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Abstract 
 

The relationship between light-saturated photosynthetic capacity (Pmax) and leaf nitrogen (N) content was investigated 
for one year in a 15-year-old Chamaecyparis obtusa canopy and was compared with a Cryptomeria japonica canopy 
previously described. The linear regression between Pmax and leaf N content tended to converge toward a single line 
segment from July to January and in May for C. obtusa. The slope of the linear regression between Pmax and leaf N 
content of C. obtusa was gentler than that of C. japonica. The smaller regression coefficient of C. obtusa may reflect 
species differences in nitrogen nutrition requirements between C. obtusa and C. japonica. A pronounced decrease in the 
slope of the linear regression lines due to low temperature was observed in February and March. During this period, Pmax 
of C. obtusa declined more than that of C. japonica suggesting that C. obtusa is less tolerant to low temperatures than 
C. japonica. 
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The Hinoki cypress [Chamaecyparis obtusa (Sieb. et 
Zucc.) Endl.] is a common plantation species that has 
become a symbol of Japanese traditional culture, together 
with the Japanese cedar (Cryptomeria japonica D. Don). 
C. obtusa and C. japonica have geographically similar 
natural distributions, and the planting area of the two 
species accounts for 65% of the total plantation area in 
Japan (C. obtusa 25%, C. japonica 40%). Recently, 
carbon dioxide (CO2) absorption by these plantations has 
received attention from the standpoint of carbon seque-
stration and climate-change mitigation (e.g., Cannell 
1999, Jandl et al. 2007). 

The light-saturated photosynthetic capacity (Pmax) is 
positively correlated with leaf nitrogen (N) content in 
many plant species (Field and Mooney 1986). Using the 
Pmax-N relationship, the amount of CO2 absorption has 
been calculated based on the leaf N content in many plant 
canopies (e.g., Hirose and Werger 1987, Hollinger 1996) 
including C. japonica (Kobayashi 2010). However, less  
 

information is available on photosynthetic traits for 
C. obtusa than for C. japonica, including the Pmax-N 
relationship and temperature dependency. In this study, 
we measured the Pmax-N relationship in a C. obtusa 
canopy over the course of a year and compared the results 
with the data for C. japonica, which we had described 
previously (Kobayashi et al. 2010). 

Measurements were made in the Fukuoka Research 
Forest, a Kyushu University Forest located in Fukuoka, 
southwest Japan (33°38’N, 130°31’E, 79 m a.s.l.). The 
climatic zone of this area is warm-temperate. According 
to the annual report of the Kyushu University Forests for 
the study period from 2000 to 2001, the mean annual air 
temperature and annual precipitation were 15.8°C and 
1,250 mm in 2000, and 15.7°C and 1,730 mm in 2001, 
respectively (Fig. 1A).  

A 15-year-old stand of C. obtusa, planted at a density 
of 3,000 trees per ha, was used in this study. Three 
neighboring trees of typical height and diameter were 
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used for the measurements (n = 3). The canopy was 
closed, and the mean tree height was 9.6 m and the height 
of the lowest living branch was 3.3 m. The mean 
diameter at breast height was 14 cm. Scaffolding was 
erected to provide access to the canopy. The tree canopies 
were divided into six layers at equal intervals from the 
top to the bottom. Three primary branches diverging from 
the trunk were selected from the three trees (one branch 
per tree) in each canopy layer. All primary branches were 
selected from the southern side of the canopy. 

