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ABSTRACT

A total of 4 strains of bacteria were isolated from the leaf surface of
the rambutan using a tissue transplanting technique. They were
characterized, by a dual culture test, for their efficacy to inhibit mycelial
growth of Pythium aphanidermatum, a causal agent of the damping-off on
tomato. All 4 strains significantly inhibited mycelial growth of P.
aphanidermatum on potato dextrose agar (PDA) at room temperature (27
°C). B-NST-02 and B-NST-03 gave values of inhibition of 62.0 % and
57.5 %, respectively. All strains were identified as Bacillus spp. Antifungal
metabolites extracted from all 4 strains were tested at 1,000 mg/l. Tomato
seedlings treated in the laboratory with metabolites from B-NST-03 and B-
NST-02 showed germination of 85.5 % and 82.0 %, respectively. Under
glasshouse conditions, seedling treated with metabolites from B-NST-03
and B-NST-02 provided seed germination rates were 92.5 % and 92.0 %,
respectively, while the controls treated with either sterile water or 2 %
methanol had only 28.0 % and 26.5 % seed germination rates, respectively.
In P. aphanidermatum viability test, mycelia of P. aphanidermatum treated
with antifungal metabolites from 4 strains of Bacillus spp. showed no
visible growth, while the control with sterile water or 2 % methanol,
mycelia of P. aphanidermatum rapidly grew and covered the whole surface
of the PDA in the Petri dish within 5 days.

Keywords: Antifungal metabolite, tomato damping-off, Bacillus spp.,
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INTRODUCTION

Damping-off disease caused by Pythium aphanidermatum is a major disease of
several plants including tomato. This fungus causes severe damage to the tomato in both
pre and post emergence stages. This disease can be controlled by some fungicides such
as metalaxyl. However, side effects from fungicide usages were noted such as
acquisition of resistance of this pathogen and potential oncogenic risks of the fungicide.
The application of biological control agents (BCAs) and their antifungal metabolites to
control this disease could be an interesting alternative to fungicides. Trichoderma spp.
and Bacillus spp. [1,2] have been successfully used for disease control in a variety of
important plant pathogens such as P. aphanidermatum, Cercospora sp., Sclerotinia
sclerotiorum, Colletotrichum gloeosporioides and Rhizoctonia solani [3-7]. The
mechanisms underlying these bacterial antagonisms for plant pathogens involve
antibiosis, competition for nutrients or space, enhancement of root and plant
development, induction of plant resistance, solubilization and sequestration of inorganic
nutrients and/or inactivation of the pathogen’s enzymes [8]. Antibiosis, in particular, is
the most important mechanism for control of a plant disease. The aims of this
investigation were to: 1) Evaluate the in vitro inhibition effects of Bacillus spp. on P.
aphanidermatum mycelial growth, 2) Evaluate the effect of antifungal metabolites from
Bacillus spp. under laboratory and glasshouse conditions, and 3) Identify the genus of
promising strains of Bacillus spp.

MATERIALS AND METHODS

Microorganisms

Bacteria were isolated from rambutan leaf surfaces in various orchards in
Nakhon Si Thammarat using a tissue transplanting technique modified from Agrios [9].
The plant materials were cut to small pieces (0.5 x 0.5 cm”) and washed with sterile
water. Then, the plant samples were dried on sterile soft paper before transferring to a
Petri dish containing nutrient glucose agar (NGA). The Petri dish was then sealed with
plastic wrap and incubated at room temperature (27 £ 2 °C) for 3 days. The growing
colonies were subcultured on nutrient agar (NA) for single colony isolation and each
single colony was resubcultured in NA slant. The slant was kept at 10 °C and used as a
stock culture. This stock culture was subcultured every 3 months.

Isolation of a pathogen from tomato plants with damping-off symptoms was
performed on potato dextrose agar (PDA) by the tissue transplanting technique as
described above. The most pathogenic isolates were selected for further study.

Taxonomy for genus of bacterial strains
Morphological characteristics of all bacteria grown on NA at room temperature
for 2 days were observed. Gram test of bacteria was perform by using 3 % KOH [10],
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while the test for endospore formation was conducted by staining with 5 % malachite
green and safranin O [10].

