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SUMMARY 

An important aspect of ensuring the sustainability of agriculture is the implementation of 
environmentally safe practices, in particular, the use of intercropping of agricultural crops 
and the use of non-traditional organic fertilizers in crop fertilization systems. The aim of the 
work was to study the impact of the use of biological products and mixed crops on the 
structural composition of the soil and soil density. Our research was carried out in an 
experiment in the Right-Bank Forest-Steppe of Ukraine on chernozem typical. In the 
experiment, mono-sowing of peas, barley and combined sowing of peas, barley and beans 
were compared, as well as 6 fertilizer options. It was established that the optimal soil 
density is formed when using compost and vermicompost separately and together with 
mineral fertilizers. Sowing a three-component mixture contributed to a decrease in the 
density of the composition of typical black soil compared to mono-sowing of barley and 
peas. The best structural state of the soil was noted when using compost where the structural 
coefficient was 6.68-6.70. Application of vermicompost improved the water resistance of 
soil aggregates. Thus, intercropping and the use of organic fertilizers significantly improve 
the agrophysical condition of typical chernozem. 
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Introduction 
Intercropping is an agricultural practice common in European countries, which is used to save land 
area, ensure profit in case of low yield of the main crop, control pests, reduce weediness, accumulate 
soil nutrients, etc. (Tilman, 2020). Sustainable agricultural production in the face of climate change 
requires a change in approaches through the implementation of environmentally friendly 
technologies (Tonkha et al., 2021; Tykhenko et al., 2024). The combination of legumes with cereals 
in intercropping is an important component of the greening of agricultural technologies, which 
ensures better use of land and resources and increases the stability of yields compared to 
monocultures (Xu et al., 2021; Wang et al., 2022). An effective means of reducing soil and 
environmental pollution is the replacement of synthetic mineral fertilizers with biological 
preparations. They have a positive effect on the humus content and nutrients (Khomenko et al., 
2023). One of the indicators of soil health is its agrophysical state, in particular the indicators of 
structural and aggregate composition. Understanding the processes of formation and the mechanism 
of stabilization of soil aggregates is of great importance for the study of soil development, in the 
regulation and management of organic carbon reserves in soils, as well as in promoting soil fertility 
(Zenghui Sun et al., 2023). Long-term intensive tillage significantly affects the soil structure on 
arable lands, which leads to higher values of lumpy aggregates compared to meadows and forests 
(Ciric V. et al., 2012), causes agrophysical degradation and a decrease in the content of soil organic 
matter (Tonkha et al., 2019). Intercropping promotes the formation of more stable soil aggregates 
and increases macroporosity and total porosity, supports soil functions such as aeration, water 
infiltration and retention, and nutrient availability (Seidel, E. P. et al., 2017). It has been found that at 
different soil depths, the bulk density of the soil in intercropping was significantly lower than in 
monoculture, and the soil water content and total porosity were higher. (Xu, Q., Xiong, K., Chi, Y., 
& Song, S., 2021). However, studies on the impact of intercropping on the physical properties of 
crops are controversial and require detailed study under specific soil and climatic conditions. 
The aim of research was to evaluate the effect of the same nitrogen rate (N50) in the form of 
mineral and organic fertilizers on the indicators of the structural and aggregate composition and soil 
density in combined crops of peas and barley and beans. 
Methods of research 
Field trial carried out in a stationary field experiment by the Department of Plant Science at a 
separate unit of the National University of Life and Environmental Sciences of Ukraine, 'Agronomic 
Research Station' located in Vasylkivskyi district, Kyiv region in the northeastern part of the Right-
Bank Forest-Steppe (49°46' N, 30°44' E). The soil of the experimental plot is chernozem typical. The 
humus content in the plow layer is 4.40–4.50%, pH - 7.5-7.8, cation exchange capacity is 31.7–32.2 
meq per 100g of soil. The field experiment was conducted at the scheme of a multifactorial field 
experiment with split-plot design. The size of the plot was 15 m², the, and the experiment was 
repeated three times. The experimental scheme: Т1 Control (without fertilizes), Т2 N50 - 
ammonium nitrate (34.4), Т3  N50 compost, Т4 N25 compost + N25 mineral fertilizers, Т5 N50 – 
vermicompost, Т6 N25 vermicompost + N25 mineral fertilizers.To assess the difference between 
the options, the Fisher's LSD-post hoc criterion (alpha = 0.05) was used. Soil samples were 
taken from soil layers 0-10, 10-20 and 20-30 cm in accordance with DSTU 4287, 
preparation for analysis and pre-treatment of soil samples subject to physicochemical 
analysis were carried out according to DSTU ISO 11464:2007. In soil samples, the density 
of the soil composition was determined by the cutting ring method, the structural and 
aggregate composition by dry sieving on a set of sieves with a hole diameter of 0.25; 0.5; 1; 
3; 5; 7 and 10 cm. Based on the results, the structural coefficient was calculated as the ratio 
of the content of aggregates 10-0.25 to the sum of aggregates less than 0.25 and more than 
10 mm. Wet sieving of the soil was also carried out to determine the content of water-
resistant aggregates. The STATISTICA 13.0 package (©TIBCO) was used for analysis of 
variance.  
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Results 
Figure 1 shows data on soil density at different depths after harvesting in different experimental 
variants. 

