumed site and
this effect continued for 8 months after fire. There was no difference of NO;-N content in soil between
bumed and unbumed site. Fire caused no change in acid phosphatase and arylsulfatase activities but 5
glucosidase and alkaline phosphatase activities in bumed site were increased compared to unbumed site.
Microbial biomass as estimated by total concentration of EL-FAMEs in bumed sites was significantly
higher than that of unbumed sites at one month after fire. Bumed site decreased the EL-FAMEs indicative
of gram-positive bacteria and tended to increase the fatty acid associated with gram-negative bacteria at one
and three months after fire. The sum of EL-FAME compound 18:206,9c and 18:1w9c as served fungal
biomarkers was decreased in bumed site compared to unbumed site.

Key Words: Forest fire, microbial community structure, enzyme activity
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MIDI Z2I3E o] 8§34 7#7#4 peakE A3t o7
A ORAE TR B4S 93] o] 8% EL-FAME®] biomarkers
= t53 2t} Bacterial FAMEs™: 15:0, al5:0, i15:0,
i16:0, 16:1w7c, 16:109c¢, 17:0, al17:0, i17:0, 17:0cyc, 17:1w
8¢, 18:1wbc, 18:1w7c, 19:0cyc; fungal FAMEs37): 18:2w
6,9¢, 18:109¢; gram positive(+) bacterial FAMEs32): a15:0,
i15:0, i16:0, al7:0, i17:0; gram negative(-) bacterial
FAMEs32): 16:107c, 18:1w7c, 17:0cyc, 19:0cyc.

EQF enzyme &Y i3]
Acid(pH 6.5)9} alkaline(pH 11.0) phosphatase, 5

glucosidase (pH 6.0), arylsulfatase &%) 4] Tabatabai
HPe] Fajo] eItk zhas] qoksii, Eoke] U4
9] 714 (substrate) ¥} buffers F7lskal F=A1X1 & 247}
9] Aol 9siA 2= p-nitrophenol & 410 nmelA
SslltE 72ar ofw 018 Adid (pH 6.5)9} alkaline (pH
11.0) phosphatase, G-glucosidase (pH 6.0), arylsulfatase
A& 714 217} p-nitrophenyl phosphate, p-nitrophenyl
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Table 1. Changes of soil chemical properties after fire

. + -1
Sampling pH oM Av.P,0s Ex.-cations (cmol” kg™)
date Treatment (15) (g k™) (mg kg') K Ca Mg
Unburned 4.2 26.6 34.3 0.19 2.8 1.31
Feb. 14 0.1) 4.9) (5.3 (0.01) (0.3) (0.10)
’ Burned 46 34.5 39.3 0.20 3.5 2.56
0.2) (5.1) (8.1) (0.03) (0.5) (0.32)
Unburmned 4.3 22.8 28.5 0.17 2.8 1.50
Aor. 14 0.1) (3.2) (5.0) (0.01) (0.4) (0.03)
Pt Burned 47 38.2 30.2 0.19 29 2.87
(0.3) (6.2) (3.1) (0.01) 0.5) (0.46)
Unburned 44 27.7 29.9 0.16 2.3 1.86
e, 22 0.1) @.1) 6.1) (0.02) 0.2) (0.24)
) Burned 44 354 35.5 0.19 3.2 247
urne 0.1) (4.5) (8.9) (0.03) (0.5) (0.39)
Unburmed 44 28.1 37.7 0.22 25 1.21
Seo. 4 0.1) (3.2) (3.8) (0.02) 0.3) (0.11)
p- Burned 4.5 33.0 424 0.24 34 2.84
0.1) (.7) (8.6) (0.04) 0.5) (0.24)
Unburned 4.3 27.6 31.8 0.18 2.7 1.43
Nov. 12 0.1) 87) 2.3) (0.01) 0.2) (0.12)
’ Burned 4.3 32.8 35.6 0.19 3.1 2.78
(0.2) (5.6) (7.8) (0.01) (0.6) (0.54)
" standard deviation.
Table 2. Changes of soil enzyme activities after fire
Sampling . Acid Alkaline
date Treatment -Glucosidase phosphatase phosphatase Arylsulfatase
———————————— mg p-nitrophenol kg'1  p—
165 144 33.3 222
Unburned +
10 12 2.5 5.6
Feb. 14 (10) (12) (2.5) (5.6)
Burned 213 136 42.4 21.7
(23) (22) (7.1) (7.6)
155 113 344 21.8
Unburned (13) (13) ©6.8) 2.3)
Apr. 14
Burned 170 114 48.7 254
(15) (35) 9.6) 5.3)
242 217 69.1 53.6
Unburned (34) (34) 7.8) 7.8)
June. 22
Burned 262 184 78.6 65.9
(28) (34) (7.3) (6.5)
253 175 112.9 715
-y Unburned (35) (12) 89) 43)
ep.
P Burned 256 195 109.4 89.3
23) (11) (12.6) 6.9)
151 167 80.6 50.6
Unburned (25) (22) (12.2) (3.4)
Nov. 12
Burned 161 184 78.8 55.8
(45) 27) 17.6) 2.3)

T standard deviation.




