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Summary 
 
This study summarises the results of in vitro screening of 
the nematophagous activity of Stropharia rugosoannulata 
and Arthrobotrys oligospora. The tests were conducted 
with Meloidogyne hapla plant parasitic nematode juveniles 
placed into Petri dishes containing cultures of the tested 
fungal species. Immobilisation of the nematodes was ob-
served after 4 and 24 hours. Both species of fungi showed 
nematophagous activity, however it was much stronger and 
faster in the case of S. rugosoannulata. 
 
Keywords: nematophagous fungus; Stropharia; Ar-
throbotrys; Meloidogyne hapla; biocontrol; plant parasitic 
nematodes 
 
Introduction 
 
Soil organisms represent a complex system, with many 
interspecific relationships. Soil nematodes (Nematoda) 
constitute an important component of the soil fauna. This 
group of invertebrates contains representatives of most 
trophic groups, including species utilising decomposing 
organic material, bacteria, other soil invertebrates, includ-
ing other nematodes, and plant material. Nematodes alone 
serve as a source of energy for number of soil organisms, 
such as mites (Acarina) (Walter & Kaplan, 1991), spring-
tails (Collembola) (Lee & Widden, 1996) and even the 
roots of carnivorous higher plants (genus Philcoxia) (Pe-
reira et al., 2012). However, the most important group of 
soil organisms feeding on nematodes are soil fungi (Janson 
& Lopez-Llorca, 2004). This group of organisms has de-
veloped a broad range of different trapping strategies and 
specialised organs e.g., constrictive and nonconstrictive 
rings (Gray, 1987), adhesive knobs and branches (Jafee, 
2004) and hyphae nets (Gray, 1987). Numerous attempts 
have been conducted to utilise nematophagous fungi for 
the control of plant parasitic nematodes e. g. Bourne and 
.....  

 
 
Kerry (1998); Van Damme et al. (2005); Singh et al.  
(2007). Indeed, a commercial biological treatment based 
on nematophagous fungi recently became available (Atkins 
et al., 2005).  
Genus Stropharia belongs to nematophagous fungi occur-
ring in woods, grasslands and composts (Luo et al., 2006), 
and some of its members are characterised by the for-
mation of large spiked cells called acanthocytes (Farr, 
1980). The function of acanthocytes was not previously 
known, but it was recently established that they act as 
nematotrapping structures (Luo et al., 2006). Luo et al. 
(2006) demonstrated the nematophagous activity of 
S. rugosoannulata on free-living nematode Panagrellus 
redivivus and the serious phytoparasitic nematode Bur-
saphelenchus xylophilus. Because agricultural practices 
lack efficient management strategies for plant parasitic 
nematodes, we tested the nematophagous activity of S. 
rugosoannulata on Northern Root Knot Nematode 
(Meloidogyne hapla), a significant pest of root vegetables 
worldwide. In our previous study we tested pathogenic 
effect of six species of fungus to three quarantine plant 
parasitic nematode species, Ditylenchus dipsaci, Globo-
dera rostochiensis and Meloidogyne hapla (Zouhar et al., 
2010). Because of species A. oligospora was recorded as 
the most pathogenic fungus to all three tested species of 
nematodes, in current experiment A. oligospora treatment 
was used for the comparison of the nematophagous effect 
of S. rugosoannulata as well. Moreover nematode trapping 
activity of A. oligospora was confirmed many times in 
past, e.g. with M. enterolobii (Dupponois et al., 1998), 
animal nematode parasite Heligmosomoides polygyrus 
(Morgan et al., 1997) or Ditylenchus myceliophagus (Su-
khjeet & Kaul, 2007). The trials were conducted under in 
vitro conditions, and the evaluation of the potential of S. 
rugosoannulata as biocontrol agent was performed. 
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Material and methods 
 
Stropharia rugosoannulata and Arthrobotrys oligospora 
strains used in the experiment and their cultivation 
The S. rugosoannulata (Fig. 1) strain was isolated from 
infected straw obtained from a commercially available 
source. The obtained isolate was cultivated on malt extract 
agar (MEA - Himedia) media plates at 23 ºC for 5 days. 
The subsequent cultivation was repeated six times to en-
sure that a pure fungal culture was used in the following 
trials. The final culture plates were stored at 4 ºC for 10 
days before testing.   