In vitro evaluation of the inhibition effects of Bacillus spp. on Pythium
aphanidermatum mycelial growth

Three-day-old cultures of P. aphanidermatum on PDA and 2-day-old bacterial
antagonists on NA were used in this experiment. A mycelial plug of P. aphanidermatum
was cut from the colony margin by a 0.8 cm diameter cork borer and placed onto the
center of a Petri dish containing PDA. After transferring the pathogen, each bacterial
isolate was added to the dish as 4 spots in a cross design, each spot was 3 cm apart from
the center of the pathogen’s plug. The dish was sealed with plastic wrap and incubated
at room temperature for 3 days. Percent inhibition of mycelial growth of P.
aphanidermatum and clear zone caused by bacterial isolates were recorded daily. The
design used for this experiment was a complete randomized design (CRD) with 4
replications [4]. A Petri dish without any bacteria antagonist was also used as a control.

Extraction of antifungal metabolites

Two-day-old cultures of bacteria on NA were flooded with sterile water and
cells of bacteria were scraped with a sterilized glass rod. The cell suspension was
measured with a spectrophotometer and adjusted to 0.2 optical density (wavelength
600 nm, Spectronic 1001, Bausch and Lomb) with sterile water in order to obtain 1.0 X
10® cell/ml suspension. Three ml of cell suspension of each strain was inoculated into 1
1 of nutrient broth (NB) and incubated at 27 = 2 °C on a rotary shaker (160 rpm). Four
days after incubation, the bacterial culture was extracted with ethyl acetate (EtOAc) and
EtOAc was later removed at 40 °C using a rotary evaporator. The dry weight of
antifungal metabolites as crude extracts were recorded before being mixed with 25 ml,
2 % methanol, and adjusted to a concentration of 1,000 mg/l. Then the stock solution
was kept at 10 °C [11].

Viability of Pythium aphanidermatum

The pathogen was subcultured on PDA covered with a dialysis membrane for 2
days. Then, the membrane covered with mycelia was cut (0.5 x 0.5 cm?), placed into a
sterile Petri dish and flooded with 10 ml of crude extracts of Bacillus spp. (1,000 mg/I)
[11]. After 24 h of incubation, the membrane was rinsed with sterile water 3 times and
placed onto sterile soft paper. Then, the membrane was put into a Petri dish containing
PDA supplemented with 1 mg/l streptomycin sulfate and incubated at room
temperature. The mycelial growth of P. aphanidermatum was evaluated 5 days later.
The design used for this experiment was a complete randomized design (CRD) with 5
replications, 10 membranes per a replicate [11]. Treatment without any chemical and
treatment with metalaxyl were used as control 1 and 2, respectively.
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Evaluation of the effects of antifungal metabolites from Bacillus spp. under
laboratory conditions

Sterile filter paper discs (Whatman No. 1), 1.3 cm in diameter, were placed onto
PDA Petri dishes inoculated with P. aphanidermatum. These dishes were sealed with
plastic wrap before incubation at 27 £ 2 °C until discs were well colonized with P.
aphanidermatum. The discs were removed and placed on sterile moistened filter paper
in Petri dishes, 10 discs per Petri dish, before being covered with a paper disc imbibed
with 1,000 mg/l crude extracts of Bacillus spp. Disinfected tomato (Lycopersicon
esculentum) seeds (dipped in 2 % sodium hypochlorite for 30 sec and rinsed with sterile
water for 5 min, 3 times) were placed on filter paper discs, one seed per disc. Percent of
seedling germination was recorded 14 days after treatment. Three controls used
comprised of surface disinfected tomato seeds placed on sterile filter paper discs. Sterile
filter paper discs colonized with P. aphanidermatum were covered with sterile discs
dipped in sterile water and 2 % methanol for 10 min, respectively. Paper disc
impregnated with 1,000 mg/l of metalaxyl, a systemic fungicide was also used as a
control. The design used for this experiment was a complete randomized design (CRD)
with 5 replications, 10 seeds per a replicate [11].