136 Q538 - o]&uH] - kA

ColgH

oY,
<)
¥

20
@ NO,-N Unburned
18 O NO,-N Burned
16 m  NH,-N Unburned
o NH,-N Burned
14

Soil inorganic N (mg kg™
LR N
T
-

A
HH——

2/14 4/14 6/22 9/4 1112

Sampling date (month/day)
Fig. 1. Changes of soil inorganic nitrogen (NH; and NO;-N)
after fire.
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Fig. 2. Changes of total EL-FAMEs concentration in soil
after fire.

Microbial community structure
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Fig. 3. Principal components analyses of whole EL-FAMEs
profiles from burned and unburned soil. A, B, and C in
the figure indicate the sampling time of 1, 5, and 10
month after fire, respectively.

Dol A= 7ML o] Aopd Ao oz}, k=
WY 5 A kel JeliA gram- bacteria’} gram+
bacteriakith W] 7] wito]of,

A EL-FAMEsE olg8A Az 24 1, 5,10 712 &
principal component analysesE ¥ Z¥-= Fig. 33 &
oL AR 3 10§ AR g uakskA o) vl A T
E= e Sl AlE Bl o AA| Wel oF 75%
= AYE otk Ty Ak 3§ ARto] A gt
upe} ks of BakEkA o] v e R e MR ulsE
A 10719 & 2}o]2 1molx| okojr}. olubA o ® A

] FHEoko] o]3lehA Az L A3l 5




Ahgol B vE 2Rl 84 g4 Wt viAE 9% 137

2-3d o|ufje]] A1 o] e AlelE 3=, 723 Hamman
S50 olabd A A 14702 $ 218 g} v)AkEEA] ALo]
o ngE 2 2ol AtE] Aol whA tE27] Yeht
o, okslA| eE w2 X2 & Aol7) (e AoE Has)t
Ak wEbA 2 AFA ] A, B nAE TRo] wEA
358 28 Ao e A agute] AHZO] deE Wi 5
& SR R SE 0 ok Aol W

278, o]&H]E= wHRIAAF BK 21 Programe] €]
o 7
=

ASLBIER

1. Korea Forest Service. 2003. The characteristics of
forest fires.

2. Forest Fire Information System. 2007. A= 8# 8}

3. Hamman, S.T., Burke, I.C., and Stromberger, M.E.
2007. Relationships between microbial community
structure and soil environmental conditions in recently
burned systems. Soil Biology & Biochemistry. 39:
1703-1711.

4. Raison, R.J. 1979. Modification of the soil environ-
ment by vegetation fires, with particular reference
to nitrogen transformations: a review. Plant Soil. 51:
73-108.

5. Carballas, T. 2003. Los incendios forestales. In: re-
flexiones sobre el medio ambiente en Galicia. Xunta
de Galicia, Santiago de Compostela, Spain, pp. 362
-415.

6. Choung, Y. and Kim, J.H. 1987. Effects of fire on
chemical properties of soil and runoff, and phy-
tomass in Pinus densiflora forest. Korean Journal of
Ecology. 10:129-138.

7. Kang, S.J. and Lee, ].T. 1982. Ecological studies on
vegetation recovery of burned field after forest
fire. Korean Journal of Ecology. 5:54-62.

8. Kim, W. 1989. The secondary succession and species
diversity at the burned area of the pine forest.
Korean Journal of Ecology. 12:285-295.

9. Sim, HB. and Kim, W. 1993. Comparison of the
community structure in the burned and unburned
areas in Seobje-Gol. Korean Journal of Ecology.
16:429-438.

10. Smith, J.E.,, McKay, W., Brenner, G., Mclver, ],

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

and Spatafora, J.W. 2005. Early impacts of forest
restoration treatments on the ectomycorrhizal fungal
community and fine root biomass in a mixed
conifer forest. Journal of Applied Ecology. 42:526
-535.

Visser, S. 1995. Ectomycorrhizal fungal succession
in jack pine stands following wildfire. New Phy-
tologist. 129:389-401.

Vazquez, FJ., Acea, M.J., and Carballas, T. 1993.
Soil microbial populations after wildfire. FEMS Mic-
robiology Ecology. 13:93-104

Fritze, H., Pennanen, T., and Pietikainen, J. 1993.
Recovery of soil microbial biomass and activity from
prescribed burning. Canadian Journal of Forest
Research. 23:1286-1290

Pietikainen, J. and Fritze, H. 1995. Clear-cutting and
prescribed burning in coniferous forest: comparison
of effects on soil fungal and total microbial biomass,
respiration activity and nitrification. Soil Biology
& Biochemistry. 27(1): 101-105.