 
Figure 1 Soil density before harvest in typical black soil, g/cm3 (NIR 0.5: barley – 0.08; peas – 
0.08; barley + peas + beans - 0.09 g/cm3). 
 
On the basis of the study of the density of the soil structure, it was established that the use of N₅₀-
ammonium nitrate did not cause significant changes in the density of the soil in the 0-30 cm layer 
compared to the option without fertilizers. After harvesting, with the use of N₅₀-compost, the 
compaction density decreased in the 0-10, 10-20, and 20-30 cm layers by 22%, 24%, and 20%, 
respectively. On the option T4 N₂₅-compost + N₂₅ mineral fertilizer, slight differences in soil density 
were noted in the 0-20 cm layers, but in the 20-30 cm layer there was a significant decrease with a 
difference of 16%. In the 0-10 cm layer, the decrease was 16%, in the 10-20 cm layer – 14%, and in 
the 20-30 cm layer – 12%. With the use of N₅₀-vermicompost (T5), the decrease in soil density at the 
end of the season was 20-22% compared to the option without fertilizers. When using N₂₅-
vermicompost + N₂₅ mineral fertilizer (T6) after growing the mixture, the density decreased by 16% 
in the 0-10 cm layer, by 14% in the 10-20 cm layer, and by 11% in the 20-30 cm layer. Thus, the 
greatest effect on soil loosening was observed with the use of compost (T3) and vermicompost with 
mineral fertilizers (T 5, 6), especially in the upper soil layers where the difference compared to the 
control was 11-27%. In general, the use of compost and vermicompost, especially in combination 
with mineral fertilizers, significantly improves soil density indicators, contributing to its loosening 
and improving water and air permeability, which is important for optimal plant development. Figure 
2 shows changes in the structural coefficient of chernozem typical for the application of various 
biological products in a three-component mixture of barley, peas and beans. 

 
Figure 2 The influence of biological preparations on the structural coefficient (Cstr) of 0-20 cm of a 
typical chernozem layer in a three-component mixture.  
 
Biological preparations had a significant effect on the structural state of the 0-20 cm soil layer, as 
evidenced by the structural coefficients, which were calculated as the ratio of the content of 
agronomically valuable aggregates 0.25-10 mm to the sum of aggregates smaller than 0.25 and 
larger than 10 mm. In the control variant after harvesting, Cstr was 2.25, a similar value was also 
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found in the variant T2 N50-ammonium nitrate – 2.28, while the introduction of biological 
preparations led to an increase in this coefficient to 5.85-6.7. The sum of water-resistant aggregates 
(WRC), which is presented in Figure 3, according to the experimental variants was 75.2-85.2%. The 
lowest content of water-resistant aggregates was in the T2 N50-ammonium nitrate variant, which 
confirms the negative impact of applying only mineral fertilizers on the resistance of aggregates to 
erosion. 
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Figure 3 Effect of fertilize on Sum of water-resistant aggregates larger than 0.25 mm (SWA), water 
resistance coefficient (WRC) i weighted average diameter, mm (WAD) in layer 0-20 sm chernozem 
typical under pea+barley+bean. 
 
