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Abstract conventional tillage (CT) had been practiced for about three

years. The amounts of organic matter and recalcitrant carbon
BACKGROUND: Soil carbon sequestration has been pool were 18.3 g/kg dry soil and 4.1 g C/kg dry soil,

investigated for a long time because of its potential to mitigate respectively in NT soils, while they were 12.4 and 2.5,
the greenhouse effect. No- or reduced tillage, crop rotations, respectively in CT soils. The amounts of RNA and DNA, and
or cover crops have been investigated and practiced to the copy numbers of bacterial 16S rRNA genes and fungal
sequester carbon in soils but the roles of soil biota, particularly ITS sequences were higher in NT soils than in CT soils.
microorganisms, have been mostly ignored although they No-tillage treatment increased the diversities of soil bacterial
affect the amount and stability of soil organic matters. and fungal communities and clearly shifted the bacterial and
METHODS AND RESULTS: In this study we analyzed the fungal community structures. In NT soils the relative
organic matter and microbial community in organically abundances of bacterial phyla known as copiotrophs,
cultivated com field soils where no-tillage (NT) or Betaproteobacteria and Bacteroidetes, increased while those

known as oligotrophs, Acidobacteria and Verrucomicrobia,

N . decreased compared to CT soils. The relative abundance of a
Corresponding author: Jae-Hyung Ahn
Phone: +82-63-238-3045; Fax: +82-63-238-3845; fungal phylum, Glomeromycota, whose members are known

E-mail: hyungz@korea.kr as arbuscular mycorrhizal fungi, was about two time higher
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in NT soils than in CT soils, suggesting that the higher
amount of organic matter in NT soils is related to its
abundance.

CONCLUSION: This study shows that no-tillage treatment
greatly affects soil microbial abundance and community
structure, which may affect the amount and stability of soil
organic matter.
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Table 1. Characterization of the soils from different tillage treatments™”

No tillage Tillage
pH (1:5) 6.5+0.2° 5.940.1°
Water (%) 13.9+0.6 13.4+0.8
Organic matter (g/kg dry soil) 18.311.6° 12.440.9°
Total nitrogen (g/kg dry soil) 0.41+0.04 0.41+0.07
Available P;Os (mg/kg dry soil) 29.443.5 33.1+4.8
Exchangeable K (cmol./kg dry soil) 0.611+0.06 0.6310.01
Exchangeable Ca (cmol./kg dry soil) 6.7440.33 6.2940.85
Exchangeable Mg (cmol./kg dry soil) 1.9540.12 2.03+0.15

a) The averages of three replicate plots are presented with standard deviations.
b) Different lower cases indicate a significant differences between the two treatments (p<0.05).
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Fig. 1. Labile and recalcitrant pools of carbon in the soils. LP I: Labile
Pool I; LP II: Labile Pool II; RP: Recalcitrant Pool. The averages of three
replicate plots are presented with standard deviations. An asterisk
indicates a significant difference between the two treatments (p<0.05).
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Fig. 2. The microbial abundances in the soils. (A) amounts of RNA and DNA; (B) viable
counts of bacteria and fungi; (C) copy numbers of bacterial 165 tRNA genes and fungal
ITS sequences. The averages of three replicate plots are presented with standard deviations.
An asterisk indicates a significant difference between the two treatments (p<0.05).
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No tillage Tillage No tillage Tillage
No. of reads” 25,252 25,252 56,649 56,649
No. of OTUs 1,956+28° 1,617497° 443+48 354130
Good’s Coverage 0.98+0.00 0.99+0.00 1.00£0.00 1.00+0.00
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a) The averages of three replicate plots are presented with standard deviations.
b) Different lower cases indicate a significant differences between the two treatments (p<0.05).
¢) The number of reads for each plot, which was normalized to the lowest number of reads among the six plots.
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70

Ahn et al.

(A) 30

Abundance (%)

B) 8

m No tillage
OTillage

Abundance (%)
ES

m No tillage
OTillage

0 | | . ; ;
. o A 3 o ) © S
R § & <@ %@ & & =;§@ %2,6‘ %.@\e.
& & & @ g g @ or 3
o & @ o & o & o o o
f & & &0 & & ¢ & & §
Qﬁx - (@7 p {;\0 6\4‘ Qb« s ?S\Ob ((\-a s « Nl
[©) @ ) o0 o Q' ) 6\%5/ e&
& & R &
& & 40" o
o & & \)“ﬁ\
%égf? N & L
© 50
—_ .
ST m No tillage
g . O Tillage
c 30
3
S 20
-]
<
10
' [
0 _—
d 2 @ @ @ 2 2 0 @ 2 &
¢ & & ¢ & & & £ & & &
& & & O o S & & & & N
& iy & & & o o @é\ & ) «
o & o o W & 0 &
(D) 20
X )
< m No tillage
o 15 )
e OTillage
S
2
S
)
<
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significantly more abundant (p<0.05) in no-tillage treatment than in tillage treatment,
(©) fungal phyla, and (D) fungal genera belonging to the phylum Glomeromycota.

