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Pearl millet blast disease caused by
Pyricularia pennisetigena in western
arid Rajasthan, India
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Pearl millet is an important cereal crop grown for
grain and fodder in arid and semi-arid regions of
India. Pyricularia grisea (teleomorph: Magnaporthe
grisea) is known to cause devastating foliar blast dis-
ease leading to reduction in grain and fodder yields in
pearl millet. Internal transcribed spacer sequencing of
ribosomal DNA revealed that the foliar blast of pearl
millet in western arid Rajasthan, India, is caused by
Pyricularia pennisetigena. Multiple sequence align-
ment validated that the reference sequence of P. pen-
nisetigena from USA, aligned well with that of our
sequence of P. pennisetigena. Phylogram clearly deli-
neated P. grisea and P. penniseticola as phylogenetically
separate species of Pyricularia compared to P. pennise-
tigena. Therefore concerted efforts are needed to de-
velop resistant varieties and hybrids in pearl millet
against P. pennisetigena in future plant breeding pro-
grammes, particularly for western arid Rajasthan. In
addition, isolate CZPMP-17, molecularly identified as
Colletotrichum sublioneola isolated from P. glaucum
causing foliar disease is shown to be a pathogen of
pearl millet.

Keywords: Arid region, geographical diversity, leaf
diseases, pearl millet, Pennisetum glaucum.

PEARL millet (Pennisetum glaucum (L.) R. Br.) an impor-
tant nutri-cereal crop is grown for grain, stover and green
fodder in arid and semi-arid regions of Africa, America
and Asia'. India is the largest producer of pearl millet
occupying an area of 8.16 m ha, of which 4.618 m ha
(56% acreage) lies in Rajasthan and 3.378 m ha (73%
acreage) is in the hot western arid regions. Mainly five
states (Rajasthan, Maharashtra, Gujarat, Uttar Pradesh
and Haryana) account for nearly 95% of the pearl millet
cultivation area. The national production of pearl millet is
9.363 Mt, whereas from the arid regions it is 2.324 Mt;
the productivity of arid areas is low compared to other
regions”. Over the years, foliar blast disease incidence in
pearl millet has increased in the arid regions significantly
reducing both the grain and fodder yields. Therefore, it is
imperative to develop cultivars with blast resistance.

The identification and species designation of microor-
ganisms based on morphological criteria is often not reli-
able due to significant morphological, physiological,
pathogenic and or genetic diversity™*. Nevertheless mole-
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cular techniques, especially PCR-based DNA approaches
are rapid and consistent in identifying precisely species
designation and resolving taxonomic chaos’. Internal
transcribed spacer (ITS) sequence polymorphism of highly
conserved rRNA gene region is a robust genetic marker
due to higher evolutionary changes and least functional
limitations for molecular diagnostics®’, and genetic
diversity both at inter- and -intra specific levels™’.

During 2019, blast incidence was severe in various
parts of the western arid regions of Rajasthan due to high
rainfall compared to the regional average. Surveys of
pearl millet disease were conducted in Barmer, Jaisalmer,
Jalor, Jodhpur, Nagaur and Pali districts of western arid
Rajasthan during the rainy season of 2019. Foliage sam-
ples were collected in paper bags and brought to the
laboratory. The infected leaf and stem tissues showing
symptoms of fungal infection were cut in small bits of
approximately 1.5 cm size and chemically surface-steri-
lized by dipping in 1% sodium hypochloride (NaOCI)
solution in petri plates, washed in sterilized distilled
water thrice and subsequently aseptically transferred onto
pre-sterilized and solidified carrot agar culture medium
(Hi Media) prepared by dissolving 19 g of carrot agar
medium in 1 litre of distilled water and sterilizing it by
autoclaving at 15 Ibs pressure (121°C) for 15 min. The
petri plates were incubated at 28°C for five days in a
BOD incubator. The growing mycelia tips were trans-
ferred along with some culture medium in the test tubes
containing pre-sterilized carrot agar medium slants and
again incubated in the BOD incubator for a week and
stored in a refrigerator until used.