Evaluation of the effects of antifungal metabolites from Bacillus spp. under
glasshouse conditions

Pots containing sterilized Mai Long Mai Loo (trade name) [11] potting mix
autoclaved at 121 °C for 1 h in 2 consecutive days were used. The disc colonized with
P. aphanidermatum was transferred into potting mix (10 pairs per pot) at 0.5 cm depth
from surface. The disinfected tomato seeds immersed overnight in sterile water were
immersed in crude extracts of Bacillus spp. for 10 min before placing them over the
Pythium inoculated discs approximately 0.3 cm from the surface (1 seed per pair of
discs). The number of germinated tomato seeds was recorded after 14 days. Control 1
used tomato seeds dipped in sterile water for 10 min before placing above the colonized
discs. Tomato seeds dipped in 2 % methanol before placing above colonized discs were
used as control 2. The design used for this experiment was a complete randomized
design (CRD) with 5 replications, 10 seeds per a replicate [11].

Statistical analysis
All data were analyzed by ANOVA using the GLM procedure of SAS [12]
system for Windows and were considered significant when P < 0.05.

RESULTS

Taxonomy for genus of bacterial strains

Seventeen strains of bacteria were isolated from the rambutan leaf surface. Six
strains were gram positive, while 11 strains were gram negative. Six gram positive
strains were further investigated for morphological characteristics. Four strains (B-NST-
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01, B-NST-02, B-NST-03 and B-NST-04) were identified as Bacillus spp. based on
varied colony morphology, white colony color, rough colony surface and endospore
formation.

In vitro evaluation of the inhibition effects of Bacillus spp. on Pythium
aphanidermatum mycelial growth

Clear zones characterized the inhibition of P. aphanidermatum mycelial growth.
All strains of bacterial antagonists inhibited mycelial growth of P. aphanidermatum on
PDA at room temperature by 48.0 - 62.0 % as compared to a control without a bacterial
antagonist. Especially, strains B-NST-02 and B-NST-03 which provided 62.0 and
57.5 % of inhibition, respectively (Table 1).

Table 1 Mycelial growth inhibition of Pythium aphanidermatum by Bacillus spp.

Genus Strains Mycelial growth inhibition (%) L
Bacillus sp. B-NST-01 48.0 b”
Bacillus sp. B-NST-02 62.0 a
Bacillus sp. B-NST-03 57.5 ab
Bacillus sp. B-NST-04 56.5 ab

—_
~

= Percent inhibition of mycelial growth of Pythium aphanidermatum on PDA as
compared to the control 3 days after inoculation, at room temperature.

Values followed by the same letter in each column are not significantly different from
each other according to Duncan’s Multiple Range Test (p=0.05).

|N
~

Extraction of antifungal metabolites

Antifungal metabolites were successfully extracted from all tested strains of
Bacillus spp. using ethyl acetate as a solvent. Dried extracts were white-yellow in color
and their weights obtained were 6.76, 6.51, 6.33 and 6.03 g/l of the extract for the
strains B-NST-01, B-NST-04, B-NST-03 and B-NST-02, respectively.

Viability of Pythium aphanidermatum

Mycelia of P. aphanidermatum treated with sterile water or methanol (2 %),
covered the whole agar surface in the Petri dish within 5 days. No visible growth of
mycelia of P. aphanidermatum was noted if treated with a suspension of Bacillus spp.
crude extracts (1,000 mg/l) or metalaxy]l.

Evaluation of the effects of antifungal metabolites from Bacillus spp. under
laboratory conditions

Percent of seed germination in the control 1 (sterile water) and control 2 (2 %
methanol) were 17.5 % and 16.0 %, respectively, whereas seeds treated with
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1,000 mg/l metalaxyl gave 85.0 % seed germination. The same high germination were
obtained after treated with 1,000 mg/l crude extracts of Bacillus spp. Especially
treatment by strains B-NST-03 and B-NST-02 which resulted in, compared to the
control (water), germination rates of 85.5 % and 82.0 %, respectively (Table 2).

Table 2 Seed germination of tomato 14 days after placing seeds over paired discs of
filter paper precolonized with Pythium aphanidermatum and treated with 1,000 mg/1
crude extracts from 4 strains of Bacillus spp. in laboratory and glasshouse tests.

