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Abstract Sunflower (Helianthus annuus L.)
stems showed increased elongation under two
types of vegetative shade: canopy shade (low red
to far red [R/FR] ratio) and neighbouring prox-
imity shade (FR enrichment). Hypocotyls also
elongated more under narrow-band FR light
than under narrow-band R light. Ethylene levels
were determined in actively elongating 7-day-old
hypocotyls and 17-day-old internodes under three
R/FR ratios. Ethylene levels were lower in both
sunflower hypocotyls and internodes when the
R/FR ratio was reduced. Both FR enrichment of
normal R/FR ratio and narrow-band FR light
with very low light irradiance resulted in reduc-
tion in ethylene levels in 7-day-old hypocotyls.
Further, in application experiments, sunflower
stems grown under low R/FR ratio were more
sensitive to ethephon and less sensitive to amino-
ethoxyvinylglycine (AVG) than stems grown
under high R/FR ratio. Low R/FR ratio appears
to initiate reduction in ethylene levels in sun-
flower seedlings, allowing maximum stem elon-
gation. These results, and findings of other
authors, suggest that various plant species may
have developed different ways of regulating stem

L. V. Kurepin (<) - L. J. Walton - D. M. Reid
Department of Biological Sciences, University of
Calgary, University Drive 2500 NW, Calgary, Alberta,
Canada T2N 1N4

e-mail: leon@phytophys.com

elongation and ethylene levels in response to low
R/FR ratio.
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Introduction

Plants grown under canopy shade or in the shade
of neighbouring, proximate vegetation are sub-
jected to a lower red to far red (R/FR) ratio
(Smith 2000). This lower R/FR ratio usually
results from increased FR light irradiance re-
flected from adjacent leaves and/or a combination
of increased FR light irradiance reflected from
adjacent leaves and decreased R and blue (B)
light irradiances due to absorption by canopy or
taller neighbouring plants (Ballare et al. 1990;
Ballare 1999; Franklin and Whitelam 2005).
Plants grown under lower R/FR ratio conditions
normally have etiolated stems and often exhibit
reduced leaf development (Smith 2000; Franklin
and Whitelam 2005; Vandenbussche et al. 2005).

Ethylene is often shown to inhibit stem elon-
gation (Abeles et al. 1992), although in a few
cases a growth-stimulatory role for endogenous
ethylene has been reported (Raskin and Kende
1984; Jackson 1985; Rijnders et al. 1997). These
apparently contradictory results can be explained
by reports showing that ethylene, like auxin,
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demonstrates a biphasic dose-response curve.
Lower doses producing stimulation of various
growth and developmental events, but higher
doses producing the inhibitory responses, see
Zobel and Roberts (1978), Reid et al. (1985),
and Lee and Reid (1997). Interaction between
ethylene and phytochrome was first reported in
etiolated pea (Pisum sativum) seedlings, where
short-term exposure to broad-band R and FR
lights decreased ethylene evolution and increased
plumular growth, with R light inducing double the
plumular growth with half the ethylene content
observed under FR light (Goeschl et al. 1967). In
excised apical segments of etiolated rice (Oriza
sativa), coleoptiles produced more ethylene when
exposed to short-term FR light and less ethylene
when exposed to short-term R light (Imaseki
et al. 1971). Further, FR light reversed the
inhibition of ethylene evolution observed in rice
coleoptiles grown under R light (Imaseki et al.
1971).

Increased ethylene levels under low R/FR ratio
has been reported for sorghum (Sorghum bicolor)
plants containing a null mutation in the gene
encoding phytochrome B (phyB-1) (Finlayson
et al. 1998). These plants exhibited a constitutive
phenotype similar to plants grown in shade and
had higher ethylene levels under dim, FR
enriched light [R/FR ratio = 0.75] (Finlayson
et al. 1998, 1999). In a different study using
mature tobacco (Nicotiana tabacum) plants,
application of ethylene in low concentration
resulted in increased stem elongation under FR
enriched light with a low R/FR ratio of 0.2 (Pierik
et al. 2003). Ethylene-insensitive transgenic to-
bacco plants failed to elongate to the same extent
as wild type plants in response to a low R/FR
ratio (Pierik et al. 2003).