The light-saturated rate of photosynthesis of third-
order leaves (i.e., 0- to 1-year-old leaves) was measured 
intact at the tip of each primary branch using a portable 
open gas-exchange system (LCA-4, ADC BioScientific, 
Hoddesdon, UK). Leaves in each canopy layer were 
measured monthly from June 2000 to May 2001. Mea-
surements were performed between 08:00 h and 11:00 h 
with a photosynthetic photon flux density (PPFD) (400 to 
700 nm) over 1,400 μmol m–2 s–1 and at ambient CO2 
concentration (334 to 382 ppm), air temperature (15 to 
38°C), and relative humidity (21 to 64%) on clear days. 
Stems and branches in the upper portion of the canopy 
were moved aside to provide sufficient light in the lower 
portion of the canopy. After the gas-exchange measure-
ments, each leaf was excised from its branch, and the 
projected area, dry mass, and N concentration were 
determined. Leaves were placed horizontally on a flatbed 
image scanner (GT-5500, Epson, Suwa, Japan), and their 
projected area was measured. The dry mass of each leaf 
was measured after drying at 65C for 48 h. The leaf dry 
mass was divided by the leaf-projected area to obtain the 
leaf mass per area [g m–2]. The N concentration [mg(N) 
g–1] was determined with a CN analyzer (MT-700, 
Yanaco, Kyoto, Japan). The N concentration and leaf 
mass per area were multiplied to express the leaf N 
content on an area basis [g(N) m–2]. 

The PPFD was measured within a week after the gas-
exchange measurement with a level quantum sensor  
(LI-190SA, Li-Cor, Lincoln, USA) and recorded with  
a Li-Cor data logger (LI-1400). The relative PPFD was 
calculated against a reference PPFD measured simulta-
neously above the canopy. Measurements were taken 
between 10:00 h and 14:00 h under an overcast sky. 

A two-way analysis of variance (ANOVA) was used to 
test the effects of spatial (canopy layer) and temporal 
(sampling date) variations on Pmax and the leaf N content. 
Linear regression was performed with Pmax as a depen-
dent variable against the leaf N content. Differences in 
the slope and y-intercept of the linear regression between 
sampling dates and between species were tested by an 
analysis of covariance (ANCOVA). All tests of signifi-
cance were set at P<0.05. Statistical analyses were 
carried out using the STATISTICA 5.0J computer soft-
ware package (StatSoft, Tulsa, USA). 

The relative PPFD (R-PPFD) in a C. obtusa canopy 
decreased from June to October, then remained steady 
thereafter in each canopy layer (Fig. 1B). This seasonal  

 
 
Fig. 1. Temporal variations in (A) maximum, minimum, and 
mean air temperature, (B) relative photosynthetic photon flux 
density (R-PPFD), (C) light-saturated photosynthetic capacity 
(Pmax), and (D) leaf nitrogen content from June 2000 to May 
2001. Meteorological data were collected at the arboretum in 
the Fukuoka Research Forest of the Kyushu University Forests. 
Panel A was redrawn after Kobayashi et al. (2010). A: ● – the 
maximum air temperature, ▲ – the minimum air temperature, 
and ○ – the mean air temperature. Canopy data were collected 
in a 15-year-old Chamaecyparis obtusa canopy. Means and 
standard errors of means (n = 3) are indicated in Figs. (B), (C), 
and (D). B,C,D: ● – the top layer, ■ – the 2nd layer, ▲ – the 3rd 
layer, ○ – the 4th layer, □ – the 5th layer, and  – the bottom 
layer of the canopies.  
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Fig. 2. Linear regression equations between leaf nitrogen 
content and light-saturated photosynthetic capacity (Pmax) for 
the given sampling dates in a 15-year-old Chamaecyparis 
obtusa canopy. The numbers beside the regressions refer to the 
months. The linear regression for March (dashed line) was not 
significant (P=0.219). Linear regressions are June: y = 1.98 + 
0.92 x, r=0.660, P<0.01; July: y = –1.78 + 2.32 x, r = 0.749, 
P<0.001; August: y = –2.96 + 3.03 x, r = 0.820, P<0.001; 
September: y = –1.31 + 2.72 x, r = 0.715, P<0.001; October: 
y = –4.67 + 3.89 x, r = 0.837, P<0.001; November: y = –4.27 + 
3.58 x, r = 0.938, P<0.001; December: y = –3.10 + 3.16 x,  
r = 0.926, P<0.001; January: y = –4.45 + 3.50 x, r = 0.905, 
P<0.001; February: y = 0.70 + 0.49 x, r = 0.586, P<0.05; 
March: y = 5.02 – 0.56 x, r = 0.305, P>0.05; April: y = 0.87 + 
1.09 x, r = 0.742, P<0.001; May: y = –1.34 + 2.41 x, r = 0.701, 
P<0.01. 
 

trajectory of temporal variation in R-PPFD represents 
shoot elongation in the C. obtusa canopy. R-PPFD 
decreased with increasing depth from the top of the 
canopy, ranging from maximum values of 0.95 to 0.71  
in the uppermost layer of the canopy to minimum values 
of 0.17 to 0.03 in the bottom layer.  

