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EFFECT OF HIGH CALCIUM AND PHOSPHORUS ON THE GROWTH
AND DEVELOPMENT OF METOPOLOPHIUM DIRHODUM AND ITS

PARASITOID APHIDIUS RHOPALOSIPHI

Ata-ul-Mohsin*, Ehsan-ul-Haq** and Muhammad Naeemullah*

ABSTRACT: Glasshouse studies were conducted to ascertain the effects of
nutrient solutions of calcium and phosphorus on the growth and development of
rose grain aphid, Metopolophium dirhodum (Walker) and its parasitoid Aphidius
rhopalosiphi (De Steph.). High calcium and high phosphorus concentrations ap-
plied to a partially resistant wheat cultivar “Rapier” did not have a significant
effect on the growth and development of the aphid or its parasitoid. However, the
mean fecundity of the parasitoid was higher on plants with high phosphorus than
those treated with high calcium concentrations.

Key Words: Metopolophium dirhodum; Aphidius rhopalosiphi; Calcium; Phosphorus;
Development; Fecundity; Pakistan.

INTRODUCTION
It is well documented that cereal plant

growth is enhanced with increased appli-
cation of nitrogen. An adequate supply of
potassium and phosphorus increases the
hardiness of the plants, making them less
subject to lodging. Phosphorus is an essen-
tial component of living matter. Second to
nitrogen it is the most limiting element in
soils (Yoshida, 1981). It is one of the prime
examples of interactions with other ele-
ments especially the micronutrients
(Clark, 1982). Phosphorus deficiency inhib-
its protein metabolism which results into
soluble nitrogen (Eaton, 1952). This may
cause a decrease in sugars and auxins but
an increase in osmotic pressure and
plasma viscosity (Pirson, 1955). The effects
of these nutrients on aphids’ development
have been little investigated but available
evidence has shown an increased infesta-
tion by Myzus persicae and other aphid spe-
cies on plants that were given low or no
phosphorus.

Calcium is required in large amounts
by plants for cell division, cell elongation
and the detoxification of H+ ions and in-
creases in nitrogen availability (Burstrom,
1954; Pirson, 1955). It increases potassium
uptake by roots (Nielsen and Overstreet,
1955) but appears to have an antagonistic
effect on potassium and manganese ions

in enzymatic reactions (Kachmar and
Boyer, 1953). Calcium and magnesium con-
centration in plant shoots increased with
increased calcium and magnesium in soil
(Favaretto et al., 2008). Increasing soil cal-
cium level may increase NH4 concentra-
tion in soil solution (Fenn and Feagley,
1999) by competition for soil exchange sites,
and this can interfere with nutrient avail-
ability and plant growth (Stout et al., 2003;
Fenn and Feagley, 1999). EI-Tigani (1962)
reported that calcium deficient plants are
vulnerable to aphid attack. With calcium
deficiency, larger amount of manganese are
taken up by plants and manganese toxic-
ity may result. Effect on growth and devel-
opment of aphid by plant nutrition
(fertilisers or chemicals responsible for
natural resistance in plants), will in turn
affect the size and development of the para-
sitoid. Consequently, the effect of nutri-
tional stress at the first trophic level is
passed on to the tertiary trophic levels.

Various workers also reported positive
interactions on tritrophic levels involving
the partially resistant wheat cultivar ‘Ra-
pier’ fertilised with high nitrogen and po-
tassium nutrient solutions. Present work
aimed to investigate whether such an in-
teraction occurs when the “Rapier” is
fertilised with other nutrients such as high
calcium and phosphorus.
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MATERIALS AND METHODS
Seeds of the partially resistant wheat

cultivar ‘Rapier’ were sown in John Innes
No. 2 compost in 9 cm diam. plastic pots.
The nutrient solutions were prepared in
distilled water from stock solutions (based
on Hewitt, 1952) (Table 1). Ten days after
germination, when the seedlings were at
two leaf stage plants were thinned to four
per pot and 50 ml of nutrient solution was
applied to wheat plants once a week. All
the experiments were organised as a Com-
pletely Randomised Design.

The treatments were:
1) High Calcium: Low phosphorus

CaCl2 6H2O = 44.00 mll-l
NaH2 P04 2H20 = 5.00 mll-l

2) High Phosphorus: Low calcium
NaH2 P04 2H20 = 12.50 mll-1
CaCl2 6H2O = 5.00 mIl-1

All other salts and micronutrients re-
mained constant.