Plants sense changes in light environment via
photoreceptors, namely phytochromes, crypto-
chromes and phototropins (Smith 2000). Phyto-
chromes can sense changes in R and B light
irradiances, whereas cryptochromes appear to be
involved in B light sensing (Franklin and White-
lam 2005). In Arabidopsis thaliana, five phyto-
chrome and two cryptochrome photoreceptors
have been identified and interactions between
them have been shown (Vandenbussche et al.
2005). The phytochrome B (phyB) has been
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specifically implemented in R/FR ratio responses
(Smith 2000) and Finlayson et al. (1998, 1999)
studies shown a clear connection between phyB
and ethylene.

In this study, the interaction of R and FR lights
with ethylene in regulating stem elongation in
young sunflower (Helianthus annuus 1.) seedlings
was investigated to better understand the role of
ethylene in stem elongation under low R/FR
ratio.

Materials and methods
Plants and experimental system:

Sunflower seeds (6946, Pioneer Seeds, USA) were
imbibed under running water (25°C) in dark
conditions for 24 h. Germinated seeds were then
planted in soil mix (2 parts peat moss, 1-perlite,
1-vermiculate and 0.25-terra green) and trans-
ferred to growth chambers (Model PGR15, Con-
viron, Manitoba) equipped with fluorescent
(Sylvania cool white 160 W) and incandescent
lights (Philips 60 W). Temperature was main-
tained at 20°C during 16 h of light and reduced to
16°C during an 8 h dark period. Sunflower seed-
lings were watered daily with 0.25% strength
Hoagland’s solution (Hoagland and Arnon 1950).

Sunflower seedlings were harvested on day 7 or
day 17 following planting. Day 7 was chosen for
hypocotyl collection, as this is the midpoint for
elongation, between hook opening (day 4) and
initiation of internode growth with cessation of
hypocotyl elongation (day 10). Day 17 was chosen
for internode collection because rapid elongation
of the internode occurs at this time, but the
second leaf pair has not yet appeared. The
hypocotyls (below the cotyledons and 5 mm
above the roots) and internodes (first internodes
between the cotyledons and first pair of leaves)
were measured for length.

Combinations of fluorescent and incandescent
light sources were used to alter the R/FR ratios
and distance between lights and sunflower seed-
lings was adjusted to maintain PAR. Both R/FR
ratio and PAR values were measured with a
LI-COR LI-1800/22 (LI-COR Inc., Lincoln,
Nebraska, USA) quantum sensor. For narrow-band
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and FR light enrichment experiments, LED units
(Quantum Inc., USA) producing narrow band-
width light with a peak at 670 nm (R light),
735 nm (FR light) and 460 nm (B light) were
utilized. FR light enrichment experiments were
conducted in growth chambers (Model E7/2,
Conviron, Manitoba) equipped with fluorescent
(Sylvania cool white 100 W) and incandescent
lights (Philips 60 W). Narrow-band FR, R and B
light experiments were conducted in a dark
room with 16 h light and 8 h dark photoperiod
and constant temperature (20°C). Details on
experimental light conditions are presented in
Table 1.

The Tukey’s ANOVA test for analysis of
significance (at P < 0.05) and Spearman rank
correlation test were run on SPSS software
Version 14.

Measurement of ethylene evolution

Ethylene evolution by the entire 7-day-old hypo-
cotyl or the entire 17-day-old internode was
measured by incubating the tissue in a 3 ml
syringe (1.5 ml volume) for 15 min. A 1 ml gas
sample was collected and injected into a Photovac
10Splus GC (Photovac Inc., Markham, Ontario)
with a photoionization detector and a 40/60
Carbopack B column (Supelco Canada, Oakville,
Ontario).

