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Soil moisture affects many parameters that are of interest
to agricultural production, forest management, soil
conservation, and watershed management and modeling. It
changes in a wide range throughout the year, it either varies
with different soil types. This paper deals with changes in
bulk density and porosity with the change in soil water
content of three Mollic agricultural used soils from different
sites of western Slovakia. For the purpose of this study the
intact soil aggregates from surface horizon were used, for as
much as the hydraulic properties of aggregates differ from
the bulk material consisting of these aggregates and there is
still a lack of information concerning the behaviour of soil
aggregates when subjected to the actions of water. The
obtained results confirmed the aggregate bulk density increase
(from 1.75 to 1.93 g/cm3 in mogmVRpe, from 1.46 to 1.83
g/cm3 in haCH, from 1.52 to 1.82 g/cm3 in ccmoFL) and
aggregate porosity decrease with the decrease of water
content, although the magnitude of change differed between
particular soils.

The hydrologic cycle’s interaction with the Earth’s land
surface occurs within a thin reservoir that stores and distributes
water that falls on the surface in the form of rain or melting
snow. This reservoir is commonly referred to as soil moisture
(Engman 1997). Soil moisture affects the wide range of soil
properties and processes, it is known to affect land-atmosphere
interactions at multiple temporal and spatial scales (Buck
and Brunsell 2008). Surface soil moisture affects the diurnal
change of surface temperature (Zhang et al. 2007), near-
surface wind speeds, and near-surface pollutant concentrations
(Jacobson 1999). It also governs the intensity of
evapotranspiration and rainfall runoff volume. Hohenegger
et al. (2009) claims that soil moisture anomalies can even
affect subsequent precipitation. The amount of water
accumulated in the soil profile in the zone of aeration directly
impacts the vegetation layer on the soil surface (Šútor et al.

2002) responsible for many important processes, including
photosynthesis and crop production. Water in soil may alter
several mechanical and physical soil properties, such as soil
consistency, plasticity, compactibility (Hillel 1998), bulk
density, porosity, wettability, infiltration rates, and diversity
and activity of soil organisms.

Soil bulk density is defined as the ratio of the mass of
dry solids to the bulk volume of the soil (Blake and Hartge
1986). The bulk volume includes both the volumes of the
solid phase and the pore space. Soil aggregate properties are
usually different from bulk soil properties (Horn 1990, Santos
et al. 1997). However, most of the research focuses mainly
on the role played by the soil matrix. Also, studies often use
aggregate measurements as surrogates of the complex soil
matrix (Six et al. 2004). Besides the size, aggregate density
is identified as one of the most important properties of soil
aggregates. It is used to estimate inter-aggregate porosity.
The objective of this study is to quantify the effect of the
change in aggregate water content on its bulk density in three
Mollic agricultural used soils from different sites with respect
to aggregate porosity. Soils that belong to group of Mollic
soils in the Slovak classification system (SPS 2000) are
classified as Vertisols, Chernozems and Mollic Fluvisols
(WRB 2006), and the latter two are considered the best soils
for agriculture suitable for growing highly demanding crops.

The sampling was conducted on well-aggregated
agricultural soils at three different experimental sites (Fig 1)
from 14 October to 16 October 2008. Mollic grumic Vertisol
(pellic) (mogmVRpe) was taken from the site of Gbely (N
48°44´46.1´´, E 17°08´41.2´´), haplic Chernozem (haCH)
was collected about 60 km in a bee-line southeast in Voderady
(N 48°17´03.0´´, E 17°33´10.9´´), and calcic Mollic Fluvisol
(ccmoFL) in the southern area near the Hungarian border, in
Gabèíkovo (N 47°54´23.3´´, E 17°35´26.1´´). After removing
an upper (5cm) layer from the surface, all samples were
taken from the depth of 5–15cm. Undisturbed core samples
were taken (by driving a metal corer with a volume of 100
cm3 into the soil at the desired depth of A-horizon) for a
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Fig 1 Location map of western Slovakia study area and associated
soil pits

