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Abstract The response of adult females of Monoch-
amus alternatus to volatiles of non-host plants was eval-
uated using a Y-tube olfactometer. Eight non-host
plant species were tested, namely Broussonetia papyrifera,
Cedrus deodara, Firmiana simplex, Metasequoia glypto-
stroboides, Platycladus orientalis, Populus xiaohei, Salix
babylonica and Sophora japonica. The volatiles of all
test species, except those of C. deodara, repelled the
females in the olfactometer bioassays. Oviposition by
adult females on the host plant, Pinus massoniana, was
deterred by the volatiles of non-host plants and by
some other chemicals. Volatiles of P. orientalis had the
strongest oviposition-deterring activity and those of
S. japonica the least. Volatiles of C. deodara had no
inXuence on oviposition of the females. Selected chem-
icals, namely benzaldehyde, citronellal, essential oil of
Mentha spicata, eucalyptol, nerolidol, nicotine and
salicylaldehyde, strongly deterred the females from
oviposition, and nicotine caused maximum decrease in
egg-laying and scar-excavation.

Keywords Monochamus alternatus · Coleoptera · 
Cerambycidae · Oviposition deterrence · Pinus 
massoniana · Non-host volatiles

Introduction

The pinewood nematode, Bursaphelenchus xylophilus
(Steiner et Buhrer) Nickle, is the causal agent of the
destructive pine wilt disease, which causes considerable
mortality of Pinus densiXora Sieb. et Zucc. and Pinus
thunbergii Parl. in Japan (Mamiya and Enda 1972). In
China, the pinewood nematode was Wrst discovered in
Nanjing in 1982 and then spread rapidly into the Anhui
Province, Guangdong Province, Zhejiang Province and
Shandong Province (Sun 1982). The pine sawyer,
Monochamus alternatus Hope (Coleoptera: Cerambyci-
dae), is a primary vector of the pinewood nematode.
The preferred host of M. alternatus in China is Pinus
massoniana Lamb. (Hu et al. 1997). To date, M. alternatus
and B. xylophilus have caused the death of about
6.7 million trees of P. massoniana. In recent years, there
have been many studies on integrated pest management
of M. alternatus, including biological control (Shimazu
1994; Shimazu and Sato 2003), insecticide application
(Togashi 1990) and control of attractants (Ikeda et al.
1980; Sakai and Yamasaki 1990, 1991).

Oviposition by an insect is an important step in its
reproduction and in determining the size of its popula-
tion in a locality. So deterrence of oviposition by a pest
insect can reduce its population and help in its manage-
ment. The oviposition behaviour of some phytopha-
gous insects can be modiWed by volatiles of the host
and non-host species. Examples include Acanthoscelides
obtectus (Say) (Papachristos and Stamopoulos 2002),
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Callosobruchus maculatus (F.) (Boeke et al. 2003),
Heliothis virescens (F.) (Tingle and Mitchell 1984),
Callosobruchus maculatus (F.) (Elhag 2000), Diorhabda
elongata deserticola (DeLoach et al. 2003) and Pieris
rapae (L.) (Renwick and Radke 1985; Renwick et al.
1989).

However, at present, we have no information on the
inXuence of volatiles from non-host plants on the
oviposition of M. alternatus. According to our inves-
tigation, Broussonetia papyrifera (Linn.) Vent
(Moraceae), Cedrus deodara (Roxb.) Loud (Pinaceae),
Firmiana simplex (Linn.) F.W. Wight (Sterculiaceae),
Metasequoia glyptostroboides Hu et Cheng (Taxodia-
ceae), Platycladus orientalis (Linn.) Franco (Cupressa-
ceae), Populus xiaohei T.S. Hwang et Liang (Salicaceae),
Salix babylonica Linn. (Salicaceae) and Sophora
japonica Linn. (Leguminosae) are primary non-host
plants of M. alternatus on Jingting Mountain, Xuancheng,
Anhui Province. So, these eight non-host plant species
were chosen to test the inXuence on the females of
M. alternatus in olfactory and oviposition tests.

Four chemicals, which are secondary metabolites in
some plants, namely nicotine, eucalyptol, nerolidol and
essential oil of Mentha spicata L., and three, which
produced very strong electroantennography (EAG)
responses on the antennae of female beetles in prelimi-
nary tests, namely citronellal, benzaldehyde and sali-
cylaldehyde, were also tested for their eVects on the
oviposition of M. alternatus.