Chemicals

The ethylene biosynthesis inhibitor, aminoeth-
oxyvinylglycine (AVG, from Sigma Inc., Oak-
ville, Ontario, Canada) was applied at
concentrations of 1072, 10> and 10 M. The
ethylene-releasing chemical, ethephon (2-chloro-
ethylphosphonic acid, from Sigma Inc., Oakville,
Ontario, Canada) was prepared on the day of use
at concentrations of 10>, 10 and 10~ M. For
experiments involving 7-day-old hypocotyls, sun-
flower seedlings were sprayed to drip-off on days
4, 5 and 6 after planting. For experiments involv-
ing 17-day-old internodes, sunflower seedlings
were sprayed on days 10, 12, 14 and 16 following
planting.

Results

R/FR ratio interaction with ethylene in
regulation of stem elongation (experiment #1):

Low R/FR ratio significantly promoted elonga-
tion of 7-day-old sunflower hypocotyls and 17-
day-old sunflower internodes (Fig. 1a), whereas
high R/FR ratio significantly reduced elongation
of both hypocotyls and internodes, with more
pronounced effect on internode elongation
(Fig. 1a), all compared to normal R/FR ratio

Table 1 Experimental light conditions utilized in three experiments

Experiment #1

High R/FR ratio of 4.63
(172 pmol m2 s7h)
Normal R/FR ratio 1.31
(172 pmol m2 s7h)
Low R/FR ratio of 0.82
(172 pmol m2 s7h)

Fluorescent lighting only: very high R and B lights, FR light barely detectable

Decrease in fluorescent lighting plus addition of incandescent lighting: decreases in R
and B lights and increase in FR light

Further decrease in fluorescent lighting and increase in incandescent lighting: further
decreases in R and B lights and increase in FR light

Experiment #2

R light (3 pmol m2 s7%)
B light (3 pmol m™ s7")
FR light (3 pmol m™ s7!)

Narrow-band R (670 nm) light in dark from LED source
Narrow-band B (460 nm) light in dark from LED source
Narrow-band FR (735 nm) light in dark from LED source

Experiment #3

Normal R/FR ratio of 1.24
(158 pmol m™ s71)

Very low R/FR ratio of 0.21
(158 pmol m~2 s71)

R, B and FR wavelengths from fluorescent and incandescent light sources

R, B and FR wavelengths from fluorescent and incandescent light sources plus addition
of FR light emitting LED source
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at same PAR irradiance (Table 1). Both 7-day-
old hypocotyls and 17-day-old internodes exhib-
ited significant reduction in ethylene levels
(pmol gFW'h™) as R/FR ratio decreased
(Fig. 1b). While ethylene levels under low and
high R/FR ratios were similar between hypoco-
tyls and internodes, 7-day-old hypocotyls under
normal R/FR ratio produced twice as much
ethylene as 17-day-old internodes (Fig. 1b). The
largest change in ethylene levels for hypocotyls
occurred between low and normal R/FR
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low R/FR

normal R/FR high R/FR

ratios, and for internodes between normal and
high R/FR ratios (Fig. 1b).

Treatments of ethephon, which releases ethyl-
ene in plant cells following application, at con-
centrations of 107 and 10> M, and AVG, an
inhibitor of ACC synthase, at concentrations of
107 and 10~ M, were mostly ineffective in alter-
ing sunflower hypocotyl or internode growth (data
not shown). Application of ethephon at 10> M
inhibited 7-day-old hypocotyl elongation under
low (ca 20%) and normal (ca 10%), but not under
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Fig. 2 Lengths (% of a 110
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high R/FR ratio (Fig. 2a). A similar trend was
obtained for 17-day-old internodes, although
internodes were more sensitive to ethephon
application, i.e. inhibition of elongation by ca
40% under low R/FR ratio and ca 20% under
normal R/FR ratio conditions (Fig. 2a). Applied
AVG at 10 M had no effect on stem elongation
under low and normal R/FR ratios, but promoted
elongation under high R/FR ratio of ca 10% for
hypocotyls and ca 20% for internodes (Fig. 2b).
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Narrow-band light regulation of stem
elongation and ethylene levels
(experiment #2):

Seven-day-old sunflower hypocotyls grown un-
der monochromatic FR light were ca 20%
shorter than dark-grown hypocotyls and ca
20% taller than R or B light-grown hypocotyls
(Fig. 3a) at the same PAR irradiance (Table 1).
A similar trend was obtained for fresh and dry
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biomass (data not shown). Hypocotyls grown
under far red light produced half the ethylene of
dark-grown hypocotyls and on average ca 30-
40% less ethylene than R or B light-grown
hypocotyls (Fig. 3b). There was no significant
difference in length or ethylene levels between
R and B light-grown hypocotyls (Fig. 3).