Field soil (sandy loam) was sterilized by autoclaving in
polypropylene bags at 121°C for 1 h for two consecutive
days and filled in 2 kg of sterilized soil in plastic pots of
polyvinyl chloride (PVC). Pearl millet foliar blast-
susceptible genotype ICMA 08333 was sown in these
pots, and placed in the growth chamber and watered regu-
larly. Each isolated pathogen was raised in conical flasks
containing 100 ml of pre-sterilized malt extract dextrose
broth culture medium (10 g malt extract, 5 g dextrose in
1 litre of sterilized distilled water) for two weeks.
Mycelial mat of each flask was diluted with sterilized dis-
tilled water and blended sufficiently to obtain conidial
and mycelial suspension by filtering it with the help of
four-layered muslin cloth. Pathogenicity tests were per-
formed on three-week-old plants by spraying conidial
suspension of specified isolate and by covering the pots
for 12 h with a polythene sheet to maintain high humidity
(80-90%) in order to facilitate disease development. A
total of three pots were inoculated with each isolate. Leaf
symptoms were recorded, and each pathogen was reiso-
lated and its pathogenicity was confirmed.

Each fungal culture was grown on malt extract—glucose
broth culture medium (10 g malt extract, 5 g glucose per
litre) for eight days at 28°C. The genomic DNA was
isolated by crushing fresh fungal mycelia with a
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micro-pestle in liquid nitrogen in 1.5 ml micro centrifuge
tubes. Hi Pura® plant minikit (Hi Media Laboratories,
India) was used for DNA isolation following the proto-
cols suggested by Birren and Lai'’, and Sambrook et
al''. The polymerase chain reaction (PCR) universal
primers ITS-1 and ITS-4 were used to amplify the 5.8S
rRNA gene regions’. PCR amplification was performed
using thermal cycler (Corbett Research, USA) following
PCR conditions'?. The PCR products were run on 1.4%
(w/v) pre-stained agarose gel with ethidium bromide in
tris-acetic acid EDTA (I1x TAE) buffer at 60V for
100 min, and visualized under UV light using syngene
gel documentation system.

The sequencing of PCR amplified products was done
employing ITS-1 (forward) and ITS-4 (reverse) universal
primers separately using ABI Prism DNA sequencer (Ap-
plied Biosystems, USA). ITS-4 data were reverse-comp-
limented to obtain complete sequences of the entire 5.8S
rRNA gene together with the encompassing ITS regions.
The molecular diagnosis of each fungal culture was done
on the basis of maximum similarity with that of the best-
aligned reference sequence of Basic Local Alignment
Search Tool (BLAST) of National Centre of Biotechnol-
ogy Information (NCBI), USA. The complete rDNA se-
quences of ITS-1 and ITS-2 encompassing the 5.8S gene
region of all the 21 pathogenic fungi isolated from foliage
of pearl millet were deposited to NCBI database and
GenBank Accession numbers obtained. Multiple se-
quence alignment of blast pathogen was performed using
clustalX 1.83 software. The phylogenetic relationships of
blast pathogen in relation to the other reference sequences
of Pyricularia species were established by generating a
phylogram using TreeView software'’ based on nucleo-
tide polymorphisms in the ITS region of the 5.8S ribo-
somal nuclear DNA.
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Figure 1. Pearl millet foliar disease collection sites from western arid

region of Rajasthan, India.
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Figure 1 shows a geographical map of foliage sample
collection sites from six districts of the Western arid
region of Rajasthan. The typical symptoms of blast dis-
ease appear as small lesions on the leaves. With ad-
vancement of the disease, these expand and turn necrotic
with extensive chlorosis resulting in drying of young
leaves (Figure 2). Figure 3 shows a pearl millet plant
severely infected by blast disease. Figure 4 is a photomi-
crograph depicting close-up view of typically obpyriform
conidia of Pyricularia pennisetigena.

Table 1 shows the results of molecular identification of
fungal pathogens isolated from pearl millet foliage from
six districts of western arid Rajasthan. Among 21
samples molecularly identified, 16 were designated as
Pyricularia pennisetigena, three as Curvularia penneseti,
and one each as Colletotrichum sublioneola and Colleto-
trichum sp. The intra-species diversity among 16 P. pen-
nisetigena and their phylogenetic relationships with the
reference sequences of other Pyricularia species, viz. P.
grisea KM484880, P. penniseticola KM484925 and P.
pennisetigena KM484937 are shown in a phylogram
generated based on nucleotide polymorphisms in the ITS
region of the 5.8S ribosomal nuclear DNA (Figure 5).