Materials and methods

Insect source

An experimental colony of M. alternatus was estab-
lished from insects collected on Jingting Mountain,
Xuancheng, Anhui Province, China. Newly emerged
adults were kept, males separate from females, in iron-
screened cages (50 cm long £ 40 cm wide £  30 cm high)
on 1–2-year old P. massoniana twigs at 25 °C and under
a 12:12 h (light/dark) photoperiod. Two weeks later,
the females and males were paired. Female adults were
used in olfactory and oviposition tests 18–25 days after
emergence. The females were allowed to oviposit
before being used in oviposition tests.

Non-host plants

For testing the inXuence of volatiles of non-host plants
on the females, 10 g freshly excised leaves of each of
the eight non-host plants were used in olfactory and
oviposition tests.

Chemicals

The sources and purity of the chemicals were: nicotine
(95%), eucalyptol (99%), New Jersey, USA; citronellal
(97%), salicylaldehyde (¸96%), Xudong Chemical
Plant of Beijing, China; benzaldehyde (¸98%), Wuhan
Shengshi Fine Chemical Co. Ltd., China; nerolidol
(95%), essential oil of M. spicata (95%), Department
of Chemistry, Capital Normal University, China.

Olfactometer bioassay

A Y-tube olfactometer made of glass (9 cm diameter;
main tube, 32 cm long; arm length, 15 cm; angle
between arms, 70°) was used to determine the inXu-
ence of volatiles of non-host plants on the behaviour of
the female beetles. In each test, a brown bottle contain-
ing 10 g freshly excised leaves of one of the non-host
plants was connected to one arm of the Y-tube with a
silicon tube, and an empty brown bottle was connected
to the other arm of the Y-tube as a control. A vacuum
pump drew air into the system through activated char-
coal. The airXow was set at 2.5 l/min. A female beetle
was then released downwind of the main tube and
allowed to walk along the tube and to choose either the
arm containing a sample odour or clean air. Each bee-
tle was allowed 15 min to make its choice, and the
choice was recorded when the beetle reached the end
of one of the arms. Connections of the odour sources
to the arms were reversed after testing Wve insects to
avoid asymmetrical bias. The olfactometer was rinsed
with alcohol and dried between trials. Each test was
repeated using 43–50 females.

EVect of volatiles of non-host plants on oviposition

Healthy P. massoniana trees about 8–10-year old were
cut into 15-cm long bolts without nodes on 26 May
2005. The cut ends of the pine bolts were sealed with
liquid paraYn (melting point: 56–58 °C) and stored in
sealed black plastic bags at room temperature until
used in oviposition tests. The bolts were 3.6–4.5 cm in
diameter (mean § SE = 4.1 § 0.1 cm) and had a bark
thickness of 1.1–2.2 mm (mean § SE = 1.7 § 0.1 mm).

To test the eVects of volatiles of eight non-host
plants on oviposition, a petri dish (8.5 cm diameter £
3.2 cm high) containing 10 g freshly excised leaves of a
non-host plant was placed in a transparent plastic con-
tainer (20 cm long £ 20 cm wide £ 20 cm high). One
pine bolt was placed vertically in the centre of the
container and two 1–2-year old P. massoniana twigs
were placed in the cage as food. One gravid female of
M. alternatus was then released on the P. massoniana
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twigs at the onset of dusk. The female was removed
48 h later and the number of scars and eggs counted.
Each test was replicated 25 times using 25 females aged
18–25 days.

EVect of selected chemicals on oviposition

For testing the inXuence of selected chemicals on the
ovipositional behaviour of M. alternatus, each chemical
was diluted 100-fold in analytical pure hexane and was
then applied to the bark surface of pine bolts using the
tip of a calligraphy brush, 1 ml per bolt.

Each test was accompanied by controls in which 25
female beetles were given untreated bolts for oviposi-
tion.

Data analysis

Data obtained from tests were subjected to statistical
analysis using the SPSS 11.0 for Windows software.
The �2-test was used to analyse diVerences obtained in
olfactometer bioassays. The eVects of volatiles of non-
hosts and chemicals on oviposition were analysed with
independent-samples t-test. If the t-test result was sig-
niWcant, then ScheVe’s test of the analysis of variance
(ANOVA) was used to compare the diVerences
between the means of test volatiles of non-host plants
and chemicals.

Results

Olfactory response

Female beetles showed no diVerence in choice between
volatiles of C. deodara and clean air. However, signiW-
cant diVerences were found when the beetles preferred
clean air to air containing volatiles of seven other
non-host plants, namely B. papyrifera, F. simplex,
M. glyptostroboides, P. orientalis, P. xiaohei, S. babylonica
and S. japonica.