A culture of M. dirhodum was estab-
lished on the wheat cultivar Rapier inside
muslin cages (45cm x 45cm x 45 cm), con-
taining six pots. Two pots, containing the
oldest plants, were removed at weekly in-
tervals and replaced with younger ones.
The frequent replacement of pots of seed-

lings was done to avoid overcrowding. Care
was also taken to keep the stock cultures
of M. dirhodum free from other aphid spe-
cies, parasitoids and predators. To obtain
nymphs of uniform age, adult aphids were
taken from the culture, transferred to the
plants of the same treatment in a muslin
cage and allowed to reproduce, usually for
24 h. The newly born aphid nymphs were
then transferred to the experimental plants.

During these studies different biologi-
cal parameters of aphids were studied i.e.,
development times, fecundity and aphid
size.

Development Time
This was recorded by transfer of adult

aphids into clip cages attached to the leaves
of tested cultivars. After 24 h all the adults
except one nymph were removed, thus leav-
ing a single nymph in the clip cage. Clip
cages were supported by sticks throughout
the experiment. The remaining nymphs
(one per cage) on all the seedling were al-
lowed to grow on the plants until they had
matured and begun to reproduce.

Fecundity
Aphid fecundity was assessed by count-

ing the numbers of offspring born to an aphid
caged on the leaf. The newly born nymph
was released into a clip cage. When repro-
duction commenced, the clipped cages were
inspected daily. Nymphs produced in the
preceding 24h were counted and removed.
This practice was continued for the ten
days of reproduction (Wyatt and White,
1977). The position of the cages was
changed every three to four days to mini-
mize possible effects of plant damage on
fecundity (Dewar, 1977). Each clip cage with
one aphid individual was considered as one
replicate.

Determination of the intrinsic rate of
increase (rm) values from data were calcu-
lated using a computer programme
“Statspak” (van Emden 1993) based on
Birch’s (1948) equation and using an itera-
tive calculation procedure. The input val-
ues consisted of: number of aphids started
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Table 1. Stock and final nutrient solutions
used for feeding potted wheat cultivars
solutions based on Hewitt, 1952)
Compound Stock Final solution

solution (ml Stock
(g l-1) solution l-1)

(NH4)2S04 264.0 High 15.00
Low 0.00

KCl 149.0 High 10.00
Low 0.00

NaH2P04.2H2O 208.0 High 12.50
Low 5.00

MgS04.7H20 184.0 22.50
CaCI2.6H2O 182.6 High 44.00

Low 5.00
Fe(EDTA) 36.4 2.22
Micronutrients
MnS04.4H2O 11.20 2.22
CuS04.5H20 1.20 2.22
ZnS04.7H20 1.50 2.22
H3B03 0.18 2.22
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as nymphs; numbers of nymphs surviving
to reproduce; number of days over which
reproduction was measured (in this case
10 days); mean numbers of days from birth
to reproduction and daily fecundity.

Aphid Size
To determine aphid size, nymphs were

reared in clip cages. After the fecundity had
been assessed over 10 days, these aphids
were removed from the plants and pre-
served in 70 % ethyl alcohol. Aphids were
mounted on microscope slides and length
of one hind tibia length of each mounted
aphid was measured using a microscope
eyepiece graticule (Hohmann et aI., 1988)

The growth indicators of parasitoids
(development time, male and female pupal
period, male and female hind tibial length
and fecundity) reared on M. dirhodum
parasitised at five days old aphids were also
recorded. For this purpose newly emerged
aphid nymphs were collected from each
treatment and released on 20 days old
plants of the same treatments (350-400
nymphs per treatment). These treatments
(Plants having High Calcium: Low phospho-
rus and High Phosphorus: Low calcium)
were placed separately in muslin covered
cages. After five days of feeding on the
plants, 20 aphids were randomly selected
from each treatment and were preserved
in 70% ethyl alcohol. The length of one
hind tibia of each aphid was measured as
a check on the effect of the treatments.

Six pairs of 24 h old mated parasitoids
were introduced in each treatment cage for
48 h. When parasitized aphids became
mummified, the mummies were removed
and kept separately in glass vials. The to-

tal development time of 20 parasitoids from
egg to mature larvae (i.e., from oviposition
to mummification of the aphid) from each
treatment was recorded. Male and female
pupal period (days) were also recorded.
Adults emerged from the mummies from
each treatment were preserved separately
in 70% ethyl alcohol. The one hind tibia
length of 20 male and 20 female adult para-
sitoids were measured. The fecundity of
randomly collected 15 female adult parasi-
toids fed 24 h on 30% honey-water solution
immediately after killed in 70% ethyl alco-
hol was recorded in terms of the number of
mature eggs present in the ovaries.