Asterisks indicate significant differences between the two treatments (p<0.05).



Effects of Tillage on Soil Organic Matters and Microorganisms

71

o Arere AR Ay} wRe FFEE BF 5
7R 1L olfre B¢ <

oM E7] wjEo® AzhE
EY0[ME 27X

43 A Al Al B ARt 9 #59] FEEEAS
4 A4S Table 20 YeRASITE Atz 47 25

Ho
<
=
o,
-

Ao FEFFE(OTUS, Chao ¥ ACE

FHEAG) 2 e d(Shannon % Inverse Simpson
vl dA)el Frkeksl o Alte] B F ARt 9

Aol7b Q= Ao UEhth ol el Hla FAw
A BT Tefe vAEe] B oed Bl A4staL 9l
& Guigit}. o] ATtellx] Aol wlel] FERelA w1
=R 714 o] g tFdol Frkeka[40], Aol Frkek

©

S7ksk= Zl[41]0] #=HSI Lupwayi 5{40]2

ol vl AeolM B E] vhekido] FHashs ol f

A kel 93 wAb o] =elFel B9t B £t
Eok Ul 714 2 " wAgE ] wdstel 7)1sk

O Ki ol ox md mlo 2 ro of\ ofN oM W

n 2

A)

o
_lu HU r—?{—"
o N
Mo oX o
o
Y 2
3%
il
o

oA vE PRl e 7
4 2ARS W AF THE PC1 Al o] 7

W R PC2 AN FREle] B¢ A2 o] At

6] Lhebk(Fig. 3ASH

=]
R
€

[e}
B
RUS
pis

w3 AeolM FElol
Epstet. Alete] A 7
Tx9 2tol7k A% om(Fig. 3A), #F
S YERISItHFig. 3B). ol ot EoF £30 % WU} o
Agt S0l FAEUNE Ao
giehe] Aol vkt 1 ol Al

A 7ol ARt Hphylum) $555 48 23,
Betaproteobacteria®} Bacteroidetes, WPS-2 2] W& -
748 Bkl =3k WhA, Acidobacteria, Verrucomicrobia,
Amatimonadetes 2| P& 7 EYOIM =SitHFg.
4A). Fierer [42]2 7149 #3IESrt wE EelAe
Betaproteobacteria} Bacteroidetes &2 5 %=7F =1 &=
W Bl Addobacteria 0] SR} 201, 1 ol
Betaproteobacteria®t Bacteroidetes ol &3 B Ayt
o] Ball¥7] 4% F7lEe] FHe ol MAehs PP
(copiotrohic)©]3. Adidobacteria o 45h= Mlite] 739 9
o7} HE53E ol FellH7] ofele EARE o8k WYY
“d(oligotrophic)o]”7] WO % Arsitt. Verrucomycrobia
T A AWk oR fr)Eo] FHEkA] ok StelA wAdet
= NG AR BuHITH43]. F A= Tl
7] A% 1= A AR B 3 A7t fisler &
H7] ofE 719 B Fwelr =Shvhe A(Fig.
< e |, ol At Avele ANt o] @l o
s 7 A97F Heg Aow Azt
& AR 1% oVd= Adhe

F

family) & 2% ESETE 1 T Fole e A U
ERQILL ©1% Bacteroidetes -0l 43R= Chitinophagaceae
7} Bl M= 5.940.7%, BoE 3.240.2% % ek
= o] el &ahe B Al Fol 172 AlEE T HX

MOl FERH ARl #Re & FFEE
yidtt. F820lA Glomeromycota -0l 458k 1572 1]
°] 3.2+1.1%<1 Wh o= 1.540.7% 2 Heht 5732
A 2,14 =90 Glomeromycota =2 A7¢2] B A1
s E3RTH45]. ol Aol Hls FAERelA A
TAte] FHETE S7RITRS o Ane} AARIH36, 38,
46, 47]. Kabir 5[47] FAVIAe] HE Eorgolel
Hlal EoF watel v uizket o)A of5o] thi-E 7140l
7] Wil kel ofel] A= HEjelM Eeld g 4]
of]7] Wit 2 F43I8Itk Fig. 4(D)ol= Glomeromycota

2 o I

=

e}

I we

o] & FHEE UEpiSItE ARl = Clarodelglomus
Hol ¢Adstar sl o frofgh Aol USIARE F-d 2ol 4]
el wlel =2 o yeistth 1 9l vERE