The species of genus Pyricularia cause foliar blast
disease in rice, wheat and grasses'*. Foliar blast caused
by Pyricularia grisea (Cooke) Sacc. [teleomorph: Mag-
naporthe grisea (Herbert) Barr)], is a well-known devas-
tating fungal disease leading to reduction in grain and
fodder yields in pearl millet'>'®. Since several decades
concerted efforts are being made for the development of

Figure 2. Close-up view of blast-infected pearl millet leaf.
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Table 1. Molecular identification and GenBank accessions of 21 pathogenic fungi isolated from pearl millet representing
western arid region of Rajasthan, India
Sample ID District Latitude/Longitude GenBank accession Molecular Identification
CZPMP-1 Jodhpur 26°25'25.17"N; 72°9945.09"E MN889446 Pyricularia pennisetigena
CZPMP-2 Jodhpur 26°31719.37”N; 72°8522.82"E MN889447 Pyricularia pennisetigena
CZPMP-3 Jodhpur 26°06"34.29”N; 72°67°16.18"E MN889448 Pyricularia pennisetigena
CZPMP-4 Jodhpur 26°35"74.30”N; 73°05"35.52"E MN889449 Pyricularia pennisetigena
CZPMP-5 Jodhpur 26°60"27.59”N; 73°16’91.98"E MN889450 Pyricularia pennisetigena
CZPMP-6 Nagaur 26°98"12.14"N; 73°4403.95"E MN889451 Pyricularia pennisetigena
CZPMP-7 Barmer 25°89'94.28”N; 72°15702.57"E MN889452 Pyricularia pennisetigena
CZPMP-8 Nagaur 27°39°01.52”N; 73°54'94.43"E MN889453 Pyricularia pennisetigena
CZPMP-9 Nagaur 27°23’48.78"N; 73°66'44.35"E MN889454 Pyricularia pennisetigena
CZPMP-10 Bikaner 27°65'86.40”N, 73°37°35.12"E MN889455 Pyricularia pennisetigena
CZPMP-11 Bikaner 28°06°61.32”N; 73°32762.72"E MN889456 Curvularia penneseti
CZPMP-13 Barmer 25°84/29.73"N; 72°57"75.85"E MN889458 Pyricularia pennisetigena
CZPMP-14 Jalor 25°38743.92”N; 72°51768.59”E MN889459 Pyricularia pennisetigena
CZPMP-15 Pali 25°80784.76”N; 73°25'67.47"E MN889460 Pyricularia pennisetigena
CZPMP-16 Barmer 25°89'56.24"N; 72°24’87.31"E MN889461 Curvularia penneseti
CZPMP-17 Pali 25°79'99.71”N; 73°29’80.45"E MN889462 Colletotrichum sublioneola
CZPMP-18 Pali 25°86'45.71”N; 73°54'24.26"E MN889463 Pyricularia pennisetigena
CZPMP-19 Pali 25°94’82.55"N; 73°14’34.80”E MN889464 Pyricularia pennisetigena
CZPMP-20 Jalor 25°64"99.03”N; 72°84"38.56"E MN889465 Pyricularia pennisetigena
CZPMP-21 Jalor 25°45'31.44"N; 72°56749.17"E MN889466 Curvularia penneseti
CZPMP-22 Jalor 25°41'53.74"N; 72°47°42.65"E MN889467 Colletotrichum sp.

Figure 3.

Field view of severely blast-infected pearl millet plant.

Figure 4.
ria pennisetigena.

sequences with those of available NCBI reference

Close-up view of typically obpyriform conidia of Pyricula-

screening techniques and identification of resistance
sources against foliar blast in pearl millet targeting a
single Pyricularia species, viz. P. grisea' .