EVect of volatiles of non-host plants on oviposition

In our study, all tests with volatiles of non-host plants
and with selected chemicals were accompanied by con-
trols in which female beetles were given the pine bolts
for oviposition. Thus, the mean numbers of eggs and
scars from the controls was more than 15. In order to
check if the mean numbers of eggs and scars in diVer-
ent controls were signiWcantly diVerent, they were anal-
ysed by ANOVA. The results showed that the mean
numbers of eggs and scars in these 15 batches were not

signiWcantly diVerent at the 5% probability level.
According to this result, one egg data of batch 9 (mean
number of eggs 5.28 § 0.19) and the scar data of batch
4 (mean number of scars 5.52 § 0.31) were closest to
the average of the means of all 15 batches and were
therefore used for comparisons of egg and scar data in
tests on the eVects of volatiles of non-host plants and
selected chemicals.

In the presence of volatiles of each of the test non-
host plants except C. deodara, the number of eggs laid
and scars excavated by female beetles were signiWcantly
fewer than in the controls (Table 1). Maximum reduc-
tion in egg-laying and scar-excavation occurred in the
presence of volatiles from leaves of P. orientalis, the
mean number of eggs laid and scars excavated by the
beetles being 1.72 § 0.16 and 1.92 § 0.15, respectively,
and were about one-third of those of the controls
(P < 0.001). The volatiles of B. papyrifera, F. simplex,
M. glyptostroboides, P. xiaohei, S. babylonica and
S. japonica also deterred the female beetles from oviposi-
tion to diVerent degrees, and those of S. japonica caused
the least reduction in the number of both eggs and scars.

EVect of selected chemicals on oviposition

The results in Table 2 show that each of the seven
chemicals deterred female beetles from oviposition. In
the presence of benzaldehyde, citronellal, essential oil
of M. spicata, eucalyptol, nerolidol, nicotine and sali-
cylaldehyde, the number of eggs laid and scars exca-
vated by the beetles were signiWcantly fewer than in the
controls (P < 0.001). Nicotine caused maximum

Table 1 Oviposition response of M. alternatus to pine bolts in the
presence of volatiles of some non-host plants

a The source of volatiles was 10 g of freshly excised leaves of each
non-host plant 
b Mean values within columns followed by the same letters are not
signiWcantly diVerent (P > 0.05) by ScheVe’s test of the analysis of
variance (ANOVA). NS no signiWcant diVerence from controls by
independent-samples t-test
c Batches 9 and 4, with mean numbers of eggs and scars closest to
the average of the means of all 15 batches, were used as the con-
trols

Non-host planta Number of 
eggs (mean § SE)b

Number of 
scars (mean § SE)

C. deodara 4.88 § 0.19 (NS) 5.04 § 0.18 (NS)
S. japonica 4.68 § 0.19 a 4.76 § 0.18 a
F. simplex 3.88 § 0.19 b 4.08 § 0.19 b
B. papyrifera 3.68 § 0.17 bc 3.96 § 0.18 b
M. glyptostroboides 3.56 § 0.15 bc 4.12 § 0.17 b
S. babylonica 3.16 § 0.18 cd 3.56 § 0.21 bc
P. xiaohei 2.84 § 0.21 d 3.20 § 0.26 c
P. orientalis 1.72 § 0.16 e 1.92 § 0.15 d
Controlc 5.28 § 0.19 5.52 § 0.31
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decrease in egg-laying and scar-excavation, and citro-
nellal the least.

Discussion

Oviposition deterrents can be very useful in integrated
pest management. Deterrence to oviposition by insects
can serve as an important measure to reduce the popu-
lations of the pests. A number of authors have
reported their investigation results about oviposition
deterrence pheromones (Anderson et al. 1993; Fettköther
et al. 2000; Li et al. 2001; Li and Ishikawa 2004). How-
ever, most oviposition deterrents serve as contact
antiovipositants.

Possibly, volatile oviposition deterrents would be
more eVective than contact oviposition deterrents
because the former would diVuse around the host
plants. Successful examples dealing with the advanta-
geous eVect of volatile deterrents in the Weld included
Heliothis virescens (F.) (Tingle and Mitchell 1984) and
Dendroctonus valens (L.) (Zhang et al. 2006). Thus,
volatile oviposition deterrents would seem to have
great potential in the management of pest insects.

In our study, the volatiles of all test non-host plants,
except those of C. deodara, deterred oviposition of the
females. These investigation results showed the pres-
ence of putative oviposition deterrents in volatiles of
non-host plants. Jactel et al. (2001) reported the inXu-
ence of non-host volatiles on the behaviour of Ips
sexdentatus. Of the seven selected chemicals, nicotine
was the most eVective in deterring oviposition. The
inXuence of selected chemicals, such as benzaldehyde
(Kelley and Schilling 1998), citronellal (Corbet et al.
2000; Sen et al. 2005), eucalyptol (Zhu et al. 2001) and
nerolidol (Wheeler et al. 2003), on the behaviour of
some pest insects has been reported.