The Pmax and leaf N content differed significantly 
between canopy layers (Pmax:F = 41.3, P<0.001; leaf N: 
F = 10.6, P<0.001). Both Pmax and leaf N content 
decreased with increasing depth from the top of the 
canopy (Figs. 1C,D) and were significantly correlated 
with R-PPFD on each sampling date (Pmax: r = 0.519 to 
0.949; leaf N content: r = 0.777 to 0.961). As a con-
sequence, a significant correlation was observed between 
Pmax and leaf N content on each sampling date except in 
March (Fig. 2). The Pmax and leaf N content also differed 
significantly between sampling dates (Pmax: F = 126, 
P<0.001; leaf N: F = 195, P<0.001). However, the 
seasonal trajectory of the temporal variation in Pmax dif-
fered from that of the leaf N content. Pmax increased from 
June to November, then decreased until February, and 
increased thereafter (Fig. 1C). The leaf N content 
decreased from June to August, then increased until  
 

November, and decreased gradually thereafter (Fig. 1D). 
As a consequence, the slope of the linear regression 
between Pmax and leaf N content differed significantly 
between sampling dates (F = 12.50, P<0.001). The linear 
regression between Pmax and leaf N content tended to 
converge toward a single line segment from July to 
January and in May (Fig. 2). Pooled data for these eight 
sampling dates yield a linear equation of y = – 3.16 + 
3.17 x, r = 0.843, P<0.001, representing a more gentle 
slope than that of C. japonica (y = – 5.81 + 4.50 x, 
Kobayashi et al. 2010), obtained from similar sampling 
period (August, October, November, December, and 
April). The slope of linear regression between Pmax and 
leaf N content of C. obtusa was significantly lower than 
C. japonica for data pooled for August and October  
(F = 4.66, P<0.05). The slope of the Pmax-N relationship 
reflects the sensitivity of tree growth to nitrogen nutrition. 
Photosynthesis (Nagasaki and Gyokusen 2006) and 
whole plant biomass (Nagakura et al. 2005) of C. obtusa 
are less sensitive to nitrogen nutrition than those for 
C. japonica. Thus, the gentler slope of C. obtusa may 
reflect species differences in nitrogen nutrition require-
ments between C. obtusa and C. japonica. A pronounced 
decrease in the slope of the linear regression lines was 
observed below the converged line segment in June, 
February, March, and April. These reductions in Pmax did 
not accompany a reduction in leaf N content. An obvious 
shoot elongation was observed in C. obtusa in June 
(Fig. 1B). Therefore, we conclude that the leaves of 
C. obtusa were not yet functionally developed, and that 
high photosynthesis could not be attained in June. Pmax in 
C. obtusa might be reduced due to low temperatures in 
February and March (Fig. 1A), the same as in C. japonica 
(Kobayashi et al. 2010). During this period, Pmax declined 
to nearly a quarter of its maximum potential, as estimated 
from the equation for the converged line segment, and 
recovered to just half of its maximum in April. In 
contrast, Pmax of C. japonica fell to only half of its 
maximum in winter (Kobayashi et al. 2010). Further-
more, Pmax of C. japonica recovered to its maximum in 
early April. Takase et al. (2010) measured Pmax in 
C. obtusa and C. japonica during winter. They demon-
strated that winter depression in Pmax was greater in 
C. obtusa than in C. japonica. Furthermore, they reported 
that Pmax of C. obtusa required a longer recovery period 
than C. japonica from winter depression in spring. Our 
study is consistent with their results. These facts suggest 
that C. obtusa is less tolerant to low temperatures than 
C. japonica. We have no definite information as to why 
Pmax was lowest in February rather than January, when 
the mean monthly air temperature was lowest (Fig. 1A,C). 
The precise process of cold acclimation in C. obtusa is 
less known than for C. japonica (Hashimoto and Suzaki 
1978, Tange 1996, Han et al. 2003, 2004), and further 
study is necessary. 