Seed germination (%)

Treatments Laboratory Glasshouse
Sterile water (control 1) 17.5 ¢ 28.0 ¢t
Methanol (control 2) 16.0 ¢ 26.5 ¢
B-NST-01 72.5 b 80.0 b
B-NST-02 82.0 ab 92.0 a
B-NST-03 85.5 a 925 a
B-NST-04 78.5 b 85.5 ab
Metalaxyl (1,000 mg/1) 85.0 a 88.5 ab

' values followed by the same letter in each column are not significantly different from
each other according to Duncan’s Multiple Range Test (p=0.05).

Evaluation of the effects of antifungal metabolites from Bacillus spp. under
glasshouse conditions

Significantly higher seed germination than in control 1 (sterile water) and
control 2 (2 % methanol) were obtained following treatments with 1,000 mg/l crude
extracts of Bacillus spp. and metalaxyl. Especially, strains B-NST-03 and B-NST-02
that showed germination of 92.5 % and 92.0 %, respectively, while control 1 (sterile
water) and control 2 (2 % methanol) had 28.0 % and 26.5 % seedlings germination
rates, respectively, whereas seeds treated with 1,000 mg/l metalaxyl gave 88.5 % seed
germination (Table 2).

DISCUSSION

Four bacterial strains were isolated from the leaf surface of rambutan indicating
that some bacteria could grow and survive on the leaf surface of rambutan. This is
probably due to the fact that plant leaf usually produces some nutrients suitable for the
growth of bacteria [13].

Since a tissue transplanting technique was used for bacterial isolation, only
bacteria which had significantly colonized the rambutan leaf surface were isolated. In
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this research, there was a strong intention to prove that phylloplane associated bacteria
from the rambutan leaf surface can be potential antagonists against some soilborn
pathogens, especially P. aphanidermatum [4,11].

All strains of bacterial antagonists inhibited mycelial growth of P.
aphanidermatum. This suggests that bacteria on the rambutan leaf surface were potent
antagonists of P. aphanidermatum. Similar evidence was reported by Koomen and
Jeffries [14], who showed that most strains of Bacillus spp. have potential as bacterial
antagonists to many plant pathogens including P. aphanidermatum.

Yoshida and co-workers [15] reported that Bacillus spp. produces a clear zone
(maybe this clear zone contains some antibiotics) to inhibit pathogens on an agar test
and that bacterial antagonists which were able to produce antibiotics, provided better
efficacy to inhibit mycelial growth of plant pathogens than bacterial antagonists without
antibiotic production. This indicated the important role of bacterial metabolites in the
inhibition of mycelial growth of plant pathogens [15-20]. Our results showed that all
strains of bacterial antagonists could produce clear zones on agar and confirmed the
results of previous studies. Moreover several researchers reported that Bacillus spp.
produce a large number of antifungal metabolites such as bacitracin, gramicidin S,
polymyxin, tyrotricidin, bacilysin, chlotetaine, iturin A, mycobacillin, bacilomycin,
mycosubtilin, fungistatin and subsporin [7,21,22] which are able to control plant
diseases.

Successful use of antifungal metabolites extracted from Bacillus spp. to control
cucumber damping-off caused by P. aphanidermatum has been reported [5]. Our study
demonstrated that control of P. aphanidermatum could also be achieved in tomato
plantations. Both in the laboratory and glasshouse conditions, crude extracts (1,000
mg/L) produced by all Bacillus spp. strains gave high and satisfactory control of
damping-off disease resulting in an increased percent germination rate of tomato seeds.

In this research, we obtained interesting and promising results for successful
control of tomato damping-off caused by P. aphanidermatum using biological natural
products from Bacillus spp. The efficacy of antifungal metabolites obtained from all
strains of Bacillus spp. was not statistically and significantly different to those in which
metalaxyl was used. However, use of Bacillus in field control of P. aphanidermatum
with an equal biological controlling effect but without any oncogenic risk associated
with metalaxyl will be in the long term safer for the environment and animal
populations. Therefore, it is important to research further into the mass production and
application techniques of the antifungal metabolites for the control of tomato and other
plant diseases in the field. In particular, isolation, purification and structural
characterization of the secondary metabolites from the bacterial crude extracts as well as
assessment of their control effects of fungi are warranted.