Further investigation is needed to identify the con-
stituents of the volatiles of the non-host plants and to
identify the bioactive compounds so that their poten-
tial value in controlling M. alternatus can be realised.
Our observations indicate that volatiles of P. orientalis
are promising candidates for forest trials to deter ovi-
position by M. alternatus. In a subsequent study, nico-
tine, which caused the largest decrease in egg-laying
and scar-excavation in the present study, will also be
tested in forest trials.

Acknowledgements We thank Dr. A.J. Cockbain (Rothamsted
Experimental Station, UK) for his reviewing and editing of the
manuscript. Our thanks are also extended to Mr. Shengan Ma
(Director of Xuancheng Forest Protection Station, Anhui Prov-
ince, China) for his assistance in our study. We are also grateful
for Wnancial support from the Knowledge Innovation Program of
the Chinese Academy of Sciences (No. KSCX1-SW-13).

References

Anderson P, Hilker M, Hansson BS, Bombosch S, Klein B,
Schildknecht H (1993) Oviposition deterring components in
larval frass of Spodoptera littoralis (Boisd.) (Lepidoptera:
Noctuidae): a behavioural and electrophysiological evalua-
tion. J Insect Physiol 39:129–137

Boeke SJ, Baumgart IR, Loon JJA (2003) Toxicity and repel-
lence of African plants traditionally used for the protection
of stored cowpea against Callosobruchus maculatus. J Stored
Prod Res 39:1–15

Corbet SA, Tiley C, Moorhouse T, Giam C, Pursglove S, Raby J,
Rich M (2000) Surface Wlms as mosquito larvicides: parti-
tioning the mode of action. Entomol Exp Appl 94:295–307

DeLoach CJ, Lewis PA, Herr JC, Carruthers RI, Tracy JL,
Johnson J (2003) Host speciWcity of the leaf beetle,
Diorhabda elongata deserticola (Coleoptera: Chrysomeli-
dae) from Asia, a biological control agent for saltcedars
(Tamarix: Tamaricaceae) in the Western United States. Biol
Control 27:117–147

Elhag EA (2000) Deterrent eVects of some botanical products on
oviposition of the cowpea bruchid Callosobruchus maculatus
(F.) (Coleoptera: Bruchidae). Int J Pest Manage 46:109–113

Fettköther R, Reddy GVP, Noldt U, Dettner K (2000) EVect of
host and larval frass volatiles on behavioural response of the
old house borer, Hylotrupes bajulus (L.) (Coleoptera: Ce-
rambycidae), in a wind tunnel bioassay. Chemoecology 10:1–10

Hu XB, Qu T, Zheng H (1997) Strategy to control Bursaphelen-
chus xylophilus in China. Forest Pest Dis (3):30–32 (in Chi-
nese)

Ikeda T, Enda N, Yamane A, Oda K, Toyoda T (1980) Attrac-
tants for the Japanese pine sawyer, Monochamus alternatus
Hope (Coleoptera: Cerambycidae). Appl Entomol Zool
15:358–361

Jactel H, Halder IV, Menassieu P, Zhang QH, Schlyter F (2001)
Non-host volatiles disrupt the response of the stenographer
bark beetle, Ips sexdentatus (Coleoptera: Scolytidae), to
pheromone-baited traps and maritime pine logs. Integr Pest
Manage Rev 6:197–207

Kelley KC, Schilling AB (1998) Quantitative variation in chemi-
cal defense within and among subgenera of Cicindela. J
Chem Ecol 24:451–472

Table 2 Oviposition response of M. alternatus to pine bolts in the
presence of selected chemicals

a Each chemical was diluted 100-fold with analytical pure hexane
b See footnote b of Table 1 
c See footnote c of Table 1 

Chemicala Number of eggs 
(mean § SE)b

Number of scars 
(mean § SE)

Citronellal 3.44 § 0.21 a 3.76 § 0.23 a
Essential oil of M. spicata 2.68 § 0.23 b 2.92 § 0.24 b
Benzaldehyde 2.60 § 0.17 b 2.88 § 0.20 b
Nerolidol 2.32 § 0.11 bc 2.52 § 0.14 bc
Eucalyptol 2.12 § 0.11 c 2.20 § 0.13 c
Salicylaldehyde 2.08 § 0.13 c 2.28 § 0.16 c
Nicotine 1.12 § 0.09 d 1.45 § 0.15 d
Controlc 5.28 § 0.19 5.52 § 0.31
123