numerical expression of the mass-to-volume relationship. In
order to study soil free of channels and large pores between
aggregates, intact macroaggregates of 0.5–2.5cm size were
separated. So as to determine aggregate bulk density and
porosity at different moisture levels, aggregates of each soil
type were divided into five sets. First set contained soil
aggregates held at initial moisture content, second set
consisted of aggregates left to dry at room temperature (22.5
± 2.5°C) to the moisture content of 10% and aggregates from
the third set were air-dried for one week to remove most of
the aggregate water. The two remaining sets were exposed to
temperature of 50°C for 24 and 7 × 24 hours. The temperature
and time of exposure were chosen to simulate conditions that

normally occur in nature. Although the daily range of soil
surface temperature is approximately the same as that of the
air temperature (Penman and Keen 1943), 50°C is warmth
the bare soil can reach in the summer, in which the soil
surface temperature exceeds that of the air for a considerable
part of the day. For each soil type, more than 100 aggregates
were collected and analyzed for moisture content and bulk
density.

For the purposes of analyses of selected physical and
chemical properties (particle size analysis, soil pH, CaCO3,
soil organic carbon (SOC) and soil organic matter (SOM)
content, and particle density), a portion of soil aggregates of
each soil type was air-dried, milled, sieved through a 2-mm
mesh, removed from gravel and large plant debris and thus
prepared for the analyses.

The time-series measurements of water amounts in the
soil profile are not easy to realize in most cases, many times
it is not possible or the procedures are far too time-consuming
and technically demanding (Igaz et al. 2007). For these
reasons, field and residual water contents of soils were
determined gravimetrically (mean of 10 values for every
examined moisture level of each soil type). Soil textural
composition was determined by mechanical analysis (by
Novak´s pipette method) (Fiala et al. 1999); contents of sand
(2–0.05 mm), silt (0.05–0.002 mm) and clay (<0.002 mm)
fractions were measured and results were classified according
to USDA-FAO texture triangle (FAO, 2006). Soil pH was
measured potentiometrically in deionized water with a
soil:solution ratio of 1:2.5; CaCO3 content using a Janko´s
calcimeter (Fiala et al. 1999), SOC content by rapid oxidation
of organic carbon with KCr2O7 – H2SO4 and titration of non-
reduced dichromate (Walkley and Black 1934), SOM content
through its TGA-DTA curves. Bulk density of individual
clods (not including interclod cavities) was calculated from
their mass and volume. The volume was determined by
weighing the clod in air, coating the clod with paraffin wax
melted at 60–70°C and by reweighing it first in air, then
again while immersed in water, making use of Archimedes’
principle (Blake 1965). Determination of bulk density of
core samples involved the removal of a volume of soil which
was dried for 24 hours in an oven (105°C) and weighed. The
dry weight of the soil divided by its volume yields bulk
density in g/cm3 (Fiala et al. 1999). The volumes of capillary,
semicapillary and non-capillary pores were computed from
the parameters including porosity, 30 min. moisture and soil
water retention capacity (Fiala et al. 1999). Particle density
was determined by the pycnometer method (Hraško et al.
1962). Total porosity f of a soil sample was derived
mathematically from bulk density ρb and particle density ρp
measurements, using the equation:

1 100b

p

f
⎛ ⎞ρ= −⎜ ⎟⎜ ⎟ρ⎝ ⎠

(Eq. 1)
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Table 1 Selected physical and chemical properties of studied soils

Soil type

Physical and chemical mo gm VR ha CH cc mo
properties  pe  FL

2–0.05 mm (%) 3.7 4.6 4.4
0.05–0.002 mm (%) 30.3 63.4 54.6
< 0.002 mm (%) 66.0 32.0 41.0
SOC (%)* 1.18 1.21 2.32
SOM (%) 7.7 4.6 6.0
CaCO3 content (%)** 0 0.26 23.5
pH/H2O 5.75 7.30 7.77
Particle density (g/cm3)* 2.64 2.67 2.77
Weight of studied 0.816–5.820 0.300–4.407 0.335–5.476

aggregates (g)

* mean of three values, ** mean of two values, SOC: soil organic
carbon, SOM: soil organic matter

Table 2 Differences between bulk density and porosity of air-dried
single aggregates and soil mass

Soil type

Physical and chemical mo gm VR ha CH cc mo
properties  pe  FL

Bulk density of soil 1.91 1.71 1.82
aggregates (g/cm3)
Bulk density of soil 1.28 1.44 1.09
mass (g/cm3)*
Aggregate porosity (%) 28 36 34
Soil mass porosity (%)* 50 46 59
Soil capillary pores (%)* 44 36 35
Soil semi-capillary pores (%)* 2 4 4
Soil non-capillary pores (%)* 4 6 20

*Data obtained by Fulajtár et al. (2008a, b)

Fig 2 Relationship between bulk density and moisture in aggregates
of three mollic soils

Measured characteristics of studied soils are given in
Tables 1, 2, 3.