36

W INTANA et al

ACKNOWLEDGEMENTS

The authors thank the Scientific and Technology Equipment Center and the

Tropical Fruits Research Unit (Walailak University) for the use of their facilities. We
would like to thank Prof. Dr. Serge Belloncik for proofreading on this manuscript. This
research was supported by the grant No. 02/2550 from the Institute of Research and
Development (Walailak University).

[3]

[4]

[5]

[6]

REFFERENCES

H Wolfhechel and DF Jensen. Use of Trichoderma harzianum and Gliocladium
virens for the biological control of post-emergence damping-off and root rot of
cucumber caused by Pythium ultimum. J. Phytopathol. 1992; 136, 221-30.

L Hong, W Duccan, AL Kathryn, B Frank and L Carlo. Biological control of
Botrytis, Phytophthora and Pythium by Bacillus subtilis Cofl and CL27 of
micropropagated plants in high-humidity fogging glasshouse. Plant Cell Tiss.
Org. 1998; 52, 109-12.

GY Yu, JB Sinclair, GL Hartman and BL Bertagnolli. Production of iturin A by
Bacillus amyloliquefaciens suppressing Rhizoctonia solani. Soil Biol. Biochem.
2002; 34, 955-63.

P Yenjit, W Intanoo, C Chamswarng, J Siripanich and W Intana. Use of promising
bacterial strains for controlling antracnose on leaf and fruit of mango caused by
Colletotrichum gloeosporioides. Walailak J. Sci. & Tech. 2004; 1, 56-69.

TC Paulitz, T Zhou and L Rankin. Selection of rhizosphere bacteria for biological
control of Pythium aphanidermatum on hydroponically grown cucumber. Biol.
Control 1992; 2, 226-37.

WGD Fernando, S Nakkeeran, Y Zhang and S Savchuk. Biological control of
Sclerotinia sclerotiorum (Lib.) de Bary by Pseudomonas and Bacillus species on
canola petals. Crop Prot. 2006; 26, 100-7.

DP Collins and BJ Jacobsen. Optimizing a Bacillus subtilis isolate for biological
control of sugar beet Cercospora leaf spot. Biol. Control 2002; 26, 153-61.

GE Harman. Myths and dogmas of biocontrol changes in perceptions derived
from research on Trichoderma harzianum T-22. Plant Dis. 2000; 84, 377-93.

GN Agrios. Plant Pathology, 5" ed. Academic Press, New York, 2005, p. 703.

E Ryu. On the Gram-differentiation of bacteria by the simplest method. J. Jpn.
Soc. Vet. Sci. 1938; 17; 31.

W Intana and C Chamswarng. Control of Chinese-kale damping-off caused by
Pythium aphanidermatum by antifungal metabolites of Trichoderma virens.
Songklanakarin J. Sci. Technol. 2007; 29, 919-27.

SAS Institute Inc. SAS Online Doc. Version 8 with PDF files. SAS Institute Inc.,
USA, 2000.



[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]
[21]

[22]

ANTIFUNGAL CONTROL OF TOMATO DAMPING-OFF 37

DR Fravel and HW Spurr. Biocontrol of tobacco brown spot disease by Bacillus
cereus subsp. Mycoides in a controlled environment. Phytopathology 1977; 67,
930-2.

I Koomen and P Jeffries. Effects of antagonistic microorganisms on the post-
harvest development of Colletotrichum gloeosporioides on mango. Plant Pathol.
1993; 42, 230-7.

S Yoshida, S Hiradate, T Tsukamoto, K Hatakeda and A Shirata. Antimicrobial
activity of culture filtrate of Bacillus amyloliquefacien RC-2 isolated from
mulberry leaves. Phytopathology 2001; 91, 181-7.

CJ Baker, JR Stavely, CA Thomas, M Sasser and JS MacFall. Inhibitory effect of
Bacillus subtilis on Uromyces phaseoli and on development of rust on bean
leaves. Phytopathology 1983; 73, 1148-52.

GJ Stessel, C Leben and GW Keitt. Partial purification and properties of the
antifungal antibiotic, toximycin. Phytopathology 1953; 43, 23-6.

