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Abstract

 

Four 

 

Cicadulina

 

 species [

 

Cicadulina

 

 

 

arachidis

 

 China, 

 

Cicadulina

 

 

 

dabrowskii

 

 Webb, 

 

Cicadulina

 

 

 

mbila

 

(Naude), and 

 

Cicadulina

 

 

 

storeyi

 

 China (Homoptera: Cicadellidae)] found during field surveys in
1997–1999 across five ecological zones in Nigeria were reared in screenhouses and females were used
in a study to compare their abilities to transmit Maize streak virus (Geminiviridae: genus 

 

Mastrevirus

 

)
from maize to maize using the susceptible variety Pool 16. The results showed that for both acquisition
access feeding periods (AAP) and inoculation access feeding periods (IAP), transmission efficiencies
decreased in the following order: 

 

C. storeyi

 

 >

 

 C. mbila

 

 >

 

 C. arachidis

 

 >

 

 C. dabrowskii

 

. The transmission
efficiencies of these vectors increased with longer feeding periods, as the means of susceptible test
plants that showed 

 

Mastrevirus

 

 symptoms for both acquisition and IAPs were higher for 24 and 48 h
than for 1 and 2 h for all four species studied. The epidemiological implications of these differences

 

in transmission abilities are discussed.

 

Introduction

 

Maize streak viruses of the genus 

 

Mastrevirus

 

 (MSV)
are transmitted in a persistent manner by several species
of leafhoppers in the genus 

 

Cicadulina

 

 (Homoptera:
Cicadellidae). A vector insect is able to retain and transmit
the virus throughout its lifespan. There are 22 species of

 

Cicadulina

 

, 18 of which occur in Africa (Webb, 1987). Of these,
nine have been reported to be vectors of MSV: 

 

Cicadulina
arachidis

 

 China, 

 

Cicadulina bipunctata

 

 (= 

 

bipunctella

 

)
(Melichar), 

 

Cicadulina ghaurii

 

 Dabrowski, 

 

Cicadulina
latens

 

 Fennah, 

 

Cicadulina mbila

 

 (Naude), 

 

Cicadulina niger

 

China, 

 

Cicadulina parazeae

 

 Ghauri, 

 

Cicadulina similis

 

 China,
and 

 

Cicadulina storeyi

 

 (

 

= triangula

 

) China (Storey, 1925,
1936; Fennah, 1959; Rose, 1962; Dabrowski, 1985, 1987;
Okoth & Dabrowski, 1987; Webb, 1987; Okoth et al., 1988;
Reynaud, 1988; Efron et al., 1989; Thottappilly et al., 1993;
Birgirwa et al., 1995). The minimum latent period in

 

C. mbila

 

 is 6–12 h (Storey, 1925, 1928). The minimum latent
period in 

 

C. storeyi

 

 (reported as 

 

C. triangula

 

) is 14–18 h and

a median latent period (LP50) is 16–20 h (Okoth et al.,
1988). Asanzi (1991) reported LP50 values of 14–24 h and
12–14 h for 

 

C. arachidis

 

 and 

 

C. ghaurii

 

, respectively. Storey
(1925, 1938) demonstrated that 

 

C. mbila

 

 can acquire MSV
from infected plants within 15 s and transmit it in 5 min.
Zagre (1983) found a minimum acquisition access period
(AAP) of 30 s and transmission after a 2-h inoculation
access period (IAP) for 

 

C. storeyi

 

. Asanzi (1991) found
minimum AAPs of 15 min and 1 h for 

 

C. arachidis

 

 and

 

C. ghaurii

 

, respectively, and a minimum IAP of 1 h for
both species. Generally, the transmission efficiencies of

 

Cicadulina

 

 species increase with increasing duration of
acquisition and inoculation feeding.

Storey (1932) showed that 

 

C. mbila

 

 populations are
composed of active and inactive vectors. Other species
have also been reported to vary in their ability to transmit
MSV. Earlier reports from Nigeria indicated that populations
of 

 

C. mbila

 

 and 

 

C. storeyi

 

 have more active transmitting
individuals than those of 

 

C. ghaurii

 

 and

 

 C. arachidis

 

 (Okoth
et al., 1988; Effron et al., 1989; Asanzi et al., 1995). In all
species, the percentage of active transmitters among females
was 2–3 times higher than among males. It was also
demonstrated that the percentage of active transmitters
could be increased in the population through selection.
Factors affecting the epidemiology of MSV disease in a
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given region include the population density of the vectors
and their species composition. To compare the transmission
efficiencies of four vector species that were prevalent
in Nigeria, this study was undertaken to ascertain the
epidemiological significance of their natural populations.