Strains of A. oligospora were isolated from soil samples 
collected from an open field (locality Hradišťko, GPS 
50°9'46.001"N 14°53'47.022"E). The soil samples were 
dried at 23 °C for five days, and the dry soil particles were 
inoculated on 1.5 % water agar plates. A 1 ml suspension 
containing approximately 1000 Caenorhabditis elegans 
nematodes was used to stimulate the sporulation of A. 
oligospora; the suspension was pipetted onto the surface of 
each plate. After three days incubation at 24 ºC, a stere-
omicroscope and sterile needle were used for the isolation 
of A. oligospora spores, which were transferred on MEA 
plates. The spores were incubated at 23 ºC for seven days. 
The final culture plates were stored at 4 ºC for 10 days 
before testing. 
 
Nematodes used for experiment   
Soil samples from M. hapla infested growths of carrot 

were collected from the Litol region (50°11'6.573"N, 
14°50'38.933"E) and used for the reproduction of M. hapla 
nematodes. Tomato plants (cv. Tornádo, SEMO) were 
used as the hosts. After three months of cultivation, the 
roots containing egg sacs of M. hapla were stained with 
0.01 % eosin at 4 ºC for 3 hours. The stained egg sacs were 
handpicked using a nematological needle under 20 x mag-
nification and stored in physiological solution at 4 °C. The 
acquired egg sacs were transferred on a 25 µm sieve placed 
in a 50 ml Petri dish containing distilled water and allowed 
to hatch for five days. Second development-stage juveniles 
were collected and concentrated by centrifugation at 
3000 x g for 15 minutes. The collected nematodes were 
directly used for the experiments.  
 
Bioassay on cultures  
The Stropharia rugosoannulata and Arthrobotrys oligo-
spora strains subjected to the bioassay were grown under 
the conditions described above on 60 mm polycarbonate 
Petri plates until acanthocyte formation, in the case of S. 
rugosoannulata, and after the A. oligospora mycelia 
reached a diameter of 20 mm. Second-stage juveniles of M. 
hapla were rinsed twice in distilled water prior to the trials, 
and five M. hapla juveniles were individually transferred 
to prepared Petri dishes using the nematology needle. A 
control blank variant was arranged in a similar fashion: the 
same number of nematodes was transferred to Petri plates 
containing pure cultivation media. The dishes were incu-
bated at 23 °C. The experiment was performed using 
twenty replicates.  
 
The evaluation of results  
The mobile and immobile M. hapla nematodes were 
counted after 4 and 24 hours using a stereomicroscope. 
The control variants were observed for the same periods as 
the experimental nematodes Data were expressed as a 
percentage and transformed using the arcsine function. A 
statistical analysis was performed using ANOVA, followed 
by Tukey’s test (Statistica 9.0). 
 
Results and discussion 
 
Large restriction and revision of the using of pesticides in 
agricultural production is opportunity for researchers to 
undertake and find new environmental, human and animal 
health safety methods of plant pest’s reduction. So, the 
research on low environmental impact alternatives to 
chemicals has received a strong impulse with a wide range 
of options. Among these alternatives, the organic amend-
ments (Renčo et al., 2011; Sasanelli, 2009; D’Addabbo et 
al., 2011), natural plant-derived compounds (Maistrello et 
al. 2010; Renčo et al., 2012) as well as the use of nema-
tode-trapping fungus as nematode biological control (Zou-
har, et al., 2010) has been found as the most suitable in 
organic agriculture.  
According to our knowledge no tests with Stropharia sp. 
and gall nematodes were conducted so far. As showed our 
results, both of the tested nematophagous fungi exhibited a 

