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Abstract After gibberellin had been applied to the vertical
stems of four species of angiosperm trees for approximately
2 months, we observed eccentric radial growth that was due
to the enhanced growth rings on the sides of stems to which
gibberellin had been applied. Moreover, the application of
gibberellin resulted in the formation of wood fibers in which
the thickness of inner layers of cell walls was enhanced.
These thickened inner layers of cell walls were unlignified or
only slightly lignified. In addition, cellulose microfibrils on
the innermost surface of these thickened inner layers of cell
walls were oriented parallel or nearly parallel to the longitu-
dinal axis of the fibers. Such thickened inner layers of cell
walls had features similar to those of gelatinous layers in the
wood fibers of tension wood, which are referred to as gelati-
nous fibers. Our anatomical and histochemical investigations
indicate that the application of gibberellin can induce the for-
mation of tension wood on vertical stems of angiosperm trees
in the absence of gravitational stimulus.
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Introduction

When herbaceous plants are displaced from their normal
position in space by an environmental force, such as wind,
flooding or a landslide, differential longitudinal growth of
elongating stems generally occurs to correct for the change
in orientation. However, woody plants respond differently
to such environmental changes because the extension
growth of most parts of their stems, which are the sites of
secondary growth, has ceased. Thus, woody plants respond
to positional displacement by an environmental force by
developing of a special type of secondary tissue in stems
that is referred to as reaction wood (Wardrop 1964; Timell
1986). Angiosperm trees generally form reaction wood,
known also as tension wood, on the upper sides of leaning
stems. As tension wood develops by gravitational stimulus,
it generates a strong tensile force, which can pull a large
inclined stem into a vertical or near vertical position, along
the grain of the upper side of the living stem (Okuyama
et al. 1994; Yamamoto et al. 2002). Thus, the formation of
tension wood is an important morphogenetic response to
gravitational stimulus in angiosperm trees and allows them
to maintain the appropriate form.

The characteristic anatomical and chemical features of
tension wood have been the focus of extensive study
because they are closely related to the quality of wood and
its products (Onaka 1943; Wardrop 1964; Co6té and Day
1965; Norberg and Meier 1966; Coté et al. 1969; Araki
etal. 1982; Chaffey etal. 2002; Clair et al. 2005, 2006;
Ruelle et al. 2006, 2007). However, the physiological and
molecular mechanisms responsible for the formation of ten-
sion wood remain poorly understood (Timell 1986; Little
and Pharis 1995; Mellerowicz et al. 2001; Pilate et al.
2004). Although plant hormones, in particular auxin and
ethylene, have been suggested as key factors, their roles in
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the formation of tension wood are not conclusively estab-
lished (Cronshaw and Morey 1965; Kennedy and Farrar
1965; Morey and Cronshaw 1968a, c; Moyle et al. 2002;
Andersson-Gunneras et al. 2003, 2006; Du and Yamamoto
2003; Hellgren et al. 2004).

This study was designed to examine the role of another
plant hormone gibberellin in the formation of tension
wood. The application of exogenous gibberellin affected
differentiation and lignification of fibers in stems of Coleus
blumei (Aloni 1979; Aloni et al. 1990). In addition, the
application of exogenous gibberellin accelerated formation
of well-developed tension wood in branches of Prunus
spachiana (Baba etal. 1995; Yoshida etal. 1999).
Although experiments by the application of gibberellin
have not proven the final conclusion concerning the role of
gibberellin in the control of differentiation of fibers, these
observations suggest a possible role for gibberellin in the
formation of tension wood. Therefore, we applied gibberel-
lin to the vertical stems of four species of angiosperm trees
during the middle part of the season of active cambial
growth. Then, we investigated the anatomical and histo-
chemical features of the wood fibers in the treated trees
2 months later. We provide here the first evidence, to our
knowledge, that gibberellin can induce the formation of
tension wood on vertical stems of angiosperm trees.

Materials and methods
Plant materials

Straight-growing trees of four species of angiosperms,
namely, six approximately 5-year-old specimens of Fraxi-
nus mandshurica var. japonica, six 10-year-old specimens
of Quercus mongolica var. grosseserrata, two 4-year-old
specimens of Kalopanax pictus and five 3-year-old speci-
mens of Populus sieboldii, growing in the Experimental
Forest of Hokkaido University in Sapporo or Tomakomai,
were used in this study.