The use of vermicompost in variants T5 and T6 led to an improvement in the water resistance of 
typical chernozem aggregates, where their content was 85.1 and 82.1%. As for the water resistance 
coefficients, they differed little between the variants of the experiment and were 0.82-0.86. No clear 
pattern was established in the influence of biological preparations on the weighted average diameter 
of WAD particles, which was within 1.63-1.95. Similarly to other indicators of the structural state of 
the soil, the smallest values of the particle diameter were established in variant T2 N50-ammonium 
nitrate. In variants T1 without fertilizers, T3 N50-ammonium nitrate, T 4 N25 compost + N25 
mineral fertilizer and T6 N25-vermicompost + N25 mineral fertilizer, the weighted average particle 
diameter was close in value and was about 1.7 mm. The use of N50 vermicompost led to a 
significant increase in the weighted average diameter of soil aggregates by 15%. The results of 
studies on determining the structural state of typical chernozem showed a positive effect of growing 
a three-component mixture of peas, barley and beans on its agrophysical state. In particular, the ratio 
of water-resistant aggregates was quite high in our studies. We explain this phenomenon by the 
positive effect of intercropping on soil biodiversity, plant root development, etc. Biopreparations led 
to a positive effect on soil structure. Other researchers also studied the improvement of soil 
aggregate stability through the use of organic fertilizers, since organic substances formed during 
their application to the soil have a structuring effect on soil particles (Lijun Ren at all., 2024). In our 
studies, the application of only mineral fertilizers worsened both the structural coefficient and other 
indicators of the structural state of typical chernozem. The effectiveness of the combined use of 
organic and mineral fertilizers is also noted by Zheng X, Fan J, Xu L, Zhou J (2017). It was found 
that both the weight-average diameter and the geometric mean diameter were the highest in the case 
of the combined use of mineral fertilizers and biogas slurry, which improved the stability of soil 
aggregation. It should be noted that in the context of climate change, improving soil structure is very 
important, as it increases their resistance to wind erosion, which is why we believe that finding ways 
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to increase the anti-deflation resistance of soils is promising in terms of ensuring their protection 
from destructive soil degradation processes.  
Conclusions 
The research results showed that biological products and mixed cropping have a significant impact 
on the agrophysical state of typical chernozem. The use of compost and vermicompost, especially 
together with mineral fertilizers, significantly improves the structural and aggregate composition of 
the soil and contributes to a decrease in the density of typical chernozem, which creates optimal 
conditions for plant growth and development. The use of biological products had a significant 
positive impact on the structural state of the arable soil layer, increasing the structural coefficient 
from 2.25 to 5.85-6.7, which indicates an improvement in soil aggregation. 
Acknowledgements  
This study was conducted as part of the ECOTWINS (Research Capacity Building and Upskilling 
and Upgrading the Research Team in NUBiP (Ukraine) on Agroecological Intensification for Crop 
Production) project. ECOTWINS has received funding from the Horizon Europe Framework 
Programme (HORIZON) under the grant agreement №101079308. Thank you to Ynsect (France) for 
providing yellow mealworm insect frass for the preparation of the aqueous extract. 
References 
Ciric V., Manojlovic M., Nesic Lj., Belic M. (2012). Soil dry aggregate size distribution: effects of soil type 

and land use. Journal of Soil Science and Plant Nutrition, 12 (4), 689- 703. 
http://dx.doi.org/10.4067/S0718-95162012005000025   

Khomenko, T., Tonkha, O., & Pikovska, O. (2023). Humus and nitrogen content of sod-podzolic soil under the 
influence of biopreparations for potato cultivation. Plant & Soil Science, 14(1). 
https://doi.org/10.31548/plant1.2023.82 

Lijun Ren, Han Yang, Jin Li, Nan Zhang, Yanyu Han, Hongtao Zou, Yulong Zhang. (2024). Organic fertilizer 
enhances soil aggregate stability by altering greenhouse soil content of iron oxide and organic carbon, 
Journal of Integrative Agriculture. https://doi.org/10.1016/j.jia.2024.05.026  

Tonkha O., Menshov O., Sychevskyy S., Pikovska O. and Balaev A. (2021). Geospatial and magnetic 
assessment of soil and relief of the farming lands at the Forest-Steppe zone of Ukraine. Geoinformatics, 
May 2021, Volume 2021, p.1 - 6. https://doi.org/10.3997/2214-4609.20215521108  

Seidel, E. P., dos Reis, W., Mottin, M. C., Fey, E., Schneider, A. P. R., & Sustakowski, M. C. (2017). 
Evaluation of aggregate distribution and selected soil physical properties under maizejack bean 
intercropping and gypsum rates. African Journal of Agricultural Research, 12(14), 1209-1216. 