 
 

Fig. 1. Acanthocyte of S. rugosoannulata 
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statistically significant carnivorous activity (Fig 2). How-
ever, S. rugosoannulata was much more effective than 
A. oligospora; in the case of the treatment with A. oligo-
spora for 4 h, the efficacy of the fungus was rather low but 
still statistically significant. The nematodes treated with 
S. rugosoannulata showed almost 100 % immobilisation 
after 24 h (Table 1). These results confirm the findings of 
Luo et al. (2006) who found over 90 % of Bursaphelen-
chus xylophilus nematodes immobilised after 15 minutes in 
the vicinity of S. rugosoannulata mycelium. 
The species A. oligospora have been found as the first 
nematode-trapping fungus by Duddington (1954) inside 
the cysts of Heterodera rostochiensis and now is recog-
nized as the most commonly isolated and by far the most 
abundant nematode-trapping fungus in the environment. 
Since then it has been found as pathogenic to several spe-
cies of plant parasitic nematodes, e.g. D. dipsaci, G. rosto-
chiensis and M. hapla (Zouhar et al., 2010) or to Pratylen-
chus peneterans (Timper & Brodie, 1993). In addition to 
these a lot of other fungal species have been found as para-
site of root-knot nematodes M. hapla and M. incognita as 
well, e.g. Fusarium, Alternatia, Verticillium psalliotae, V. 
chlamydosporium, Monacrosporium sp., Arthrobotrys sp., 

Hirsutella rhossiliensis, Paecilomyces lilacinus; Pochonia 
suchlasporia var. catenata, Aphanocladium album (De 
Leij et al., 1993; Bonants et al., 1995; Viaene & Abawi, 
1998; 2000; Xu et al., 2008; Sasanelli et al. 2008); species 
Arthrobotrys oligospora, Dactylella oviparasitica, Dac-
tylellina candida, Dactylellina lysipag, Dactylellina 
phymatopaga and Pochonia chlamydosporia var. chla-
mydosporia as pathogenic to Ditylenchus dipsaci, Globo-
dera rostochiensis and Meloidogyne hapla nematodes 
(Zouhar et al., 2010). The species Botryotrichum pilu-
liferum, Scolecobasidium constrictum, Gliocladium 
roseum and Phoma finetii were isolated from cysts and 
eggs of G. rostochiensis (Trifonova & Karadjova, 2003) or 
V. chlamydosporium, Fuzarium oxysporum and Cylindro-
carpon destructans from infected females of Heterodera 
schachtii and H. avenae (Tribe, 1979; Crump, 1987) and 
many others. 
Our results suggest that S. rugosoannulata may be used for 
the biological control of plant parasitic nematodes. How-
ever, its utilisation should be assessed more precisely. The 
main problem when assessing the development of novel 
fungi for biological nematicide substances is generally the 
low saprophytic competiveness in soil because mycelial 

 
 

Fig. 2. Second stage juvenile M. hapla immobilized by acanthocytes S. rugosoannulata 
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growth and acanthocyte formation are energy-requiring 
processes that precede predation (Gray, 1987). The ability 
to colonise the rhizosphere of crop plants quickly is an 
important factor when considering the possibility of utilis-
ing certain fungal species for crop protection treatments 
(Persson & Jansson, 1999). Thus, an effective and inex-
pensive method of nematophagous fungi cultivation is of 
crucial importance so that we can expect a rapid colonisa-
tion when delivering a large amount of fungal biomass to 
the field. Considering this factor, there could be an ad-
vantage in using S. rugosoannulata because this species is 
cultivated as an edible mushroom and cultures are com-
mercially available for this purpose (Poppe, 2000). 
Therefore, the nematophagous activity of S. rugosoannu-
lata on the plant parasitic nematode M. hapla was con-
firmed for the first time. Additional tests are necessary to 
evaluate the potential use of S. rugosoannulata for the 
biological control of Meloidogyne hapla and the other 
root-knot nematode species. Such test should focus espe-
cially the practical aims as optimizing of high volume 
fungi cultivation and development of carrier suitable for 
field application. Evaluation of the effect on other plant 
parasitic nematodes would be desirable as well. 
 