Glomeraceae?}S} Paraglomeromycetes’dell <538 AV
2] Ho] F7dell 3o vkl darodeoglomeraceae
¥}, Funneliformis, Dominikia, Kamienskia, Gigaspora
& 5ol TRt veht e Aert A
tefde darziaol yeRth

ofN

wey
B AolMs Aol mE EYE S 9 v
& wAe WskE wEeElt s SeaidelA oF 3d
b RREN A AeE A8 An, EFE 9%
w7 el s g, B¢ vdEY SR 4 o
FIL Aol vl FARNM SIHoH B o] B
& A=A 2 dFS A Ao Yehgth 53
EggtaAeel 4= vAE AT BlEe] 4
ol F7kekes 2ol ¥t Morrién 5[48]2 %
A e AAA FAFG M EFYE] Holmo] FF
A3 Ekagole] walatx 9 @Ado] wWslehHA giold
g&o] Tkt Basigich whebA Aol vkt
FAE Aele] W EgrdEe FHE 9 v S7ket
o THTE WHEF EgRa e e} didol ole Ao
7 FE g5 EohudEel] o EdwtaAe] Vas
TS T S wol7] S1% A A Eolop & Zlo
= A7

Note

The authors declare no conflict of interest



72

Ahn et al.

Acknowledgement

This work was supported by the National Institute of

Agricultural Sciences, Rural Development Administration,
Republic of Korea [project no. PJ01359603].

References

. Lal R (2004) Soil carbon sequestration impacts on

global climate change and food security. Science, 304,
1623-1627.

. Ontl TA (2012) Soil carbon storage. Nature Education

Knowledge, 3, 35.

. Lal R (2004) Soil carbon sequestration to mitigate

climate change. Geoderma, 123, 1-22.

. Minasny B, Malone BP, McBratney AB, Angers DA,

Arrouays D, Chambers A, Chaplot V, Chen ZS, Cheng
K et al. (2017) Soil carbon 4 per mille. Geoderma, 292,
59-86.

. Six J, Frey SD, Thiet RK, Batten KM (2006) Bacterial

and fungal contributions to carbon sequestration in
agroecosystems. Soil Science Society of America
Journal, 70, 555-569.

. Clemmensen KE, Bahr A, Ovaskainen O, Dahlberg A,

Ekblad A, Wallander H, Stenlid J, Finlay RD, Wardle
DA et al. (2013) Roots and associated fungi drive
long-term carbon sequestration in boreal forest.
Science, 339, 1615-1618.

. Sokol NW, Bradford MA (2019) Microbial formation of

stable soil carbon is more efficient from belowground
than aboveground input. Nature Geoscience, 12, 46-53.

. Bedini S, Pellegrino E, Avio L, Pellegrini S, Bazzoffi P,

Argese E, Giovannetti M (2009) Changes in soil
aggregation and glomalin-related soil protein content
as affected by the arbuscular mycorrhizal fungal
species Glomus mosseae and Glomus intraradices. Soil
Biology and Biochemistry, 41, 1491-1496.

. Averill C, Turner BL, Finzi AC (2014) Mycorrhiza-

mediated competition between plants and decomposers
drives soil carbon storage. Nature, 505, 543-545.

10. Frey SD, Elliott ET, Paustian K (1999) Bacterial and

11.

fungal abundance and biomass in conventional and
no-tillage  agroecosystems along two climatic
gradients. Soil Biology and Biochemistry, 31, 573-585.
Bailey VL, Smith JL, Bolton H (2002) Fungal-to-
bacterial ratios in soils investigated for enhanced C
sequestration. Soil Biology and Biochemistry, 34,

997-1007.

12. Wilson G, Rice WT, Rillig CW, Springer MC, Hartnett

13.

14.

15.

16.

17.

18.

20.

21.

23.

DC (2009) Soil aggregation and carbon sequestration
are tightly correlated with the abundance of arbuscular
mycorrhizal fungi: results from long-term field
experiments. Ecology Letters, 12, 452-461.

Halvorson AD, Wienhold BJ, Black AL (2002) Tillage,
nitrogen, and cropping system effects on soil carbon
sequestration. Soil Science Society of America Journal,
66, 906-912.

Zuber SM, Villamil MB (2016) Meta-analysis approach
to assess effect of tillage on microbial biomass and
enzyme activities. Soil Biology and Biochemistry, 97,
176-187.

RDA (2017) Analysis manual for comprehensive assay.
Rural Development Administration, Jeonju, Republic
of Korea.