FR enrichment regulation of stem elongation
and ethylene levels (experiment #3)

Seven-day-old sunflower hypocotyls grown under
very low R/FR ratio were taller than hypocotyls
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grown under normal R/FR ratio by ca 30-40%
(Fig. 4a) at the same PAR irradiance (Table 1).
Hypocotyls grown under very low R/FR ratio also
accumulated larger fresh and dry biomass (data
not shown), but produced marginally (yet signif-
icantly) less ethylene than hypocotyls grown
under a normal R/FR ratio (Fig. 4b).

Discussion

Short, slow growing H. annuus (sunflower) seed-
lings grown in the proximity of taller, faster
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growing, neighbouring sunflower or other plants
are subjected to reduced R/FR ratio. This
reduced (low) R/FR ratio can result from
increased FR light enrichment due to reflection
of FR light from adjacent leaves of taller plants or
from combined FR light enrichment and reduc-
tion in R and B light irradiances due to absorp-
tion of R and B light by canopy leaves of taller
plants. As expected, seven-day-old sunflower
hypocotyls responded with increased elongation
to both types of low R/FR ratio present in natural
field conditions (Figs. 1a and 4a; Smith 2000;
Franklin and Whitelam 2005; Vandenbussche

normal R/FR ratio

very low R/FR ratio

et al. 2005). Further, hypocotyls grown under
narrow band FR light and very low light irradi-
ance (3 umol m~2s™') were significantly taller
than hypocotyls under R or B light with the same
irradiance level (Fig. 3a). Internodes of 17-day-
old sunflower seedlings responded to decreased
R/FR ratio with increased elongation and were
twice as sensitive (i.e. exhibited higher de-etiola-
tion) as 7-day-old hypocotyls to abnormally high
R/FR ratio (Fig. 1a).

Using the Spearman rank correlation test, a
positive and significant (at P = 0.01) correlation
was determined between R/FR ratio, stem
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elongation and ethylene levels in both 7-day-old
hypocotyls and 17-day-old internodes. As the
R/FR ratio decreases, stem elongation increases
and ethylene levels decrease (Fig. 1). This was
further confirmed with hormone and inhibitor
application experiments (see Fig. 2). Application
of ethephon at 10° M to sunflower seedlings
caused more inhibition of stem elongation under
low R/FR ratio compared to high R/FR ratio,
especially for internodes (Fig. 2a). Application of
AVG at 102 M to hypocotyls and internodes
resulted in increased stem elongation under high
R/FR ratio with internodes being more respon-
sive, but was not effective in altering elongation
under normal or low R/FR ratio conditions
(Fig. 2b). These results suggest that decreased
R/FR ratio activates increased stem elongation by
means of, at least partially, a reduction in ethyl-
ene levels. The fact that FR light with very low
irradiance and FR enrichment of normal R/FR
ratio both resulted in decreased ethylene levels
and increased hypocotyl elongation, further
supports this hypothesis.