Acknowledgement 
 
The authors acknowledge support of the Czech Ministry of 
Agriculture (project N° QH81163) and the scientific grant 
agency VEGA (Grant N° 2/0079/13). 
 
References 

 
ATKINS, S. D., CLARK I. M., PANDE S., HIRSCH P. R., 
KERRY B. R. (2005): The use of real-time PCR and spe-
cies-specific primers for the identification and monitoring 
of Paecilomyces lilacinus. FEMS Microbiol. Ecol., 51: 257 
– 264. DOI: 10.1016/j.femsec.2004.09.002. 
BOURNE, J. M., KERRY, B. R. (1998): Effect of the host 
plant on the efficacy of Verticillium chlamydosporium as a 
biological control agent of root-knot nematodes at different 
nematode densities and fungal application rates. Soil Biol. 
Biochem., 31: 75 – 84 
BONANTS, P. J. M., FITTERS, P. F. L., THIJS, H., DEN BEL-
DER, E., WAALWIJK, C., HENFLING, J. V. D. M (1995): A 
basic serine protease from Paecilomyces lilacinus with bio-
logical activity against Meloidogyne hapla eggs. Microbio-
logy, 141:  775 – 784. DOI: 10.1099/13500872-141-4-775 

CRUMP, D. H. (1987). Effect of time sampling method of 
isolation and age of nematode on the species of fungi iso-
lated from females of Heterodera schachtii and Hetero-
dera avenae. Rev. Nematol., 10: 396 – 378 
D’ADDABBO, T., PAPAJOVÁ, I., SASANELLI, N., RADICCI, 
V., RENČO, M. (2011): Suppression of root-knot nematodes 
in potting mixes amended with different composted bio-
wastes. Helminthologia, 48: 278 – 287. DOI: 10.2478/S11 
687-011-0039-X 
DE LEIJ, F. A. A. M., KERRY, B. R., DENNEHY, J. A. (1993) 
Verticillium Chlamydosporium as a biological control 
agent for Meloidogyne incognita and M. hapla in pot and 
micro-plot tests. Nematologica, 39: 115 – 126 
DUDDINGTON, C. L. (1954): Nematode-destroying fungi in 
agricultural soils. Nature, 173: 500 – 501. DOI: 10.1038/ 
173500a0 
DUPPONOIS, R., BA, A. M., MATEILLE, T. (1998): Effects 
of sorne rhizosphere bacteria for the biocontrol of nerna-
todes of the genus Meloidogyne with Arthrobotrys oligo-
spora. Fundam. Appl. Nematol., 21 (2): 157 – 163 
FARR, D. F. (1980): The acanthocyte, a unique cell type in 
Stropharia (Agaricales). Mycotaxon, 11: 241 – 249 
GRAY, N. F. (1987): Nematophageous fungi with particular 
reference to their ecology. Biol. Rev., 62: 245 – 304 
JAFFEE, B. A. (2004): Wood, nematodes, and the nema-
tode-trapping fungus Arthrobotrys oligospora. Soil Biol. 
Biochem., 36: 1171 – 1178. DOI: http://dx.doi.org/10.10 
16/j.soilbio.2004.03.003 
JANSON, H. B., LOPEZ-LLORCA, L. V. (2004): Control of 
nematodes by fungi – In: ARORA D. K. (Ed) Fungal bio-
technology in agricultural, food and environmental appli-
cations. New York and Basel, p. 205 – 215 
LEE, Q., WIDDEN, P. (1996): Folsomia candida, a fun-
givorous collembolan, feeds preferentially on nematodes 
rather than soil fungi. Soil Biol. Biochem., 28: 689 – 690 
LUO H., LI X., LI G., PAN Y., ZHANG, G. (2006): Acantho-
cytes of Stropharia rugosoannulata Function as a Nema-
tode-Attacking Device. Appl. Environ. Microbiol., 72(4): 
2982 – 2987 
MAISTRELLO, L., VACCARI, G., SASANELLI, N. (2010): 
Effect of chestnut tannins on the root-knot nematode 
Meloidogyne javanica. Helminthologia, 47, 48 – 57. DOI: 
10.2478/s11687-010-0008-9 
MORGAN, M., BEHNKE, J. M., LUCAS, J. A., PEBERDY, J. 
F. (1997): In vitro assessment of the influence of nutrition, 
temperature and larval density on trapping of the infective 
larvae of Heligmosomoides polygyrus, by Arthrobotrys 