The weight of aggregates taken out of the objects under
investigation was ranging between 0.3 and 5.8g, whereby
haCH formed the aggregates of smallest size. The shape of
aggregates of studied soils was spherical to polyhedral. Soil
aggregates were subjected to bulk density (ρb) measurements
at five different moisture levels. Since moisture demonstrably
affects the value of ρb, during the whole experiment the
samples were treated in such a manner that loss or gain of
moisture was avoided. Sampling took place within narrow
time interval, when the weather was stable. The actual
moisture ranged from 17.4% (mo gm VR pe) to 22.6%
(ccmoFL). Likewise, after drying on air, the soils retained
different amounts of moisture. The highest retained water
content was observed in mogmVRpe (7.4%); the cause could
be in high content of clay and organic matter, as well as in the
highest volume of capillary pores. Capillary pores are
responsible for water retention at low soil moisture. This soil
also showed the highest moisture contents after oven-drying
at 50°C for 24 and 7 × 24 hours.

Besides water content, the ρb of soil depends greatly on
the mineral make up of soil and the degree of compaction.
The density of quartz, the most abundant type of soil mineral,
is around 2.65 g/cm3 (Richardson et al. 2002) but the ρb of
a mineral soil is normally about half that density, between
1.0 and 1.6 g/cm3. Nevertheless, ρb of individual soil peds is
higher than the density of soil mass, for as much as ρb
determined with the core method includes the effect of both
the intra- and inter-aggregate pore spaces (Table 2). The bulk
densities of aggregates are greater where aggregate porosities
are less (Table 3).

ρb was determined for each followed moisture level
separately. In all samples, ρb showed an increasing tendency
with decreasing moisture content, although in case of ccmoFL,

drying on 50°C had no effect on further change in ρb value
(Fig 2). When air-dried, haCH was the soil having the lowest
ρb value (1.71g/cm3), whereas mogmVRpe soil with the
highest ρb value (1.91 g/cm3). Soils that are loose, porous,
and/or having higher portion of coarser particles have lower
ρb than soils that are fine-textured and/or compacted. To
objectively compare bulk densities of investigated soils, soil
moisture content of all samples was adjusted to the same
value (10 ± 1%); under these conditions, haCH was still the
soil with the lowest and mogmVRpe the soil with the highest
value of ρb.

ρb of mo gm VR pe, ha CH and cc mo FL showed strong
negative linear correlation (r = – 0.938, – 0.985 and – 0.993,
respectively) with aggregate moisture, statistically significant
at the 0.05 level (P= 0.018, 0.002 and 0.0006, respectively).
However, according to ANOVA statistical analysis there was
no significant difference at P < 0.05 between the soil types
in conjunction with the observed experimental data presented
in Table 3.

Particle density (ρp) varies with the type of minerals
present in soil as well as the SOM amount. SOM is considered
to make the soil more resistant to compaction. SOM weighs
much less per unit volume than soil minerals and thus readily
influences ρp. Soils high in organic matter have lower ρp
than soils similar in texture that are low in organic matter. ρp
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Table 3. Comparison of changes in bulk density and porosity of aggregates of three Mollic soils with change in water content

Soil type

mo gm VR pe ha CH cc mo FL

Agg. W Agg. ρb Agg. F Agg. W Agg. ρb Agg. F Agg. W Agg. ρb Agg. F
(%) (g/cm3) (%) (%) (g/cm3) (%) (%) (g/cm3) (%)

17.4 • 1.75 33 19.4 • 1.46 45 22.6 • 1.52 45
10.8 º 1.88 29 10.8 º 1.60 40 10.4 º 1.72 38
7.4 ~ 1.91 28 3.6 ~ 1.71 36 2.4 ~ 1.82 34
2.2 � 1.93 27 0.9 � 1.81 32 0.9 � 1.82 34
1.8 � 1.93 27 0.9 � 1.83 31 0.8 � 1.82 34

w, Water content; ρb-bulk density; f-porosity; • actual aggregate water content measured immediately after sampling; º aggregate water content
of approx. 10%; ~ aggregate water content of air-dried samples; � aggregate water content after oven-drying at 50°C for 24 hr;
�aggregate water content after oven-drying at 50°C for 7 × 24 hr

for mogmVRpe was 2.64, for haCH 2.67 and for ccmoFL
2.77 g/cm3; for comparison, ρp of most mineral soils is in the
range of 2.6 to 2.7 g/cm3 (Hillel 1998). Whereas ρp is the soil
characteristic not dependent on soil moisture it was
determined only in air-dried samples.