The growth inhibitory role of ethylene in
response to numerous environmental stressors is
well known (reviewed in Abeles et al. 1992).
However, as several studies have indicated a
positive correlation between growth and ethylene
levels under short-term exposure to FR (Imaseki
et al. 1971) or under reduced R/FR ratio condi-
tions (Finlayson et al. 1998; 1999; Pierik et al.
2003), the results obtained in this study were
unexpected. Although contrary to predictions, it
is possible that diverse plant species have devel-
oped different hormonal networks for regulating
stem elongation under low R/FR ratio conditions.
As an example, an ecotype of Stellaria longipes
from an open alpine habitat (1D) and another
from a shaded, prairie grassland habitat (7B)
exhibited similar increases in stem elongation
under low light irradiance, but ethylene levels
were significantly lower under low light irradiance
for only the alpine (1D) ecotype (Kurepin et al.
2006b). Study of the effect of R and white lights
on ethylene levels in leaves of fourteen different
plant species showed inhibition, stimulation or no
effect on ethylene levels (Michalczuk and Rudn-
icki 1993). In that study, Michalczuk and Runicki
(1993) reported that H. annuus and Phaseolus
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multiflorus were the only two species among the
14 tested that exhibited increased ethylene levels
(by 86 and 78%, respectively) in response to R
light treatment. Also, following incubation of H.
annuus, P. multiflorus and Avena sativa leaves in
1 mM 1-aminocyclopropane-1-carboxylic acid
(ACC; immediate precursor of ethylene) solution,
exposure to R light resulted in conversion of
ACC to ethylene, whereas R light inhibited ACC
conversion to ethylene in eleven other species
(Michalczuk and Rudnicki 1993). These and our
previous findings suggest that one should be
careful in generalizing when considering the
response of diverse species while examining light
and ethylene interaction in regulating plant
growth.

Although phytochrome levels were not inves-
tigated in this study and phytochrome genes in
sunflower have not been cloned yet, it is highly
likely that in sunflower, as in other higher plant
species (Franklin and Whitelam 2005; Vanden-
bussche et al. 2005), phyB is responsible for FR
light sensing. If so, and since phyB-ethylene
connection has been shown (Finlayson et al.
1998, 1999; Smith 2000; Franklin and Whitelam
2005; Vandenbussche et al. 2005) it appears that
phyB down-regulates ethylene levels in sunflower
stems.

While these results suggest a direct involve-
ment of light-mediated changes in ethylene levels
and stem elongation, it is highly unlikely that
ethylene is the only factor regulating stem elon-
gation under low R/FR ratio. Other plant hor-
mones have also been shown to be involved in
increased stem elongation under low R/FR ratio
(Vandenbussche et al. 2005). In S. longipes, for
example, not only are there significant differences
in ethylene levels between two ecotypes in
response to low light irradiance, but also signif-
icant differences in gibberellin (GA) metabolism
and perception (Kurepin et al. 2006a). Further,
interaction between ethylene and GAs in regula-
tion of sunflower hypocotyl elongation under
normal light conditions has been previously
reported (Pearce et al. 1991).

To conclude, H. annuus 7-day-old hypocotyls
and 17-day-old internodes exhibited increased
elongation, less ethylene levels, more responsive-
ness to the application of ethephon and less
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responsiveness to the application of AVG with
decreased R/FR. Enrichment of normal R/FR
ratio with FR light or narrow-band FR light alone
promoted 7-day-old hypocotyl elongation and
had less ethylene than under normal R/FR ratio
or narrow-band R light. These results suggest that
ethylene acts as a negative growth regulator of
stem elongation in sunflower plants under canopy
shade or neighbor proximity shade.

Acknowledgements We would like to thank Ms. Bonnie
Smith and Mr. Ken Girard for excellent greenhouse
assistance. This work was funded by a NSERC (Canada)
grant to DMR.

References

Abeles FB, Morgan PW, Saltveit ME Jr (1992) Ethylene in
plant biology, 2nd edn. Academic Press, New York

Ballare CL (1999) Keeping up with the neighbours:
phytochrome sensing and other signalling mecha-
nisms. Trends Plant Sci 4:97-102

Ballare CL, Scopel AL, Sanchez RA (1990) Far-red
radiation reflected from adjacent leaves: an early signal
of competition in plant canopies. Science 247:329-331

Finlayson SA, Jung 1J, Mullet JE, Morgan PW (1999) The
mechanism of rhythmic ethylene production in Sor-
ghum. The role of phytochrome B and simulated
shading. Plant Physiol 119:1083-1089