Table 1. Immobilization of Meloidogyne hapla juveniles by Stropharia rugosoannulata and Arthrobotrys oligospora 
 

Fungi species 
Incubation 

time 

Average no.  
of immobile 

nematodes ± SD 

Average no.  
of mobile 

nematodes ± SD 

Average % 
immobilized 

nematodes ± SD 

P value of ANOVA  
for immobile 
nematodes 

Stropharia rugosoanulata 4 h 4.1 ± 1.4 0.9 ± 1.4 81.7 ± 27.6 0.000121 
Arthrobotrys oligopora 4 h 0.9 ± 0.8 4.1 ± 0.8 17.8 ± 15.6 0.021786 
Control 4 h 0.0  ± 0.0 5.0 ± 0.0 0.0 ± 0.0 - 
      
Stropharia rugosoanulata 24 h 4.9 ± 0.3 0.1 ± 0.3 98.3 ± 5.8 0.000121 
Arthrobotrys oligopora 24 h 3.0 ± 1.0 2.0 ± 1.0 60.0 ± 20.0 0.000121 
Control 24 h 0.0 ± 0.0 5.0 ± 0.0 0.0 ± 0.0 - 



 
 

 
 

131

oligospora, Duddingtonia flagrans and Monacrosporium 
megalosporum. Parasitology, 115, 303 – 310 
PEREIRA, C. G., ALMENARA, D. P., WINTER, C. E., 
FRITSCH, P. W., LAMBERS, H., OLIVEIRA, R. S. (2012): 
Underground leaves of Philcoxia trap and digest nema-
todes. Proceedings of the National Academy of Sciences of 
the United States of America, Published online before print 
January 9, 2012, DOI: 10.1073/pnas.1114199109.  
PERSSON, C., JANSSOM, H. B. (1999): Rhizosphere Coloni-
zation and Control of Meloidogyne spp. by Nematode-
trapping Fungi. J. Nematol., 31: 164 – 171 
POPPE J (2000): Use of the agricultural waste materials in 
the cultivation of mushrooms. Mushroom Sci., 15: 3–23 
RENČO, M., SASANELLI, N., KOVÁČIK, P. (2011): The ef-
fect of soil compost treatments on potato cyst nematodes 
Globodera rostochiensis and Globodera pallida. Helmin-
thologia, 48: 184 – 194. DOI: 10.2478/s11687-011-0027-1 
RENČO, M., SASANELLI, N., PAPAJOVÁ, I., MAISTRELLO, L. 
(2012): The nematicidal effect of chestnut tannin solutions 
on the potato cyst nematode Globodera rostochiensis 
(Woll.) Behrens. Helminthologia, 49: 108 – 114. DOI: 
10.2478/s11687-012-0022-1 
SASANELLI, N., CICCARESE, F., PAPAJOVÁ, I. (2008):  
Aphanocladium album by sub-irrigation in the control of 
Pyrenochaeta lycopersici and Meloidogyne incognita on 
tomato in a plastic-house. Helminthologia, 45: 137 – 142. 
DOI: 10.2478/s11687-008-0027-y 
SASANELLI, N. (2009): Olive nematodes and their control. 
In: CIANCIO, A., MUKERJI, G. (Eds) Integrated Manage-
ment of Fruit Crops and Forest Nematodes. pp. 275 – 315 
SINGH, K. P., JAISWAL, R. K., KUMAR, N., KUMAR, D. 
(2007): Nematophagous fungi associated with root galls of 
rice caused by Meloidogyne graminicola and its control by 
Arthrobotrys dactyloides and Dactylaria brochopaga. J. 
Phytopathol., 155: 193 – 197. DOI: 10.1111/j.1439-
0434.2007.01208.x. 
SUKHJEET, K., KAUL, V. K. (2007): Effect of Arthrobotrys 
....  
 