The data were analysed by analysis of
variance as Completely Randomised with
20 replicates using a computer programme
“Statspak”(van Emden, 1993) and the
means were separated using Least Signifi-
cant Differences (Steel and Torrie, 1960)

RESULTS AND DISCUSSION
The analysis of variance of growth in-

dicators of aphids (development time, fecun-
dity, intrinsic rate of natural increase and
adult hind tibia length), revealed that there
were no significant effects due to high cal-
cium : low phosphorus or high phosphorus:
low calcium (Table 2).

However, the hind tibia length of five
days old aphid was significantly affected by
phosphorus and calcium treatments. A
greater hind tibia length (626.08 μm) was
observed on plants fertilised with high phos-
phorus than with high calcium (P < 0.05).
As with the aphids, the analysis of variance
of most of the growth indicators of the para-
sitoid (development time, pupal period and

METOPOLOPHIUM DIRHODUM AND ITS PARASITOID

Table 2. Growth parameters of adult M. dirhodum reared on ‘Rapier’ fertilized with
high calcium and high phosphorus
Growth indicators High High F-ratio
calcium phosphorus (1,27 df)
Development time (days) 10.61 a 10.56 a 0.025
Fecundity (number of nymphs 11.69 a 14.12 a 2.73
produced in 10 days)
rm 0.18 a 0.19 a 1.97
Hind tibia length (μm) 1259.20 a 1270.10 a 0.049
Means followed by the same letters do not differ significantly from one another at P < 0.05
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male and female hind tibia length) also
revealed no significant (P > 0.05) difference
between the treatments. However, the fe-
cundity of the parasitoid was higher (159.46
eggs per female) on plants fertilised with
high phosphorus than on plants fertilised
with high calcium (128.93 eggs) (P < 0.05),
consistent with the larger aphids on that
treatment (Table 3).

Ca and P were supplied in the form of
NaH2PO4.2H2O and CaCl2.6H2O.NaH2PO4.
2H2O was used as a source of P rather than
commercial phosphate fertilisers e.g.
single superphosphate or diammonium
phosphate. Laboratory grade chemical
CaCl2 6H2O was used as a source of elemen-
tal Ca rather using the gypsum (CaSO4.
5H2O), agricultural lime (CaCO3) or
Ca(NO3)2

It is evident from the results that high
levels of calcium or phosphorus in the par-
tially resistant host plant did not have a
significant effect on the growth and devel-
opment of aphids. However, five-day-old
aphids were significantly bigger when
reared on plants fertilised with high phos-
phorus as compared to those reared on
plants fertilised with high calcium. These
finding collaborate those of Barker and
Tauber (1951) and Broadbent (1954), who
reported the beneficial effect of high phos-
phorus fertilisation on aphids. Contrary to
this EI- Tigani (1962) showed increases in
the infestation of green peach aphid (M.
persicae) and other aphids on plants given

low or no phosphorus. Bonner (1951) found
that calcium deficient plants were vulner-
able to aphid (M. persicae) attack. The
growth and development indicators of the
parasitoid also indicated no significant ef-
fect of phosphorus or calcium on the devel-
opment time, pupal period and size of the
adult. However, the mean fecundity of the
parasitoid was higher in plants fertilised
with high phosphorus than with high cal-
cium This is due to the fact that the bigger
sized aphids produced bigger and more fe-
cund parasitoids.

LITERATURE CITED
Barker, J. S. and Tauber, O. E. 1951a. De-

velopment of green peach aphid as af-
fected by nutrient deficiencies in the
host, nasturtium J. Econ. Entomol.
44:125.

Barker, J. S. and Tauber, O. E. 1951 b. Fe-
cundity of and plant injury by the pea
aphid as influenced by nutritional
changes in the garden pea J. Econ
Entomol. 44:1010-1012.

Birch, L. C. 1948. The intrinsic rate of
natural increase of an insect popula-
tion. J. Anim. Ecol. 17:15 - 26.

Bonner, J. 1951. Plant biochemistry. Aca-
demic Press, New York. 537 p.

Broadbent, L. 1954. The different distribu-
tion of two Brassica viruses in the plant
and its influence on spread in the field.
Ann. Appl. Biol. 41:174-182.