DNA sequencing results clearly demonstrate that the
causal agent of foliar blast disease of pearl millet in west-
ern arid Rajasthan is Pyricularia pennisetigena, which is
phylogenetically a completely different species Pyricula-
ria. This is validated by a phylogram generated upon
multiple sequence alignment of 16 P. pennisetigena
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sequences of P. grisea KM484880, P. penniseticola
KM484925 and P. pennisetigena KM484937. The phylo-
gram exhibited that the reference sequence KM484937 of
P. pennisetigena although reported from USA, aligned
well with that of our sequences of P. pennisetigena.
Whereas phylogenetic clade with bootstrap values
revealed that P. penniseticola and P. grisea are phylo-
genetically quite separate species of Pyricularia com-
pared to that P. pennisetigena.

Scanty literature reveals that there is no published
record of P. pennisetigena causing blast disease in
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Figure 5. Phylogram generated using Neighbor Joining plot of mul-
tiple sequence aligned rRNA gene region of Pyricularia pennisetigena
isolates along with reference sequences of P. grisea, Pyricularia pen-
niseticola and P. pennisetigena.

P. glaucum from the western arid region of Rajasthan,
except the one from USA by Klaubauf e al.*'. They also
reported P. pennisetigena as a pathogen from other cereal
hosts; Cenchrus echinatus and Echinochloa colona (Bra-
zil), Cenchrus ciliaris (Japan), other Pennisetum sp. (Mali)
and Cenchrus echinatus (Philippines). Klaubauf er al.*'
also emphasized on resolving the polyphyletic nature of
Pyricularia (Pyriculariaceae), and that host range and/or
conidium morphology cannot be used as a taxonomic cri-
terion without extensive pathotyping. They proposed re-
evaluation of the species concept within Pyriculariaceae
based on morphological and phylogenetic data. Zheng et
al®, on the basis of comparative genomic analysis of
P. oryzae and P. penniseti, suggested that P. penniseti
(P1609) could be a useful resource for the genetic study
of the Pennisetum-infecting Pyricularia species.

The isolate CZPMP-17 molecularly identified as Colle-
totrichum sublioneola and isolated from P. glaucum caus-
ing foliar disease is a pathogen of pearl millet. However
C. sublioneola as a pathogen causing anthracnose disease
in sorghum is well-known as one of the most important
fungal diseases which can cause substantial grain yield
losses in sorghum®*°. The isolates CZPMP-11, 16
and 21 were molecularly identified as Curvularia penne-
seti and are known to cause foliar disease in pearl
millet™.

The present study reveals that the causal agent of foliar
blast disease of pearl millet in arid western Rajasthan is
P. pennisetigena, which is phylogenetically completely a
different species of Pyricularia. Therefore, concerted
efforts must be made to develop resistant varieties and
hybrids in pearl millet against P. pennisetigena in future
plant breeding programmes, particularly for western arid
Rajasthan. Also, C. sublioneola isolated from P. glaucum
causing foliar disease has been recorded as a pathogen of
pearl millet in this study.

CURRENT SCIENCE, VOL. 119, NO. 10, 25 NOVEMBER 2020

. Thakur, R. P., Sharma, R., Rai, K. N., Gupta, S. K. and Rao, V. P.,

Screening techniques and resistance sources for foliar blast in
pearl millet. J. SAT Agric. Res., 2009, 7, 1-5.

. Solanki, R. K., Mahla, H. R., Kakani, R. K., Choudhary, K. B. and

Sharma, R., Stress tolerant crop varieties of major arid zone crops
to promote resilience to climatic stresses. Indian Farm., 2018,
68(9), 41-45.

Mayek-Perez, N., Lopez-Castan, C. and Gonzalez-Chavira, M.,
Variability of Mexican isolates of Macrophomina phaseolina
based on pathogenesis and AFLP genotype. Physiol. Mol. Plant
Pathol., 2011, 59, 257-264.

Singh, S. K., Sharma, V. P., Sharma, S. R., Kumar, S. and Tiwari,
M., Molecular characterization of Trichoderma taxa causing green
mould disease in edible mushrooms. Curr. Sci., 2006, 90(3), 427—
431.

Aghakhani, M. and Dubey, S. C., Determination of genetic diver-
sity among Indian isolates of Rizoctonia bataticola causing dry
root rot of chickpea. Antonie van Leeuwenhoek, 2009, 96, 607—
619.