 
 
 
 
 
 
 
 
RECEIVED OCTOBER 9, 2012 
 
 
 
 
 
 
 
 
 

oligospora inoculations at composting or with casing soil 
on Ditylenchus myceliophagus population development in 
white button mushroom (Agaricus bisporus). Plant Dis. 
Res., 22(2): 188 – 188 
TIMPER, P., BRODIE B. B. (1993): Infection of Pratylenchus 
penetrans by nematode-pathogenic fungi. J. Nematol., 25: 
297 – 302 
TRIBE, H. T. (1979): Extent of disease in populations of 
Heterodera with special reference to Heterodera schachtii. 
Anu. App. Biol., 92: 61 – 72 
TRIFONOVA, Z., KARADJOVA, J. (2003) Fungal parasitism 
of the cysts and eggs of the Globodera rostochiensis. J. 
Agric. Sci., 48: 103 – 110  
VAN DAMME, V., HOEDEKIE A., VIAENE, N. (2005): Long-
term efficacy of Pochonia chlamydosporia for manage-
ment of Meloidogyne javanica in glasshouse crops. Nema-
tology, 7: 727 – 736. DOI: 10.1163/156854105775142973 
VIAENE, N. M., ABAWI, G. S. (1998): Fungi parasitic on 
juveniles and egg masses of Meloidogyne hapla in organic 
soils from New York. J. Nematol., 30: 632 – 638 
VIAENE, N. M., ABAWI, G. S. (2000): Hirsutella rhossili-
ensis and Verticillium chlamydosporium as biocontrol 
agents of the Root-knot Nematode Meloidogyne hapla on 
Lettuce. J. Nematol., 32: 85 – 100 
WALTER, D. E., KAPLAN, D. T. (1991): Observations on 
Coleoscirus simplex (Acarina: Prostigmata), a predatory 
mite that colonizes greenhouse cultures of rootknot nema-
tode (Meloidogyne spp.), and a review of feeding behavior 
in the Cunaxidae. Exp. App. Acar., 12: 47 – 59. DOI: 
10.1007/BF01204399 
XU X., PENGFEI, Y., XIUHUA, C., CHENGMIN, Z.,  BAODU, 
L. (2008): The nematophagous fungus Pochonia such-
lasporia var. catenata paratising the Meloidogyne hapla 
eggs. J. Fung. Res., 6: 129 – 132 
ZOUHAR, M., DOUDA, O., NOVOTNÝ, D., NOVÁKOVÁ, J., 
MAZÁKOVÁ, J. (2010): Evaluation of the pathogenicity of 
selected nematophagous fungi. Czech Mycol., 61: 139 – 147 
 
 
 
 
 
 
 
 
 
 
ACCEPTED JANUARY 11, 2013 
 
 
 


	Summary
	Keywords
	Introduction
	Material and methods
	Stropharia rugosoannulata and Arthrobotrys oligosporastrains used in the experiment and their cultivation
	Fig. 1.

	Nematodes used for experiment
	Bioassay on cultures
	The evaluation of results

	Results and discussion
	Fig. 2.
	Table 1.

	Acknowledgement
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /SKY ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