 



H. KOBAYASHI et al. 

320 

References 
 
Cannell, M.G.R.: Growing trees to sequester carbon in the UK: 

answers to some common questions. – Forestry 72: 237-247, 
1999. 

Field, C., Mooney, H.A.: The photosynthesis-nitrogen relation-
ship in wild plants. – In: Givnish, T.J. (ed.): On the Economy 
of Plant Form and Function. Pp. 25-55. Cambridge Univ. 
Press, Cambridge 1986. 

Han, Q., Katahata, S., Kakubari, Y., Mukai, Y.: Seasonal 
changes in the xanthophyll cycle and antioxidants in sun-
exposed and shaded parts of the crown of Cryptomeria 
japonica in relation to rhodoxanthin accumulation during cold 
acclimation. – Tree Physiol. 24: 609-616, 2004. 

Han, Q., Shinohara, K., Kakubari, Y., Mukai, Y.: Photoprotec-
tive role of rhodoxanthin during cold acclimation in Crypto-
meria japonica. – Plant Cell Environ. 26: 715-723, 2003. 

Hashimoto, R., Suzaki, T.: Resistances to carbon dioxide 
transfer in leaves of Cryptomeria joponica in winter, and 
influences of soil temperature on them. – J. Japan Forest Soc. 
60: 24-30, 1978. 

Hirose, T., Werger, M.J.A.: Maximizing daily canopy photo-
synthesis with respect to the leaf nitrogen allocation pattern in 
the canopy. – Oecologia 72: 520-526, 1987. 

Hollinger, D.Y.: Optimality and nitrogen allocation in a tree 
canopy. – Tree Physiol. 16: 627-634, 1996. 

Jandl, R., Vesterdal, L., Olsson, M., Bens, O., Badeck, F., Roc, J.: 
 

Carbon sequestration and forest management. – CAB 
Reviews 2: No. 017, 16 pp, 2007. 

Kobayashi, H.: [Effect of thinning on carbon dioxide absorption 
in a Cryptomeria japonica canopy. Valuation using canopy 
photosynthesis model.] – Bull. Shinshu Univ. AFC 8: 77-80, 
2010. [In Japan.] 

Kobayashi, H., Inoue, S., Gyokusen, K.: Spatial and temporal 
variations in the photosynthesis-nitrogen relationship in a 
Japanese cedar (Cryptomeria japonica D. Don) canopy. – 
Photosynthetica 48: 249-256, 2010. 

Nagakura, J., Shigenaga, H., Akama, A., Takahashi, M.: Effects 
of soil moisture and nitrogen on growth responses of 
Cryptomeria japonica and Chamaecyparis obtusa seedlings. – 
Phyton 45: 423-428, 2005. 

Nagasaki, M., Gyokusen, K.: [Photosynthesis and stomatal 
conductance of Japanese cedar and Hinoki cypress in 
response to fertilization and soil drying.] – Kyushu J. Forest 
Res. 59: 180-182, 2006. [In Japan.] 

Takase, M., Sakuta, K., Gyokusen, K.: [Comparison of photo-
synthesis between Cryptomeria japonica and Chamaecyparis 
obtusa during winter.] – 121th Annual Meeting of the Jap. 
Forest Soc. Tsukuba, Japan, Pc2-12, 2010. [In Japan.] 

Tange, T.: Seasonal changes in photosynthesis of young 
Cryptomeria japonica growing on ridges and foot-slopes. – 
Forest Ecol. Manage. 89: 93-99, 1996. 

 



<<
  /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
  /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 false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /CZE <>
  >>
  /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