We applied a 1% (w/w) mixture of gibberellic acid
(GA;) in lanolin once to one side of each vertical stem, at
breast height, in June or July, during the middle part of the
season of active cambial growth. We also applied lanolin
alone once to the opposite side of each stem as a control.
For each application, we used 1 g of lanolin. Prior to the
application, a portion of the outer bark (approximately
15 mm x 20 mm) was carefully removed with a scalpel to
facilitate penetration. The application point was covered
with aluminum foil after GA; in lanolin or lanolin alone
had been applied. After approximately 2 months, all of the
trees were felled. Small blocks containing phloem, cambial
zone cells and xylem were taken from the stems at the sides
of application of GA; in lanolin or lanolin alone. Each
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block was trimmed to 810 mm cubes and slivers that were
2-3 mm thick.

Light microscopy

The 8-10 mm cubes were fixed in FAA (a mixture of 50%
ethanol, acetic acid and formaldehyde, 18:1:1, by vol.).
Transverse sections of 15 pm in thickness were cut from
the FAA fixed cubes on a sliding microtome (LS-113;
Yamatokohki, Saitama, Japan). Sections were stained with
a 1% solution of safranin-fast green. They were observed
with a light microscope (BHS-2; Olympus, Tokyo, Japan).

Ultraviolet microscopy

The 2-3 mm thick slivers were fixed in a 4% solution of
glutaraldehyde in 0.1 M phosphate buffer (pH 7.2) over-
night at room temperature. They were then washed with the
buffer, dehydrated through a graded ethanol series and were
embedded in epoxy resin. Transverse sections of 1 um in
thickness were cut from epoxy-embedded samples with a
glass knife, placed on quartz slides and mounted in glycer-
ine with quartz coverslips. Photographs were taken under
an ultraviolet (UV) microscope (MPM-800; Carl Zeiss,
Jena, Germany) at a wavelength of 280 nm for determina-
tion of the extent of lignification (Nakaba etal. 2006;
Watanabe et al. 20006).

Field emission-scanning electron microscopy (FE-SEM)

The 2-3 mm thick slivers were fixed in a 4% solution of
glutaraldehyde in 0.1 M phosphate buffer (pH 7.2) over-
night at room temperature and then washed with the buffer
and with distilled water. The longitudinal radial surfaces
that were to be examined were exposed with a sliding
microtome. The samples were then treated with a dilute
solution of sodium hypochlorite for 1 min to remove cyto-
plasm. After further washing with water, the samples were
post-fixed in 1% OsO, in distilled water for 2 h at room
temperature. After washing with distilled water, the sam-
ples were dehydrated in a graded ethanol series, dried by a
t-butyl alcohol freeze—drying method and lightly coated
with platinum in a vacuum evaporator (Abe etal. 1991,
1995). Specimens were observed with a field emission-
scanning electron microscope (JSM-6301F; JEOL Co.,
Tokyo, Japan) at an accelerating voltage of 2.5 kV (Sano
and Jansen 2006).

Results and discussion

In angiosperm trees the formation of tension wood is often
accompanied by eccentric radial growth towards the upper
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side of a leaning stem (Wardrop 1964). In addition, tension
wood is usually characterized by the presence of gelatinous
fibers, which contain a thickened the inner layer of cell
walls, known as gelatinous layer. The main characteristic
features of the gelatinous layer are that it is composed
entirely or almost entirely of cellulose and unlignified or
only partially lignified (Wardrop 1964; Coté and Day 1965;
Coté et al. 1969; Timell 1986). Cellulose microfibrils in the
gelatinous layer are oriented parallel or nearly parallel to

the longitudinal axis of the fibers (C6té and Day 1965;
Prodhan et al. 1995a, b).