Aggregate porosities were 22–43% higher than soil mass
porosities. Aggregate porosities were inferred from bulk and
particle densities of investigated soils for each followed
moisture level, according to Eq.1. The ρb of soil is inversely
related to the f of the same soil; the more pore space in a soil,
the lower the value for ρb. Thus, with a decrease in soil
moisture the value of f decreased as well. In air-dried
aggregates, it ranged from 28 (mogmVRpe) to 36% (haCH).
In ccmoFL the effect of drying temperature (50°C for 24 and
7 × 24 hr) was negligible in the degree of further pore size
change. Regarding the whole interval of values of f, haCH
showed the highest range of values (45–31%), whereas
mogmVRpe the lowest (33–27%). At the same time, these
two soils differed in textural composition most markedly.
Bulk density and thus porosity are of those physical attributes
that greatly influence important soil and plant processes like
water movement (Reichardt and Timm 2004), soil aeration
(Stepniewski et al. 1994), soil compaction (Logsdon and
Karlen 2004), and plant root system development (Boone
and Veen 1994).

Regarding other soil properties, soils differed also in
their texture, SOC, SOM and CaCO3 content, and soil pH
(Table 1) haCH and mogmVRpe were similar in SOC content,
ccmoFL contained more SOC (2.32%). haCH contained
0.26%, ccmoFL 24.5% of CaCO3, mogmVRpe was non-
carbonated. The reaction of soils was slightly acid
(mogmVRpe) and slightly alkaline (haCH, ccmoFL).
According to the USDA triangle (FAO 2006), mogmVRpe
was determined as clay soil, ccmoFL as silty clay and haCH
as silty clay loam.

SUMMARY

The obtained results confirmed the changes in bulk
density, and thus in porosity resulting from the change in soil

water content. The bulk density of aggregates of three Mollic
soils increased with decreasing content of water in samples,
although there were differences among particular soil types.
The aggregates of haCH showed a rather steady increase in
bulk density with decrease in moisture content, aggregate
bulk density of mogmVRpe remained unchanged after heating
at 50°C for 24 hr, heating to 50°C even after a prolonged
period had no effect on bulk density of ccmoFL clods.

REFERENCES

Blake G R. 1965. Bulk density. (in) Methods of Soil Analysis.
Journal of the American Society of Agronomy, pp 374–90.
Madison.

Blake G R and Hartge K H. 1986. Bulk density. (in) Methods of Soil
Analysis, Part I (2nd Edn), Agronomy Monograph. Vol. 9, pp
363–75. Klute A (Ed.). ASA and SSSA, Madison.

Buck T and Brunsell N A. 2008. Soil moisture controls on carbon
and water cycling. Ecological Forecasting Annual Symposium.
19 April 2008. Lawrence.

Boone F R and Veen D E. 1994. Mechanisms of crop responses to
soil compaction. (in) Soil Compaction in Crop Production, pp
237–64. Soane B D and Van Ouwerkerk C (Ed.). Elsevier, New
York.

Engman E T. 1997. Soil moisture, the hydrologic interface between
surface and ground waters. Remote sensing and geographic
information systems for design and operation of water resources
systems. Proceedings of Rabat Symposium S3. Publ. no 242:
129–140. IAHS. April 1997.

FAO. 2006. Guidelines for Soil Description, 4th edn. Food and
Agriculture Organization of the United Nations, Rome.

Fiala K, Kobza J, Matúšková J, Breèková V, Makovníková J,
Baranèíková G, Búrik V, Litavec T, Houšková B, Chromanièová
A, Váradiová D and Pechová B. 1999. Definite Methods of Soil
Analyses, Sub-monitoring System - Soil. 142 pp. Soil Science
and Conservation Research Institute, Bratislava.