Dumontet, S., Dinel, H., Scopa, A., Mazzatura, A.,
and Saracino, A. 1996. Post-fire soil microbial bio-
mass and nutrient content of a pine forest soil from
a Dunal Mediterranean environment. Soil Biology
& Biochemistry. 28:1467-1475

Villar, M.C., Petrikova, V., Diaz-Ravina, M., and
Carballas, T. 2004. Changes in soil microbial bio-
mass and aggregate stability following burning and
soil rehabilitation. Geoderma. 122:73-82.

Bisset, J. and Parkinson, D. 1980. Long-term effects
of fire on the composition and activity of the soil
microflora of a subalpine, coniferous forest. Canadian
Journal of Botany. 58:1704-1721.

Cho, Y.H. and Kim, W. 1992. Secondary succession
and species diversity of Pinus densiflora forest after
fire. Korean Journal of Ecology. 15:337-344

Je, SH. and Kim, W. 1997. Comparision of plant
community structures in cut and uncut area at burned
area of Mt. Gumo-san. Journal of Korean Forestry
Society. 86:509-520.

Kim, W., Park, J.H., and Cho, Y.H. 1999. Effects
of fire on forest vegetation in Mt. Samma. Korean
Journal of Ecology. 22:145-153

Sim, H.B. and Kim, W. 1996. Dynamics of the
plant community structure and soil properties in
the burned and unburned areas of the Mt. Cholye
-san. Korean Journal of Ecology. 19:417-430




138

©F g - ol b -

ColgH

gEEs

22.

23.

24.

25.

26.

27.

28.

29.

Jang, 1.S. 1999. Influence on the buried soil seed
population effected on processes of initial vegetation
change in the burned areas at Kosung. PhD Thesis.
Daejon University, Korea.

Lee, WK, Kim, C.,, Cha, SH., Kim, Y.K,, Byun,
J.K., Koo, K.S., and Park, J.W. 1997. Fire effects on
soil physical and chemical properties following the
forest fire in Kosung. Korean Journal of Ecology.
20:157-162.

Mun, HT. and Choung, Y. 1996. Effects of forest
fire on soil properties in pine forests in Kosung.
Kangwon Province. Korean Journal of Ecology. 19:
357-383

Schutter, M.E. and Dick, R.P. 2000. Comparison of
fatty acid methyl ester (FAME) methods for charac-
terizing microbial communities. Soil Science Society
of America Journal. 64:1659-1668.

Tabatabai, M.A. 1994. Soil enzyme. In Methods of
soil analysis Part 2. Microbiological and biochemical
properties. ed. ].M. Bigham. pp. 775-843. SSSA, Inc.
Madison. WL

Grogan, P., Bruns, T.D., and Chapin, E.S. 2000. Fire
effects on ecosystem nitrogen cycling in a Californian
bishop pine forest. Oecologia. 122:537 -544.
Raison, R.J. 1979. Modification of the soil environ-
ment by vegetation fires, with particular reference
to nitrogen transformations. Plant Soil 51:73-108
Juma, N.G. and Tabatabai, M.A. 1978. Distribution
of phosphomonoesterases in soils. Soil Science.
126:101-108.

30.

31.

32.

33.

34.

35.

37.

Acosta-Martinez, V. and Tabatabai, M.A. 2000.
Enzyme activities in a limed agricultural soil. Biology
and Fertility of Soils. 31:85-91.

Amann, R.,, Ludwig, W., and Schleifer, K.H. 1995.
Phylogenetic identification and in situ detection
of individual microbial cells without cultivation.
Microbiology. 59:143-149.

Zelles, L. 1999. Fatty acid patterns of phospholipids
and lipopolysaccharides in the characterisation of
microbial communities in soil: a review. Biology
and Fertility of Soils. 29:111-129

Hamman, S.T., Burke, I.C., and Stromberger, M.E.
2007. Relationships between microbial community
structure and soil environmental conditions in a
recently burned system. Soil Biology & Biochemistry.
39:1703-1711.

Diaz-Ravina, M. Prieto, A., Acea, M.J., and Car-
ballas, T. 1992. Fumigation-extraction method to
estimate microbial biomass in heated soils. Soil
Biol. Biochem. 24:259-264.

TR, AT, vkEA, ol¥E, o]F3) 1985, HAtA]
oflx1e] Aol Al Bl gt mlX|= gkl A%
AHID). S 8tE|A]. 68:37-45.

. RDA. 1988. Methods of soil chemical analysis. National

Institute of Agriculture Science and Technology, RDA,
Suwon.

Kaur, A.,, Chaudhary, A., Choudhary, R., and Kaushik,
R. 2005. Phospholipid fatty acid- bioindicator of
environment monitoring and assessment in soil
ecosystem. Current Science. 89:1103-1112.





<<
  /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