 

Materials and methods

 

Field surveys were undertaken in 1997–1999 across five
ecological zones in Nigeria to collect 

 

Cicadulina

 

 leafhoppers.
Natural populations of 

 

C. arachidis

 

, 

 

Cicadulina dabrowskii

 

,
and

 

 C. mbila

 

 were reared in insect-proof cages inside
screenhouses at the International Institute of Tropical
Agriculture (IITA), Ibadan, Nigeria. An IITA population
of 

 

C. storeyi

 

 that has been reared for several years and used
for artificial inoculation of MSV in breeders’ trials was
used as the fourth test species. The procedure of Mesfin
et al. (1992) was followed for the transmission studies.
Only female individuals were used in the transmission
studies.

 

Acquisition access feeding

 

Leafhoppers that had not fed before on MSV-infected
plants were confined within polyvinylchloride (PVC) tubes
on symptomatic maize plants or excised leaves for a given
period to acquire the virus while feeding. This period was
designated the AAP. To ensure that leafhoppers being
used for transmission had not already acquired MSV, the
following negative check experiment was carried out. The
insects were caged for 24 h on healthy maize seedlings (10–
14 days old) prior to acquisition access feeding. After the
insects were removed, the maize seedlings were protected
from other insects by adding 0.1 g of granular insecticide,
Furadan® (active ingredient carbofuran; FMC Corporation,
Philadelphia, PA, USA) at the leaf whorls and plant base.
The maize seedlings were thereafter kept in wooden cages
in the screenhouse. The seedlings were observed for symptom
developments for 2 weeks. If the seedlings showed streak
symptoms, the leafhoppers were regarded to have been in
contact with MSV-infected plants and were not used for
subsequent experiments. Transmission experiments for
which such leafhoppers had been used were consequently
disregarded and repeated.

Groups of 100 non-viruliferous 

 

C. arachidis

 

, 

 

C. dabrowskii

 

,

 

C. mbila

 

, and

 

 C. storeyi

 

 were confined on MSV-infected
maize seedlings for 1, 2, 24, and 48 h to acquire MSV while
feeding. Female insects were then transferred singly with
an aspirator to healthy maize seedlings for a uniform IAP of
48 h. Seven- to 10-day-old seedlings of the MSV-susceptible,
open-pollinated maize variety Pool 16 were used as test
plants. Twenty insects were used for each AAP and the
experiments were replicated four times (over time).

 

Inoculation access feeding

 

Female leafhoppers that had fed on MSV-infected plants
were confined within PVC tubes on healthy seedlings of
test plants for a given period to inoculate the test plant with
the virus while feeding. This period was designated the IAP.

Groups of 100 non-viruliferous 

 

C. arachidis

 

, 

 

C. dabrowskii

 

,

 

C. mbila

 

, and

 

 C. storeyi

 

 were confined on MSV-infected maize
seedlings for 48 h to acquire MSV while feeding. Females
were then transferred singly with an aspirator to healthy maize
seedlings for 1, 2, 24, and 48 h IAPs. Seven- to 10-day-old
seedlings of the MSV-susceptible, open-pollinated maize
variety Pool 16 were used as test plants. Twenty insects were
used for each IAP and experiments were replicated four times.

 

Statistical analysis

 

The data obtained were log transformed and a general linear
model (GLM) analysis of variance was used to analyse the
data using SAS software version 6.12 (SAS, 1999). Student-
Newman-Keuls (SNK) was used as the post hoc multiple
comparison test.

 

Results

 

The four 

 

Cicadulina

 

 species tested differed significantly in
their MSV-transmission ability (GLM: P = 0.0001; Table 1).
Transmission efficiency varied significantly between AAPs
(GLM: P = 0.0001; Table 1). Transmission efficiency differed
significantly between the four values of AAP tested. There
was a significant interaction between AAP and species.
Likewise, the four species differed significantly (GLM:
P = 0.0001; Table 2) in their MSV-transmission ability and
different IAPs resulted in different transmission efficiencies
(GLM: P = 0.0001; Table 2).