Approximately 2 months after the application of GA;,
we observed, in all cases, eccentric radial growth that was
due to the wider growth ring on the side to which GA; had
been applied than on the control side (Fig. 1a). In addition,
the application of GA; resulted in similar changes in the
anatomical features of the wood fibers in all species exam-
ined. All treated trees had formed wood fibers in which the

Fig. 1 Anatomical and histochemical features of vertical stems of
angiosperm trees after the application of gibberellin. a Fraxinus mand-
shurica var. japonica. A cross section of a stem at the application point
of gibberellin in lanolin or lanolin (control). A wider growth ring on the
gibberellin-applied side (asterisk) than on the control opposite side is
shown. Scale bar 1 cm. b Quercus mongolica var. grosseserrata. Light
photomicrograph of a transverse section of a stem on the gibberellin-
applied side showing wood fibers with thickened inner layers of cell
walls. The inner layers of cell walls are stained green by the solution
of safranin-fast green and are pulled slightly away from the remainder

of the cell wall. Scale bar 100 pm. ¢ Kalopanax pictus. Ultraviolet
photomicrograph at a wavelength of 280 nm of a stem on the gibberel-
lin-applied side showing the absence or only a very low level of
absorption in the inner layers of cell walls of wood fibers (arrows).
Scale bar 10 pm. d Populus sieboldii. Field emission-scanning elec-
tron micrograph on the innermost surface of the inner layer of the cell
wall of wood fiber of a stem on the gibberellin-applied side. The paral-
lel orientation of cellulose microfibrils (arrows) relative to the fiber
axis is shown. Scale bar 0.5 pm
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thickness of inner layers of cell walls was enhanced at the
site of application of GA; (Fig. 1b). These inner layers of
cell walls were stained green by a solution of safranin-fast
green, an indication that they contained large amounts of
cellulose but very small amounts of lignin. No similar
thickened inner layers of cell walls were found in wood
fibers on the control sides of trees. The secondary cell walls
of the wood fibers strongly absorbed UV light at 280 nm,
an indication of lignification (Fig. 1c). By contrast, the
inner layers of cell walls absorbed little or no UV light.
Therefore, the thickened inner layers of cell walls were
unlignified or only slightly lignified. The presence of such
thickened inner layers of cell walls is a characteristic fea-
ture of the wood fibers in tension wood, which are referred
to as gelatinous fibers.

Examination of cellulose microfibrils on the innermost
surface of the inner layers of cell walls by FE-SEM
revealed that the microfibrils were close to each other and
oriented parallel or nearly parallel to the longitudinal axis
of the fibers (Fig. 1d). These characteristics of cellulose
microfibrils are also typical of gelatinous layers. Therefore,
the wood fibers on the gibberellin-applied sides of vertical
stems of all the angiosperm trees examined had anatomical
and histochemical features similar to those of the gelatinous
fibers in the tension wood that is formed on the upper sides
of leaning stems.

Considerable evidence indicates that gibberellin plays an
important role in the radial and longitudinal growth and
differentiation of secondary xylem cells in trees (Little and
Savidge 1987; Little and Pharis 1995; Aloni et al. 2000; Eri-
ksson et al. 2000; Israelsson et al. 2005; Diinisch et al. 2006;
Bjorklund etal. 2007). However, it has been unclear
whether gibberellin plays a key role in the formation of ten-
sion wood because inconsistent results have been reported.
In Acer rubrum, the application of gibberellin stimulated the
rate of xylem production but did not induce the formation of
tension wood in vertical shoots (Cronshaw and Morey 1968;
Morey and Cronshaw 1968b). These results suggest that
gibberellin might play only a minor role in the formation of
tension wood. Furthermore, the application of uniconazol-P,
an inhibitor of the biosynthesis of gibberellin, to horizon-
tally positioned stems of F. mandshurica var. japonica
inhibited upward bending (negative gravitropism) and
xylem production but did not prevent the formation of gelat-
inous fibers on the upper sides of stems (Jiang et al. 1998a,
b). By contrast, the application of exogenous gibberellin to
the apical buds of elongating branches of a weeping-type
cherry, Prunus spachiana, caused branches to bend upward
(Nakamura et al. 1994). This phenomenon was apparently
due to strong tensile growth stress on the upper sides of
branches, which was generated by the gibberellin-acceler-
ated formation of well-developed tension wood (Baba et al.
1995; Yoshida et al. 1999). These observations suggested a
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possible role for gibberellin in the signaling required for the
formation of developed tension wood in branches.