Tilman, D. (2020). Benefits of intensive agricultural intercropping. Nat. Plants. 6, 604-605. 
https://doi.org/10.1038/s41477-020-0677-4  

Tonkha, O., Pikovska, O., Balaev, A., Kovalyshyna, G., Zavgorodniy, V., & Kovalenko, V. (2019). 
Monitoring of the microbiological condition of virgin chernozem under different management. 
European Association of Geoscientists & Engineers. Conference Proceedings, Monitoring 2019, Nov 
2019, Volume 2019, p.1 – 5.  DOI: https://doi.org/10.3997/2214-4609.201903256  

Tykhenko, O., Martyn, A., Tykhenko, R., Openko, I., Shevchenko, O., Tsvyakh, O. ... Volk, P. (2024). Impact 
of Comparative Assessment of Soil Quality on Determining the Value of Agricultural Land (Ukraine). 
Ecological Engineering & Environmental Technology, 25(4), 252-261. 
https://doi.org/10.12912/27197050/183900. 

Wang, G., Li, X., Xi, X., & Cong, W. F. (2022). Crop diversification reinforces soil microbiome functions and 
soil health. Plant and Soil, 476(1-2), 375-383. https://doi.org/10.1007/s11104-022-05436-y 

Xu, Q., Xiong, K., Chi, Y., & Song, S. (2021). Effects of Crop and Grass Intercropping on the Soil 
Environment in the Karst Area. Sustainability, 13(10), 5484. https://doi.org/10.3390/su13105484 

Zenghui Sun, Zhe Liu, Jichang Han, Huanyuan Wang, Haiou Zhang, Jiakun Yan. (2023). Long-term effects of 
soft rock amendment on changes of soil aggregate cementing agents of sandy soil by SEM-EDS. 
Frontiers in Environmental Science, June 2023. 10.3389/fenvs.2023.1207781. 

Zheng X, Fan J, Xu L, Zhou J (2017) Effects of Combined Application of Biogas Slurry and Chemical 
Fertilizer on Soil Aggregation and C/N Distribution in an Ultisol. PLOS ONE 12(1): e0170491. 
https://doi.org/10.1371/journal.pone.0170491 

http://dx.doi.org/10.4067/S0718-95162012005000025
https://doi.org/10.31548/plant1.2023.82
https://doi.org/10.1016/j.jia.2024.05.026
https://doi.org/10.3997/2214-4609.20215521108
https://doi.org/10.1038/s41477-020-0677-4
https://www.earthdoc.org/content/serial/2214-4609
https://www.earthdoc.org/content/proceedings/monitoring-2019-kiev
https://doi.org/10.3997/2214-4609.201903256
https://doi.org/10.12912/27197050/183900
https://doi.org/10.1007/s11104-022-05436-y
https://doi.org/10.3390/su13105484
https://doi.org/10.3389/fenvs.2023.1207781
https://doi.org/10.1371/journal.pone.0170491


<<

  /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

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.0000

  /ColorConversionStrategy /CMYK

  /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



  /CreateJDFFile false

  /Description <<



    /BGR <>

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>

    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>

    /CZE <>

    /DAN <>

    /DEU <>

    /ESP <>

    /ETI <>

    /FRA <>

    /GRE <>



    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)

    /HUN <>

    /ITA <>

    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>

    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>

    /LTH <>

    /LVI <>

    /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 <>

    /POL <>

    /PTB <>

    /RUM <>

    /RUS <>

    /SKY <>

    /SLV <>

    /SUO <>

    /SVE <>

    /TUR <>

    /UKR <>

    /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