Source d.f. Sum of squares Mean square F-value P-value

Replicates 3 0.137 0.046 1.81 0.1596
Treatments 3 3.327 1.109 43.98 0.0001
Species 3 9.267 3.089 122.50 0.0001
Treatments*species 9 3.270 0.363 14.41 0.0001
Error 45 1.135 0.025

Table 1 General linear model (GLM) of 
Mastrevirus (MSV) transmission abilities 
of four Cicadulina species, given four 
acquisition access feeding periods (AAP) 
and a 48-h inoculation access feeding 
period (IAP), and replicated four times 
(20 adults per treatment)
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Pooled over the four vector species, the mean number
of plants that were infected with MSV during the 24- and
48-h AAPs were not significantly different from each other,
but were different from the results obtained during the 1-
or 2-h AAPs (Table 3). The mean number of plants that
showed MSV symptoms during 1- and 2-h IAPs were
not significantly different from each other, but were
different from the results obtained during 24 or 48 h
IAPs. There was also a significant difference between the
results of 24 and 48 h inoculation access feeding durations
(Table 4).

The mean numbers of maize plants that showed MSV
symptoms for the four 

 

Cicadulina

 

 species are presented
in Table 5. The results for AAP and IAP show decreasing
transmission efficiency in the following order: 

 

C. storeyi

 

 >

 

C. mbila

 

 > 

 

C. arachidis

 

 > 

 

C. dabrowskii.

 

 The transmission
efficiencies increased with longer feeding duration as the
mean number of susceptible test plants that showed MSV
symptoms for both AAPs and IAPs were higher for 24 and
48 h than 1 and 2 h for each of the four species.

 

Discussion

 

All four 

 

Cicadulina

 

 species studied were able to transmit
MSV. This is the first report that adds 

 

C

 

. 

 

dabrowskii

 

 to the
list of MSV vectors in Nigeria and throughout Africa. Our
results show that confining the vectors for 48 h acquisition
feeding would not significantly increase their efficiency
compared to 24 h (Table 3). However, there were significant
differences when the vectors were confined for 1, 2, or 24 h
(Table 3). This indicates that more virus particles are being
acquired with longer feeding times. Boulton & Markham
(1986) showed that the concentration of maize streak virus
acquired by 

 

C. mbila

 

 increases with AAP. A longer AAP
would also result in higher vectoring efficiency because
it would surpass virus latency within the vectors. Previous
workers have reported the latent periods of different

 

Cicadulina

 

 species to range between 6 and 24 h (Storey,
1925, 1928; Okoth et al., 1988; Asanzi, 1991). These reports
show that a longer AAP would not only imply more virus
acquisition but more time for replication of the virus
within the vector to become available for transmission, as
MSV is transmitted in a persistent manner.

Source d.f. Sum of squares Mean square F-value P-value

Replicates 3 0.271 0.090 2.42 0.0788
Treatments 3 4.591 1.530 40.87 0.0001
Species 3 3.512 1.171 31.227 0.0001
Treatments*species 9 0.615 0.068 1.82 0.0900
Error 45 1.685 0.037

Table 2 General linear model (GLM) on 
the Mastrevirus (MSV) transmission 
abilities of four Cicadulina species, given 
four inoculation access feeding periods 
(IAP) and a 48-h acquisition access feeding 
period (AAP), and replicated four times 
(20 adults per treatment)

Table 3 Mean number out of 20 maize test plants that showed 
Mastrevirus (MSV) symptoms when females of four Cicadulina 
species were given varied acquisition access feeding periods 
(AAP) and a 48-h inoculation access period

Acquisition access period (h) Log (mean)1

48 0.682a
24 0.690a

2 0.358b
1 0.151c

1Means followed by the same letter are not significantly different 
at P<0.05 (Student-Newman-Keuls test).

Table 4 Mean number out of 20 maize test plants that showed 
Mastrevirus (MSV) symptoms when females of four Cicadulina 
species were given a 48-h acquisition access period and varied 
inoculation access feeding periods (IAP)

Inoculation access period (h) Log (mean)1

48 1.008a
24 0.819b

2 0.411c
1 0.380c

1Means followed by the same letter are not significantly different 
at P<0.05 (Student-Newman-Keuls test).