Our present results show clearly that the application of
gibberellin can induce the formation of tension wood on
vertical stems of several species of angiosperm trees in the
absence of gravitational stimulus. Therefore, it is likely that
the application of gibberellin and the gravitational stimulus
elicit similar responses with respect to secondary xylem
development in the stems of angiosperm trees. In addition,
the application of gibberellin resulted in the widening of
growth rings, as compared to controls, and such widening is
indicative of active cambial growth. We propose that the
application of gibberellin induces the expression of specific
genes that are involved in the division of cambial cells and
the xylem differentiation of cambial derivatives in a manner
similar to the induction that occurs in response to the gravi-
tational stimulus. Thus, gibberellins might be involved in
the signal-transduction pathways whereby angiosperm trees
respond to gravitational stimulus and they might play an
important role in the maintenance of tree form.

Numerous experiments by the application of exogenous
auxin or auxin-transport inhibitors have suggested that ten-
sion wood is induced by a difference in levels of auxin
around the stem and deficiency of auxin (Timell 1986; Lit-
tle and Savidge 1987). However, Hellgren et al. (2004)
found that tension wood was formed without any obvious
alternations in balance of endogenous auxin in the cambial
region. Therefore, direct information on the endogenous
status of plant hormones is required for the correct interpre-
tation of experiments by the application of exogenous plant
hormones. A recent reliable study in vertical stems of Pop-
ulus tremula demonstrated that endogenous bioactive gib-
berellins showed peak levels in expanding xylem cells but
very low levels in cambial cells and differentiating xylem
cells that were in the process of secondary wall formation
(Israelsson et al. 2005). Thus, if gibberellins are involved in
the active division of cambial cells and the differentiation of
gelatinous fibers, endogenous bioactive gibberellins across
the cambial region might be redistributed by gravitational
stimulus. To establish the role of gibberellins in the forma-
tion of tension wood, we need to investigate levels of
endogenous gibberellins in cambial cells and differentiating
xylem cells in leaning stems of angiosperm trees.

Acknowledgments This work was supported in part by Grants-in-
Aid for Scientific Research from the Ministry of Education, Science,
Sports and Culture of Japan (nos. 17580137 and 19580183).

References

Abe H, Ohtani J, Fukazawa K (1991) FE-SEM observation on the
microfibrillar orientation in the secondary wall of tracheids.
TAWA Bull 12:431-438



Planta (2008) 227:1409-1414

1413

Abe H, Funada R, Imaizumi H, Ohtani J, Fukazawa K (1995) Dynamic
changes in the arrangement of cortical microtubules in conifer
tracheids during differentiation. Planta 197:418-421

Aloni R (1979) Role of auxin and gibberellin in differentiation of pri-
mary phloem fibers. Plant Physiol 63:609-614

Aloni R, Tollier MT, Monties B (1990) The role of auxin and gibber-
ellin in controlling lignin formation in primary phloem fibers and
in xylem of Coleus blumei stems. Plant Physiol 94:1743-1747

Aloni R, Feigenbaum P, Kalev N, Rozovsky S (2000) Hormonal con-
trol of vascular differentiation in plants: the physiological basis of
cambium ontogeny and xylem evolution. In: Savidge RA, Barnett
JR, Napier R (eds) Cell and molecular biology of wood formation.
BIOS Scientific Publisher, Oxford, pp 223-236

Andersson-Gunneras S, Hellgren J, Bjorklund S, Regan S, Moritz T,
Sundberg B (2003) Asymmetric expression of a poplar ACC oxi-
dase controls ethylene production during gravitational induction
of tension wood. Plant J 34:339-349

Andersson-Gunneras S, Mellerowicz EJ, Love J, Segerman B, Ohmiya
Y, Coutinho P, Nilsson P, Henrissat B, Moritz T, Sundberg B
(2006) Biosynthesis of cellulose-enriched tension wood in Popu-
lus: global analysis of transcripts and metabolites identifies bio-
chemical and developmental regulators in secondary wall
biosynthesis. Plant J 45:144-165

Araki N, Fujita M, Saiki H, Harada H (1982) Transition of the fiber
wall structure from normal wood to tension wood in Robinia
pseudoacacia L. and Populus euramericana Guinier. Mokuzai
Gakkaishi 28:267-273

Baba K, Adachi K, Take T, Yokoyama T, Itoh T, Nakamura T (1995)
Induction of tension wood in GAs-treated branches of the weep-
ing type of Japanese cherry, Prunus spachiana. Plant Cell Physiol
36:983-988