Fulajtár E, Sobocká J, Skalský R, Dodok R and Saksa M. 2008a.
Excursion 1SVK - Soils of Danube lowland. (in) Excursion
Guideline Eurosoil 2008, 25–29 August. Vienna.

Fulajtár E, Sobocká J, Skalský R, Dodok R and Saksa M. 2008b.
Excursion 2SVK - Soils of Extreme Texture at Zahorska Lowland.
(in) Excursion Guideline Eurosoil 2008, 25–29 August. Vienna.

EFFECT OF MOISTURE ON PARTICULAR SOIL PROPERTIES

83



176 [Indian Journal of Agricultural Sciences 82 (2)

Hillel D. 1998. Environmental Soil Physics, 771 pp. Academic
Press, London.

Hohenegger C, Brockhaus P, Bretherton C S and Schär C. 2009.
The soil moisture-precipitation feedback in simulations with
explicit and parameterized convection. Journal of  Climate 22:
5003–20.

Horn R. 1990. Aggregate characterization as compared to soil bulk
properties. Soil & Tillage Research 17: 265–89.

Hraško J, Èervenka L, Facek Z, Komár J, Nìmeèek J, Pospíšil F and
Sirový V. 1962. Soil Analyses. 335 pp. Slovak Agricultural
Literature Publishing, Bratislava.

Igaz D, Tóthová I and Samuhel P. 2007. Evaluation of soil water
content by simulation models GLOBAL and DSSAT 4. (in)
Bioclimatology and Natural Hazards. International Scientific
Conference (Pol’ana nad Detvou, Slovakia), 17–20 September.
Technical University, Zvolen.

Jacobson M Z. 1999. Effects of soil moisture on temperatures,
winds, and pollutant concentrations in Los Angeles. Journal of
Applied Meteorology 38: 607–16.

Logsdon S D and Karlen D L. 2004. Bulk density as a soil quality
indicator during conversion to no-tillage. Soil & Tillage Research
78: 143–49.

Penman H L and Keen B A. 1943. Daily and seasonal changes in the
surface temperature of fallow soil at rothamsted. Quarterly
Journal of the Royal Meteorological Society 69: 1–13.

Reichardt K and Timm L C. 2004. Solo, Planta e Atmosfera:
Conceitos, Processos e Aplicações. 478 pp. Manole, Barueri.

Richardson J F, Harker J H and Backhurst J R. 2002. Coulson and

Richardson’s Chemical Engineering Vol. 2-Particle Technology
and Separation Processes, 5th edn. 1423 pp. Elsevier.

Santos D, Murphy S L S, Taubner H, Smuker A J M and Horn R.
1997. Uniform separation of concentric surface layers from soil
aggregates. Soil Science Society of America Journal 61: 720–4.

Six J, Bossuyt H, Degryze S and Denef K. 2004. A history of
research on the link between (micro)aggregates, soil biota, and
soil organic matter dynamics. Soil & Tillage Research 79: 7–31.

Societas Pedologica Slovaca. 2000. Morphogenetic Soil
Classification System of Slovakia. Basal Reference Taxonomy.
76 pp. Soil Science and Conservation Research Institute,
Bratislava.

Stepniewski W, Glinski J and Ball B C. 1994. Effects of compaction
on soil aeration properties. (in) Soil Compaction in Crop
Production, pp 167–9. Soane B D and Van Ouwerkerk C (Eds).
Elsevier, New York.

Šútor J, Štekauerová V and Majerèák J. 2002. Climate changes and
water regime of soil aeration zone in Slovakia lowlands. Acta
Hydrologica Slovaca 3: 145–54.

Walkley A and Black I A. 1934. An examination of the Degtjareff
method for determining soil O.M. and a proposed modification
of the chromic acid titration method. Soil Science 37: 29–38.

WRB (IUSS Working Group WRB). 2006. World Reference Base
for Soil Resources, 2nd edn. World Soil Resources Reports, 103.
128 pp. FAO, Rome.

Zhang X, Tang B, Jia Y Y and Li Z L. 2007. Estimation of bare
surface soil moisture using geostationary satellite data.
Proceeding of International Geoscience and Remote Sensing
Symposium, pp 1931–4. 23–28 July 2007. Barcelona.

LUCIA KO ENKOVÁ

84



<<
  /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