Table 5 Mean number out of 20 maize test plants that showed 
Mastrevirus (MSV) symptoms when females of four Cicadulina 
species were given varied acquisition (AAP) and inoculation 
access feeding (IAP) periods

Species

Log (mean)1

AAP IAP

Cicadulina storeyi 0.869a 1.002a
Cicadulina mbila 0.722b 0.736b
Cicadulina arachidis 0.413c 0.449c
Cicadulina dabrowskii –0.124d 0.431c

1Means followed by the same letter within a column are not 
significantly different at P<0.05 (Student-Newman-Keuls test).
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Our results also show that the vectors were better able
to infect a susceptible host plant when confined on it for
longer periods (Table 4). Short inoculation access feeding
of 1 or 2 h gave significantly lower transmission of MSV
compared to 24 h, while 48 h was also significantly higher
than 24 h. For transmission of a virus by leafhoppers after
they have acquired it from infected plants to be successful,
the virus must pass through some parts of the alimentary
tracts into the haemolymph, reach the salivary glands, and
then be injected into healthy plants with the salivary secretions
while the insects feed (Sinha, 1969). With longer feeding
time, a viruliferous 

 

Cicadulina

 

 would achieve more success
in inoculating a healthy host with MSV.

This study further shows significant differences in the
transmission abilities of the vectors. The results for both
AAPs and IAPs showed that 

 

C. storeyi

 

 was the most efficient
vector (Table 5), whereas 

 

C. storeyi

 

 and 

 

C. mbila

 

 were more
efficient in transmitting MSV than 

 

C

 

. 

 

arachidis

 

 and 

 

C

 

.

 

dabrowskii

 

. MSV-transmission efficiency studies carried
out by Asanzi et al. (1995) showed 

 

C. mbila

 

, 

 

C. storeyi

 

, and

 

C. ghaurii

 

 to be equally efficient while 

 

C. arachidis was
reported as inefficient. This study confirms the latter in
that C. arachidis is a poor vector of MSV. One possible
explanation for the differences in transmission abilities of
these vectors might be in their feeding/probing activities
while on the host plants. This will be the subject of a separate
article (S Oluwafemi, unpubl.).

The transmission efficiencies of the four vectors increased
with longer feeding time (Figures 1 and 2). This is in
agreement with a previous report by Asanzi et al. (1995)
that transmission efficiency generally increased with longer
duration of inoculation feeding and in some instances
increased also with longer acquisition access feeding. The
four vectors followed this rule with respect to IAP (Figure 2).
More work will be done in the future on the two poor vectors
(C. arachidis and C. dabrowskii) especially on C. arachidis

Figure 1 Mean number out of 20 test plants 
that showed Mastrevirus (MSV) symptoms 
when females of four Cicadulina species 
were given variable virus acquisition access 
periods (1, 2, 24, and 48 h) and a 48-h 
inoculation access period.

Figure 2 Mean number of plants that 
showed Mastrevirus (MSV) symptoms 
when females of four Cicadulina species 
were given variable virus inoculation access 
periods (1, 2, 24, and 48 h) and a 48-h 
acquisition access period.
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because of the significant difference between the 24- and
48-h AAP (Figure 1).

Maize streak virus epidemics are likely to occur in years
during which weather conditions allow vector survival and
population build-up and in locations where maize-competent
strains of the virus are present in grass hosts (Bosque-Perez
& Buddenhagen, 1999). The present study underscores
the importance of the vectors’ species composition in the
epidemiology of MSV. Field surveys show that although
C. mbila is the most prevalent species, it was usually found
in association with other species. In some locations, other
species were more abundant than C. mbila (S Oluwafemi,
unpubl.). A location with higher abundance of vectors
with poor transmission abilities would be more suitable
for maize cultivation than those where C. storeyi and C.
mbila are prevalent. This probably explains previous
findings that there is not necessarily a direct relationship
between incidence of MSV disease in maize and density of
leafhoppers (Reynaud, 1988).

Acknowledgements

The research was financed by IITA as part of a staff develop-
ment program of Sunday Oluwafemi for his PhD. We thank
Mr. B. O. Tayo for analysis of data. We also thank Dr. J. Hughes
for reviewing the manuscript.

References

Asanzi MC (1991) Studies of epidemiology of maize streak virus
and its Cicadulina leafhopper vectors in Nigeria. PhD Thesis,
The Ohio State University, Columbus, OH, USA.

Asanzi MC, Bosque-Perez NA, Nault CR, Gordon DT & Thottappilly
G (1995) Biology of Cicadulina species (Homoptera: Cicadellidae)
and transmission of maize streak virus. African Entomology 3:
173–179.