. Alvarez, 1. and Wendel, J, F., Ribosomal ITS sequences and plant

phylogenetic inference. Mol. Phylogenet. Evol., 2003, 29, 435—
455.

White, T. J., Bruns, T. and Taylor, J., Amplification and direct
sequencing of fungal ribosomal RNA genes for phylogenetics. In
PCR Protocols: A Guide to Methods and Applications (eds Innis,
M. A. et al.), Academic Press, San Diego, CA, USA, 1990, pp.
315-322.

. Gautam, R., Singh, S. K. and Sharma, V., Molecular diagnosis and

intraspecific genetic variability of root pathogens of arid legumes
in Western Rajasthan, India. Rev. Biol. Trop., 2016, 64(4), 1505—
1518.

Singh, S. K., Doshi, A., Pancholy, A. and Pathak, R., Biodiversity
in wood-decay macro-fungi associated with declining arid zone
trees of India as revealed by nuclear rDNA analysis. Eur. J. Plant
Pathol., 2013, 136, 373-382.

. Birren, B. and Lai, E., Pulsed Field Gel Electrophoresis: A Prac-

tical Guide, Academic Press, San Diego, USA, 1993, p. 253.

. Sambrook, J., Fritsch, E. F. and Maniatis, T., Molecular Cloning:

A Laboratory Manual, Cold Spring Harbor Laboratory Press, NY,
USA, 1989, 2nd edn.

. Gautam, R., Singh, S. K. and Sharma, V., RAPD and nuclear

rDNA ITS polymorphism within Macrophomina phaseolina iso-
lated from arid legumes of western Rajasthan. Proc. Natl. Acad.
Sci. India Sect. B, 2013, 84(1), 171-181.

. Page, R. D. M., Tree view: an application to display phylogenetic

on personal computers. Comput. Appl. Biol. Sci., 1996, 12, 357—
358.

. Klaubauf, S., Tharreau, D., Fournier, E., Groenewald, J. Z., Crous,

P. W. and de Vries, R. P., Molecular taxonomy of Magnaporthe
and Pyricularia species. In Translation for Genomics to Disease
Management, 6th International Rice Blast Conference, Jeju, South
Korea, 20-24 August 2013.

. Wilson, J. P. and, Gates, R. N., Forage yield losses in hybrid pearl

millet due to leaf blight caused primarily by Pyricularia grisea.
Phytopathology, 1993, 83, 739-743.

. Wilson, J. P. and Hanna, W. W., Effects of gene and cytoplasm

substitutions in pearl millet on leaf blight epidemics and infection
by Pyricularia grisea. Phytopathology, 1992, 82, 839—842.

. Chandra Nayaka, S. et al., Magnaporthe Blast of Pearl Millet in

India — Present Status and Future Prospects, All India Coordi-
nated Research Project on Pearl Millet (Indian Council of Agricul-
tural Research), Jodhpur, 2017, p. 51.

. Hanna, W. W. and Wells, H. D., Inheritance of pyricularia leaf

spot resistance in pearl millet. J. Hered., 1989, 80, 145-147.

. Thakur, R. P., Sharma, R. and Rao, V. P., Screening techniques

for pearl millet diseases. Information Bulletin No. 89, International

1693



RESEARCH COMMUNICATIONS

Crops Research Institute for the Semi-Arid Tropics (ICRISAT),
Patancheru, 2011, p. 56.

20. Wilson, J. P., Wells, H. D. and Burton, G. W., Inheritance of resis-
tance to Pyricularia grisea in pearl millet accessions from Burkino
Faso and inbred Tift 85DB. J. Hered., 1989, 80, 499-501.

21. Klaubauf, S., Tharreau, D., Fournier, E., Groenewald, J. Z., Crous,
P. W., Vries, R. P. de and Lebrun, M. H., Resolving the polyphy-
letic nature of Pyricularia (Pyriculariaceae). Stud. Mycol., 2014,
79, 85-120.

22. Zheng, H. et al., Comparative genomic analysis revealed rapid dif-
ferentiation in the pathogenicity-related gene repertoires between
Pyricularia oryzae and Pyricularia penniseti isolated from a Pen-
nisetum grass. BMC Genomics, 2018, 19, 927.