Bjorklund S, Antti H, Uddestrand I, Moritz T, Sundberg B (2007)
Cross-talk between gibberellin and auxin in development of Pop-
ulus wood: gibberellin stimulates polar auxin transport and has a
common transcriptome with auxin. Plant J 52:499-511

Chaffey N, Barlow P, Sundberg B (2002) Understanding the role of the
cytoskeleton in wood formation in angiosperm trees: hybrid aspen
(Populus tremula x P. tremuloides) as the model species. Tree
Physiol 22:239-249

Clair B, Thibaut B, Sugiyama J (2005) On the detachment of the gelat-
inous layer in tension wood fiber. J Wood Sci 51:218-221

Clair B, Ruelle J, Beauchéne J, Prévost MF, Fournier M (2006) Ten-
sion wood and opposite wood in 21 tropical rain forest species 1.
Occurrence and efficiency of the G-layer. IAWA J 27:329-338

Coté WA, Day AC (1965) Anatomy and ultrastructure of reaction
wood. In: Coté WA Jr (ed) Cellular ultrastructure of woody
plants. Syracuse University Press, Syracuse, pp 391-418

Coté WA, Day AC, Timell TE (1969) A contribution to the ultrastruc-
ture of tension wood fibers. Wood Sci Technol 3:257-271

Cronshaw J, Morey PR (1965) Induction of tension wood by 2,3,5-tri-
iodobenzoic acid. Nature 205:816-818

Cronshaw J, Morey PR (1968) The effect of plant growth substances
on the development of tension wood in horizontally inclined
stems of Acer rubrum seedlings. Protoplasma 65:379-391

Du S, Yamamoto F (2003) Ethylene evolution changes in the stems of
Metasequoia glyptostroboides and Aesculus turbinata seedlings
in relation to gravity-induced reaction wood formation. Trees
17:522-528

Diinisch O, Fladung M, Nakaba S, Watanabe Y, Funada R (2006)
Influence of overexpression of a gibberellin 20-oxidase gene
on the kinetics of xylem cell development in hybrid poplar
(Populus tremula L. and P. tremuloides Michx.). Holzfors-
chung 60:608-617

Eriksson ME, Israelsson M, Olsson O, Moritz T (2000) Increased gib-
berellin biosynthesis in transgenic trees promotes growth, bio-
mass production and xylem fiber length. Nat Biotech 18:784-788

Hellgren JM, Olofsson K, Sundberg B (2004) Patterns of auxin distri-
bution during gravitational induction of reaction wood in poplar
and pine. Plant Physiol 135:212-220

Israelsson M, Sundberg B, Moritz T (2005) Tissue-specific localiza-
tion of gibberellins and expression of gibberellin-biosynthesis
and signaling genes in wood-forming tissues in aspen. Plant J
44:494-504

Jiang S, Furukawa I, Honma T, Mori M, Nakamura T, Yamamoto F
(1998a) Effects of applied gibberellins and uniconazole-P on
gravitropism and xylem formation in horizontally positioned
Fraxinus mandshurica seedlings. J Wood Sci 44:385-391

Jiang S, Honma T, Nakamura T, Furukawa I, Yamamoto F (1998b)
Regulation by uniconazole-P and gibberellins of morphological
and anatomical responses of Fraxinus mandshurica seedlings to
gravity. IAWA J 19:311-320

Kennedy RW, Farrar JL (1965) Induction of tension wood with anti-
auxin 2,3,5-tri-iodobenzoic acid. Nature 208:406—407

Little CHA, Pharis RP (1995) Hormonal control of radial and longitu-
dinal growth in the tree stem. In: Gartner BL (ed) Plant stems.
Academic Press, San Diego, pp 281-319

Little CHA, Savidge RA (1987) The role of plant growth regulators in
forest tree cambial growth. Plant Growth Regul 6:137-169

Mellerowicz EJ, Baucher M, Sundberg B, Boerjan W (2001) Unravel-
ling cell wall formation in the woody dicot stem. Plant Mol Biol
47:239-274

Morey PR, Cronshaw J (1968a) Developmental changes in the second-
ary xylem of Acer rubrum induced by various auxins and 2,3,5-
tri-iodobenzoic acid. Protoplasma 65:287-313