RC Gueldner, CC Reilly, PL Pusey and CE Costello. Isolation and identification
of iturins as antifungal peptides in biological control of peach brown rot with
Bacillus subtilis. J. Agric. Food Chem. 1988; 36, 366-70.

CD McKeen, CC Reilly and PL Pusey. Production and partial characterization of
antifungal substances antagonistic to Monilinia fructicola from Bacillus subtilis.
Phytopathology 1986; 76, 136-9.

GS Asante and AL Neal. Characterization of fungistatic substance produced by a
Bacillus antagonistic to Ceratocystis ulmi. Phytopathology 1963; 54, 8§19-22.

F Drablos, D Nichoson and M Ronning. EXAFS study of zinc coordination in
bacitracin A. Biochem. Biophys. Acta. 1999; 1431, 433-42.

GP Trevor, J Daniel, O Sullivan and LM Larry. Identification of bacilysin,
chlorotetaine and itirin A produced by Bacillus sp. strain CS93 isolated from
pozol, a maxican fermented dough. Appl. Environ. Microbiol. 2003; 70, 631-4.



38 W INTANA et al

UNAAL

M3u dumn' Uszaes liudad’ WnBa gassaly’ gadnwuel nsuganade’ wye ga3slal uas Isziay uonang’
Usz@nSnnvesasAemu¥es 190 Bacillus spp. TumsaiugulsaniszavavvesuzvemaiinanInye
Pythium aphanidermatum
dy A A 4 a aa | . . A o dy
WwouuANize 4 aeWug 9nuena1nHdluveaaz1agds tissue transplanting  technique D11 1%0
9 Y
uuafiFennaoius wnageudszaninmmsdudimsniyveudule¥os Pythium  apahanidermatum
9
awig lsanhszauanvesuziiomaluszauiealjidams wodmameiuiidszaniamiudimsniyves
Y dy A a gy =3 Y
1dulewes p. aphanidermatum VUDIVT potato dextrose agar (PDA) NYUNHUNDY (27 £ 2 DI UL ) 14
o & a A a o o 4 3 < o w 4
TagaeWug B-NST-02 t1az B-NST-03 Nilszd@nTammsdudagail 62.0 uaz 57.5 wlesisud mudwy 1o
o a v { A A [~ o o ' § (4
SwunsdanuiuseuvaiiSennarewuiiiiu Bacillus spp. msanasaeduFosnnynareRuguaz
o v A wa A v Y A wa ' 3 A A
nageuminIugulsaniluneslfianmsuaz Isuseuluszauieslquiansnuinudavzwomeanuyluais
afanududL 1,000 daaniudeans 1ina1eWus B-NST-03 uay B-NST-02 H§11iumsioni 85.5 uay
73 o o w1 o A ' asd & A o
82.0 os1sua awdau drumsnadonluszaulsusoununnisuIsiusmdauzwomalumsananim
A A o 1A I = 3 A
WY 1,000 Hadniuaeans 9na1eWus B-NST-03 uaz B-NST-02 mstenveunaain 92.5 uag 92.0
sa < o it an S A A an Y v
lesidua muday TuvaginisuIsaruau 1 (NNIF9) 1aznITHATAILAY 2 (UMUDAANMTIY 2
sl Jd Ao 3 A I3 J o w Ada d’l
losidud) I maumssonveauani 28.0 iag 26.5 1esidua mud vy Tumsainae Mty InV0UF091
I ' Y Y A
P. aphanidermatum WuIwd@ulew¥esi P. aphanidermatum A luensaed1u¥e1910%0 Bacillus spp. 14 4
o Sy a yyw = an A d A A v v
arewug ligusoniyld luvaginssuisaruauiugluiilsainge uie wniueaamdudu 2
S 3 S 9 dy . a 3 a Y dy dy Y
wosidud idule¥os P. aphanidermatum 1939y57915 mazn3yAquiuo1ms PDA  luswdasuie ldvua

Melu s Tu

'gnindaunaTulasmanyas umInedeIdedntal suneMnal §aMIANATAT 5ITNIIY 80161

*main lsaiy aaznbasfunaay yanndonsaimans sunefmumanay Janiauasigu 73140




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