Finlayson SA, Lee 1J, Morgan PW (1998) Phytochrome B
and the regulation of circadian ethylene production in
sorghum. Plant Physiol 116:17-25

Franklin KA, Whitelam GC (2005) Phytochromes and
shade-avoidance responses in plants. Ann Bot (Lond)
96:169-175

Goeschl JD, Pratt HK, Bonner BA (1967) An effect of
light on the production of ethylene and the growth of
the plumular portion of etiolated pea seedlings. Plant
Physiol 42:1077-1080

Hoagland DR, Arnon DI (1950) The water-culture
method for growing plants without soil. Cal Agr Exp
StatCirc 347:1-32

Imaseki H, Pjon CJ, Furuya M (1971) Phytochrome action
in Oryza sativa L.IV. Red and far-red reversible effect
on the production of ethylene in excised coleoptiles.
Plant Physiol 48:241-244

Jackson MB (1985) Ethylene and responses of plants to
soil waterlogging and submergence. Annu Rev Plant
Physiol 36:145-174

Kurepin LV, Pharis RP, Reid DM, Chinnappa CC (2006a)
Involvement of gibberellins in the stem elongation of
sun and shade ecotypes of Stellaria longipes that is
induced by low light irradiance. Plant Cell Environ
29:1319-1328

Kurepin LV, Walton LJ, Reid DM, Pharis RP, Chinnappa
CC (2006b) Growth and ethylene evolution by shade
and sun ecotypes of Stellaria longipes in response to
varied light quality and irradiance. Plant Cell Environ
29:647-652

Lee SH, Reid DM (1997) The role of endogenous ethylene
in the expansion of Helianthus annuus leaves. Can J
Bot 78:501-508

Michalczuk B, Rudnicki RM (1993) The effect of mono-
chromatic red light on ethylene production in leaves
of Impatiens balsamina L. and other species. Plant
Growth Regul 13:125-131

Pearce DW, Reid DM, Pharis RP (1991) Ethylene-
mediated regulation of gibberellin content and growth
in Helianthus annuus L. Plant Physiol 95:1197-1202

Pierik R, Visser EJW, De Kroon H, Voesenek LACJ
(2003) Ethylene is required in tobacco to successfully
compete with proximate neighbours. Plant Cell Envi-
ron 26:1229-1234

Raskin I, Kende H (1984) The role of gibberellin in the
growth response of submerged deep water rice. Plant
Physiol 76:947-950

Reid DM, Sheffer MG, Pierce RC, Bezdicek DF, Linzon
SN, Revven T, Spenser MS, Vena F (1985) Ethylene
in the environment: scientific criteria for assessing its
effects on environmental quality. National Research
Council of Canada, Ottawa, publication 22497, p110

Rijnders JGHM, Yang YY, Kamiya Y, Takahashi N,
Barendse GWM, Blom CWPM, Voesenek LACJ
(1997) Ethylene enhances gibberellin levels and pet-
iole sensitivity in flooding-tolerant Rumex palustris
but not in flooding-intolerant R. acetosa. Planta
203:20-25

Smith H (2000) Phytochromes and light signal perception
by plants-an emerging synthesis. Nature 407:585-591

Vandenbussche F, Pierik R, Millenaar FF, Voesenek LA,
Van Der Straeten D (2005) Reaching out of the
shade. Curr Opin Plant Biol 8:462-468

Zobel RW, Robert LW (1978) Effect of low concentration
of ethylene on cell division and cell differentiation in
lettuce pit explants. Can J Bot 56:987-990

@ Springer



	Interaction of red to far red light ratio and ethylene in regulating stem elongation of Helianthus annuus
	Abstract
	Introduction
	Materials and methods
	Plants and experimental system:
	Measurement of ethylene evolution
	Chemicals

	Results
	R/FR ratio interaction with ethylene in regulation of stem elongation (experiment #1):
	Narrow-band light regulation of stem elongation and ethylene levels �(experiment #2):
	FR enrichment regulation of stem elongation and ethylene levels (experiment #3)

	Discussion
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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 <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