J Pest Sci (2007) 80:119–123 123
Li GQ, Ishikawa Y (2004) Oviposition deterrents in larval frass of
four Ostrinia species fed on an artiWcial diet. J Chem Ecol
30:1445–1455

Li GQ, Han ZJ, Mu LL, Qin XR, Chen CK, Wang YC (2001)
Natural oviposition-deterring chemicals in female cotton
bollworm, Helicoverpa armigera (Hubner). J Insect Physiol
47:951–956

Mamiya Y, Enda N (1972) Transmission of Bursaphelenchus
lignicolus (Nematode: Aphelenchoididae) by Monochamus
alternatus (Coleoptera: Cerambycidae). Nematologica
18:159–162

Papachristos DP, Stamopoulos DC (2002) Repellent, toxic and
reproduction inhibitory eVects of essential oil vapours on
Acanthoscelides obtectus (Say) (Coleoptera: Bruchidae). J
Stored Prod Res 38:117–128

Renwick JAA, Radke CD (1985) Constituents of host- and non-
host plants deterring oviposition by the cabbage butterXy,
Pieris rapae. Entomol Exp Appl 39:21–26

Renwick JAA, Radke CD, Sachdev-Gupta K (1989) Chemical
constituents of Erysimum cheiranthoides deterring oviposi-
tion by the cabbage butterXy, Pieris rapae. J Chem Ecol
15:2161–2169

Sakai M, Yamasaki T (1990) (+)-Juniperol and (+)-Pimaral: attr-
actants for the Cerambycid beetle, Monochamus alternatus
Hope. J Chem Ecol 16:3383–3392

Sakai M, Yamasaki T (1991) (+)-cis-3-Pinen-2-ol: attractant for
male Cerambycid beetle, Monochamus alternatus Hope. J
Chem Ecol 17:757–765

Sen A, Raina A, Joseph M, Tungikar VB (2005) Response of
Trichogramma chilonis to infochemicals: an SEM and elec-
trophysiological investigation. Biocontrol 50:429–447

Shimazu M (1994) Potential of the Cerambycid-Parasitic type of
Beauveria brongniartii (Deuteromycotina: Hyphomycetes)
for microbial control of Monochamus alternatus Hope (Cole-
optera: Cerambycidae). Appl Entomol Zool 29:127–130

Shimazu M, Sato H (2003) EVects of larval age on mortality of
Monochamus alternatus Hope (Coleoptera: Cerambycidae)
after application of nonwoven fabric strips with Beauveria
bassiana. Appl Entomol Zool 38:1–5

Sun YC (1982) Bursaphelenchus xylophilus was discovered in Sun
Yet-sen’s mausoleum in Nanjing. J Jiangsu For Sci Technol
4:47 (in Chinese)

Tingle FC, Mitchell ER (1984) Aqueous extracts from indigenous
plants as oviposition deterrents for Heliothis virescens (F.). J
Chem Ecol 10:101–113

Togashi K (1990) EVects of aerial application of insecticide on the
survival rate Monochamus alternatus (Coleoptera: Ceram-
bycidae) within Pinus densiXora logs. Appl Entomol Zool
25:187–197

Wheeler GS, Massey LM, Southwell IA (2003) Dietary inXuences
on terpenoids sequestered by the biological control agent
Oxyops vitiosa: eVect of plant volatiles from diVerent Melal-
euca quinquenervia chemotypes and laboratory host species.
J Chem Ecol 29:189–208

Zhang LW, Sun JH, Clarke SR (2006) EVect of verbenone dose
and enantiomer on the interruption of response of the red tur-
pentine beetle, Dendroctonus valens LeConte (Coleoptera:
Scolytidae), to its kariomones. Environ Entomol 35:655–660

Zhu BCR, Henderson G, Chen F, Fei H, Laine RA (2001) Eval-
uation of vetiver oil and seven insect-active essential oils
against the formosan subterranean termite. J Chem Ecol
27:1617–1625
123


	EVects of volatiles of non-host plants and other chemicals on oviposition of Monochamus alternatus (Coleoptera: Cerambycidae)
	Abstract
	Introduction
	Materials and methods
	Insect source
	Non-host plants
	Chemicals
	Olfactometer bioassay
	EVect of volatiles of non-host plants on oviposition
	EVect of selected chemicals on oviposition
	Data analysis

	Results
	Olfactory response
	EVect of volatiles of non-host plants on oviposition
	EVect of selected chemicals on oviposition

	Discussion
	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