Morey PR, Cronshaw J (1968b) Developmental changes in the second-
ary xylem of Acer rubrum induced by gibberellic acid, various
auxins and 2,3,5-tri-iodobenzoic acid. Protoplasma 65:315-326

Morey PR, Cronshaw J (1968c¢) Induction of tension wood by 2,4-dini-
trophenol and auxins. Protoplasma 65:393-405

Moyle R, Schrader J, Stenberg A, Olsson O, Saxena S, Sandberg G,
Bhalerao RP (2002) Environmental and auxin regulation of wood
formation involves members of the Aux/[AA gene family in
hybrid aspen. Plant J 31:675-685

Nakaba S, Sano Y, Kubo T, Funada R (2006) The positional distribu-
tion of cell death of ray parenchyma in a conifer, Abies sachalin-
ensis. Plant Cell Rep 25:1143-1148

Nakamura T, Saotome M, Ishiguro Y, Itoh R, Higurashi S, Hosono M,
Ishii Y (1994) The effects of GA; on weeping of growing shoots
of the Japanese cherry, Prunus spachiana. Plant Cell Physiol
35:523-527

Norberg PH, Meier H (1966) Physical and chemical properties of the
gelatinous layer in tension wood fibres of aspen (Populus tremula
L.). Holzforschung 20:174—-178

Okuyama T, Yamamoto H, Yoshida M, Hattori Y, Archer RR (1994)
Growth stresses in tension wood. Role of microfibrils and lignifi-
cation. Ann Sci For 51:291-300

Onaka F (1943) Studies on compression- and tension-wood. Bull
Wood Res Inst Kyoto Univ 1:1-88

Pilate G, Dejardin A, Laurans F, Leple JC (2004) Tension wood as a
model for functional genomics of wood formation. New Phytol
164:63-72

Prodhan AKMA, Funada R, Ohtani J, Abe H, Fukazawa K (1995a)
Orientation of microfibrils and microtubules in developing ten-
sion-wood fibres of Japanese ash (Fraxinus mandshurica var.
Jjaponica). Planta 196:577-585

Prodhan AKMA, Ohtani J, Funada R, Abe H, Fukazawa K (1995b) Ul-
trastructural investigation of tension wood fibre in Fraxinus
mandshurica Rupr. var. japonica Maxim. Ann Bot 75:311-317

Ruelle J, Clair B, Beauchéne J, Prévost MF, Fournier M (2006) Ten-
sion wood and opposite wood in 21 tropical rain forest species 2.
Comparison of some anatomical and ultrastructural criteria.
TAWA J 27:341-376

@ Springer



1414

Planta (2008) 227:1409-1414

Ruelle J, Yoshida M, Clair B, Thibaut B (2007) Peculiar tension wood
structure in Laetia procera (Poepp.) Eichl. (Flacourtiaceae).
Trees 21:345-355

Sano Y, Jansen S (2006) Perforated pit membranes in imperforate tra-
cheary elements of some angiosperms. Ann Bot 97:1045-1053

Timell TE (1986) Compression wood in gymnosperms. Springer,
Heidelberg

Wardrop AB (1964) The reaction anatomy of arborescent angio-
sperms. In: Zimmerman MH (ed) The formation of wood in forest
trees. Academic Press, New York, pp 87-134

@ Springer

Watanabe Y, Sano Y, Asada T, Funada R (2006) Histochemical study
of the chemical composition of vestured pits in two species of
Eucalyptus. IAWA J 27:33-43

Yamamoto H, Yoshida M, Okuyama T (2002) Growth stress controls
negative gravitropism in woody plant stems. Planta 216:280-292

Yoshida M, Nakamura T, Yamamoto H, Okuyama T (1999) Negative
gravitropism and growth stress in GA;-treated branches of Prunus
spachiana Kitamura f. spachiana cv. Plenarosea. J Wood Sci
45:368-372



	Gibberellin-induced formation of tension wood in angiosperm trees
	Abstract
	Introduction
	Materials and methods
	Plant materials
	Light microscopy
	Ultraviolet microscopy
	Field emission-scanning electron microscopy (FE-SEM)

	Results and discussion
	References




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