Burstrom, H. 1954. Studies on growth and

ATA-UL-MOHSIN ET AL.
Table 3. Hind tibia length of adult M dirhodum and growth parameters of A.
rhopalosiphi reared on M. dirhodum parasitized at five day old aphids on ‘Rapier’
fertilized with high calcium and high phosphorus
Growth Indicators High High F-ratio

calcium phosphorus
Aphid
Hind tibia length(μm) 575.12 a 626.08 b 8.95
Parasitoid
Development time (days) 7.90 a 7.75 a 0.73
Male pupal period (days) 4.50 a 4.35 a 0.63
Female pupal period (days) 5.80 a 5.75 a 0.073
Male hind tibia length (μ m) 555.36 a 561.08 a 0.515
Female hind tibia length (μ m) 623.48 a 637.00 a 3.26
Fecundity 128.93 a 159.46 b 11.90
Means followed by the same letters do not differ significantly at P<0.05



66

METOPOLOPHIUM DIRHODUM AND ITS PARASITOID
metabolism of roots. X. Investigations of
the calcium effect. Physiologia
Plantarum, 7:332 - 342.

Clark, R. B. 1982. Plant response to min-
eral element toxicity and deficiency.
In: Christiansen, M.N. and Lewis, C. F.
(eds]. Breeding plants for less favourable
environments. John Wiley, New York.
p. 71-142.

Dewar, A. M. 1977. Assessment of meth-
ods for testing varietal resistance to
aphids in cereals. Ann. Appl. Biol.
87:183-190.

Eaton, S. V. 1952. Effects of phosphorus de-
ficiency on growth and metabolism of
black mustard. Bot. Gaz. 113:301-309.

El-Tigani, M. E. 1962. Der Einfluss der
Mineraldungung der Pflanzen auf
Entwicklung und Vermehrung von
Blattlausen. Wissenschaftiche Zeit-
schrifft Der Universitat Rostock, 11:
307-324.

Favaretto, N. Norton, L. D. Brouder, S. M.
and Joern, B. C. 2008. Gypsum amend-
ment and exchangeable calcium and
magnesium effects on plant nutrient ex-
traction. Soil Sci. 173(2) : 108-118.

Fenn, L. B. and Feagley, S. 1999. Review of
beneficial uses of Calcium and ammo-
nium salts for stimulating plant growth
and metabolite translocation. Commun.
Soil Sci. Plant Anal. 301: 2627-2641.

Hewitt, E. 1. 1952. Sand and water culture
methods used in the study of plant nu-
trition. Commonwealth Agricultural Bu-
reaux, Farnham Royal. 547 p.

Hohmann, C. L. Luck, R. F. and Oatman, E.
R. 1988. A comparison of longevity and
fecundity of adult Trichogramma platneri

(Hymenoptera Trichogrammatidae)
reared from eggs of the Cabbage looper
and the Angumouis grain moth, with
and without access to honey. J. Econ.
Entomol. 81: 1307 - 1312.

Kachmar, 1. F. and Boyer, P. D. 1953. Ki-
netic analysis of enzyme reactions II.
The potassium activation and calcium
inhibition of pyruvic phosphoferase. J.
Biol. Chem. 200: 669 - 682.

Nielsen, T. R. and Overstreet, R. A. 1955.
Study of the role of the hydrogen ion in
the mechanism of potassium absorption
by excised barley roots. Plant Physiol.
30:303 - 309.

Pirson, A. 1955. Functional aspects in min-
eral nutrition of green plants. Ann. Rev.
Pl. Physiol. 6:71-114.

Steel, R. G. and Torrie, 1. H. 1960. Prin-
ciples and Procedures of Statistics.
McGraw Hill, New York. p.107-109

Stout, W. L. Sharpley, A. N. and Weaver, S.
R. 2003. Effect of amending high phos-
phorus soils with flue-gas desulfuriza-
tion gypsum on plant uptake and soil
fractions of phosphorus. Nutr. Cycling
Agroecosyst. 67:21-29

van Emden, H. F. 1993. “STATSPAK”: A suit
of user-friendly programmes for biologi-
cal research. Version 7.00.

Wyatt, I. J. and White, P. F. 1977. Simple
estimation of intrinsic rates of aphids
and tetranychid mites. J. Appl. Ecol.
14:757-766.

Yoshida, S. 1981. Fundamentals of Rice
Crop Science. International Rice Re-
search Institute. Los Banos, Laguna,
Philippines. 269 p.



<<
  /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