Birgirwa G, Gibson RW, Page WW, Hakiza JJ, Kyetere DT et al.
(1995) A new maize disorder in Uganda caused by Cicadulina
niger. Maize Research for Stress Environments (ed. by DC Jewell,
SR Waddington, JK Ransom & KV Pixley), pp. 202–204.
Proceedings of the 4th Eastern and Southern African Regional
Conference, Harare, Zimbabwe. CIMMYT, Mexico D.F.,
Mexico.

Bosque-Perez NA & Buddenhagen IW (1999) Biology of Cicadulina
leafhoppers and epidemiology of maize streak virus disease in
West Africa. South African Journal of Plant and Soil 16: 50–55.

Boulton MI & Markham PG (1986) The use of squash-blotting to
detect plant pathogens in insect vectors. Development and
Applications in Virus Testing (ed. by RAC Jones & L Toffane),
pp. 55–69. Association of Applied Biologists, Wellesbourne, UK.

Dabrowski ZT (1985) The biology and behaviour of Cicadulina
triangula in relation to maize streak virus resistance screening.
Insect Science and its Application 6: 417–424.

Dabrowski ZT (1987) Two new species of Cicadulina China
(Hemiptera: Euscelidae) from West Africa. Bulletin of
Entomological Research 77: 53–56.

Efron T, Kim SK, Fajemisin JM, Mareck JH, Tang CY et al. (1989)
Breeding for resistance to maize streak virus: a multidisciplinary
team approach. Plant Breeding 103: 1–36.

Fennah RG (1959) A new species of Cicadulina (Homoptera:
Cicadellidae) from East Africa. Annals and Magazine of Natural
History (Series 13) 2: 757–758.

Mesfin T, Bosque-Perez NA, Buddenhagen IW, Thottappilly G &
Olojede SO (1992) Studies of maize streak virus isolates from
grass and cereal hosts in Nigeria. Plant Disease 76: 789–795.

Okoth VAO & Dabrowski ZT (1987) Population density, species
composition and infectivity with maize streak virus (MSV)
of Cicadulina spp. leafhoppers in some ecological zones in
Nigeria. Acta Oecologica Oecologica Applicata 8: 191–200.

Okoth VAO, Dabrowski ZT, Thottappilly G & Van Emden HF
(1988) Comparative analysis of some parameters affecting
maize streak virus (MSV) transmission by various Cicadulina
spp. populations. Insect Science and its Application 8: 295–300.

Reynaud B (1988) Transmission des Virus de la Striure, du Stripe
et de la Mosaique du Mais par Leurs Vecteurs. Approches
Biologique, Génétique et Epidémiologique de la Relation
Vecteur-Virus-Plante. PhD thesis, Université des Sciences et
Techniques du Languedoc, Montpellier, France.

Rose DJW (1962) Insect vectors of maize streak. Zoological Soci-
ety of South Africa News Bulletin 3: 11.

SAS (1999) Statistical Analysis System, version 8.2. SAS Institute
Inc, Cary, NC, USA.

Sinha RC (1969) Localization of viruses in vectors: serology and
infectivity tests. Viruses, vectors and vegetation (ed. by K Mar-
amorosch), pp. 379–391. Wiley Interscience, New York, USA.

Storey HH (1925) The transmission of streak virus of maize by
the leafhopper Balclutha mbila Naude. Annals of Applied
Biology 12: 422–439.

Storey HH (1928) Transmission studies of maize streak disease.
Annals of Applied Biology 15: 429–436.

Storey HH (1932) The inheritance by an insect vector of the ability
to transmit a plant virus. Proceedings of the Royal Society of
London (Series B) 112: 46–60.

Storey HH (1936) Report of the plant pathologist. Virus diseases
of plants. East African Agricultural Research Station, Amant,
Egypt. Annual Report 8: 11–14.

Storey HH (1938) Investigation of the mechanisms of the trans-
mission of plant viruses by insect vectors II. The part played by
puncture in transmission. Proceedings of the Royal Society of
London (Series B) 125: 455–477.

Thottappilly G, Bosque-Perez NA & Rossel HW (1993) Viruses
and virus diseases of maize in tropical Africa. Plant Pathology
42: 494–509.

Webb MD (1987) Species recognition of Cicadulina leafhoppers
(Hemiptera: Cicadellidae): vectors of pathogens of Gramineae.
Bulletin of Entomological Research 77: 683–712.

Zagre MB (1983) Studies on maize streak virus and its transmission
characteristics by the leafhopper vector Cicadulina tringula.
Master’s thesis, Université Nationale du Benin, Cotonou, Benin.



<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 120
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 120
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.00000
  /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 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 /Unknown

  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