23. Ngugi, H. K., Julian, A. M., King, S. B. and Peacock, B. J., Epi-
demiology of sorghum anthracnose (Colletotrichum sublineolum)
and leaf blight (Exserohilum turcicum) in Kenya. Plant Pathol.,
2000, 49, 129-140.

24. Sutton, B. C., The Coelomycetes, Commonwealth Mycological
Institute, Kew, UK, 1980.

25. Thomas, M. D., Sissoko, I. and Sacco, M., Development of leaf
anthracnose and its effect on yield and grain weight of sorghum in
West Africa. Plant Dis., 1996, 80, 151-153.

26. Narayana, H. S. and Monga, A. K., Antagonism between sapro-
phytic and pathogenic species of Curvularia. Curr. Sci., 1980,
49(18), 713-714.

ACKNOWLEDGEMENT. We thank the Director, ICAR-Central Arid
Zone Research Institute, Jodhpur, for providing the necessary research
facilities and encouragement.

Received 17 March 2020; accepted 23 September 2020

doi: 10.18520/cs/v119/110/1690-1694

Fine roots dynamics and biomass of
Phyllanthus emblica-based
agroforestry system in Bundelkhand
region of Central India
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Fine roots are the most important contributors of eco-
system productivity in many terrestrial ecosystems.
However, its dynamics, biomass potential, production
and turnover rates of fine roots under different envi-
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ronments lack clarity. We have studied horizontal and
vertical distribution of fine root dynamics, including
length, density, biomass, production and turnover
rates in Phyllanthus emblica-based agroforestry sys-
tem in stressed environment of red soil patch of Bun-
delkhand region in Central India. Nearly, 63% of the
fine root length and its density are confined to 0-
45 cm soil depth. Fine root biomass significantly
varied across seasons with 70-80% of the biomass ob-
tained during autumn, followed by spring and sum-
mer seasons. The annual fine root production rates
were highest near the stem base up to 1.0 m distance
and the turnover rates varied from 1.63 yr™' (highest)
at 0.5 m distance to 1.03 yr™' (lowest) at 1.5 m distance
from the stem base. The fine root dynamics changed
highly across seasons, indicating more vigorous veget-
ative growth and nutrient release during monsoon
months. Thus, studies on fine root dynamics can
improve our understanding of overall system produc-
tivity and management under stressed environments.

Keywords: Agroforestry system, fine root biomass,
Phyllanthus emblica, turnover rates.

ROOTS per se and fine roots in particular act as an
integral part of the tree root ecosystem and play a crucial
role for better resource acquisition. This in turn improves
soil nutrients, organic matter, microbial niche develop-
ment through their decomposition and turnover. In the
improvement of soil health, roots provide carbon and
nutrients by rapid turnover, intercept leached nutrients
and recycle them to the surface'”. It was observed that in
five fruit trees and three forest tree species, nearly 80% of
fine roots were confined to 0—20 cm soil layer’. Fine root
biomass and productivity vary under different tree spac-
ings®, seasons in the year’, intercrops®, nutrient level’” and
soil depth®’. In agroforestry systems, variation in spatial
distribution of fine roots is crucial for competition and
maximizing the absorption of both soil moisture and
nutrients®. Thus, studies on fine roots are important in or-
der to decipher belowground competition of resources in
intercropped systems.

There are several reports on tree rooting pattern and
biomass in the literature’ ", but relatively few studies on
fine root length or biomass due to the effort involved in
its measurement'*'°. Alterations in fine root growth and
its architectural traits may reflect upon the availability of
soil resources'® and stand characteristics'”. Thus, the fine
roots proliferation within a stand may serve as a useful
indicator for assessing stand productivity in reclaimed
ecosystems'®. In terrestrial ecosystems, processes asso-
ciated with fine root dynamics such as production and
turnover are considered to be some of the main drivers of
bio-geochemical nutrient cycling and overall stand prod-
uctivity'?*'. Nevertheless, fine root turnover may largely
dictate, development of potentially long-term C storage
pools in the organic matter of mineral soils”*>*. Even

CURRENT SCIENCE, VOL. 119, NO. 10, 25 NOVEMBER 2020




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