Rovira P, Vallejo VR (2002) Labile and recalcitrant
pools of carbon and nitrogen in organic matter
decomposing at different depths in soil: an acid
hydrolysis approach. Geoderma, 107, 109-141.
Muyzer G, De Waal EC, Uitterlinden AG (1993)
Profiling of complex microbial populations by denaturing
gradient gel electrophoresis analysis of polymerase
chain reaction-amplified genes coding for 165 rRNA.
Applied and Environmental Microbiology, 59, 695-700.
Chun J, Kim K, Lee JH, Choi Y (2010) The analysis
of oral microbial communities of wild-type and
toll-like receptor 2-deficient mice using a 454 GS FLX
Titanium pyrosequencer. BMC Microbiology, 10, 101.

. Fierer N, Jackson JA, Vilgalys R, Jackson RB (2005)

Assessment of soil microbial community structure by
use of taxon-specific quantitative PCR assays. Applied
and Environmental Microbiology, 71, 4117-4120.
Herlemann DPR, Labrenz M, Jiirgens K, Bertilsson S,
Waniek JJ, Andersson A F (2011) Transitions in
bacterial communities along the 2000 km salinity
gradient of the Baltic Sea. The Isme Journal, 5, 1571.
White T, Bruns T, Lee S, Taylor J (1990) Amplification
and direct sequencing of fungal ribosomal RNA
genes for phylogenetics, in: Innis MA, Gelfand DH,
Sninski JJ, White TJ (eds.), PCR-protocols a guide to
methods and applications. pp. 315-322, Academic
press, San Diego.

. Tllumina (2013) 16S metagenomic sequencing library

preparation protocol: preparing 165 ribosomal RNA
gene amplicons for the Illumina MiSeq system. Part
no. 15044223 Rev B. Illumina, San Diego, CA.
Edgar RC (2013) UPARSE: highly accurate OTU
sequences from microbial amplicon reads. Nature
Methods, 10, 996-998.



Effects of Tillage on Soil Organic Matters and Microorganisms

73

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

Schloss PD, Westcott SL, Ryabin T, Hall JR, Hartmann
M, Hollister EB, Lesniewski RA, Oakley BB, Parks
DH et al. (2009) Introducing mothur: open-source,
platform-independent, community-supported software
for describing and comparing microbial communities.
Applied and Environmental Microbiology, 75, 7537-7541.
Cole JR, Wang Q, Cardenas E, Fish J, Chai B, Farris
RJ, Kulam-Syed-Mohideen AS, McGarrell DM, Marsh
T et al. (2009) The Ribosomal Database Project:
improved alignments and new tools for rRNA
analysis. Nucleic Acids Research, 37, D141-D145.
Koljalg U, Nilsson RH, Abarenkov K, Tedersoo L,
Taylor AFS, Bahram M, Bates ST, Bruns TD, Bengtsson-
Palme ] et al. (2013) Towards a unified paradigm for
sequence-based identification of fungi. Molecular
Ecology, 22, 5271-5277.

Lee YH, Ahn BK, Lee JH (2010) Effects of rice straw
application and green manuring on selected soil
physical properties and microbial biomass carbon in
no-till paddy field. Korean Journal of soil science and
fertility, 43, 105-112.

Park HK, Kim SS, Choi WY, Lee KS, Lee JK (2002)
Effect of continuous cultivation years on soil properties,
weed occurrence, and rice yield in no-tillage machine
transplanting and direct dry-seeding culture of rice.
Korean Journal of Crop Sciences, 47, 167-173.

Kim S, Choi JS, Kang S, Park JH, Hong S, Kim TS,
Yang W (2017) Effects of tillage and cultivation
methods on carbon accumulation and formation of
water-stable aggregates at different soil layer in rice
paddy. Korean Journal of soil science and fertility,
50, 634-643.

Feng Y, Motta AC, Reeves DW, Burmester CH, Van
Santen E, Osborne JA (2003) Soil microbial communities
under conventional-till and no-till continuous cotton
systems. Soil Biology and Biochemistry, 35, 1693-1703.
Wang Y, Tu C, Cheng L, Li C, Gentry LF, Hoyt GD,
Zhang X, Hu S (2011) Long-term impact of farming
practices on soil organic carbon and nitrogen pools
and microbial biomass and activity. Soil and Tillage
Research, 117, 8-16.

Somasundaram ], Chaudhary RS, Awanish Kumar D,
Biswas AK, Sinha NK, Mohanty M, Hati KM, Jha P,
Sankar M et al. (2018) Effect of contrasting tillage
and cropping systems on soil aggregation, carbon
pools and aggregate-associated carbon in rainfed
Vertisols. European Journal of Soil Science, 69, 879-891.
Zhang Y, Li X, Gregorich EG, McLaughlin NB,
Zhang X, Guo Y, Gao Y, Liang A (2019) Evaluating

35.

36.

37.

38.

39.

40.

41.

storage and pool size of soil organic carbon in
degraded soils: Tillage effects when crop residue is
returned. Soil and Tillage Research, 192, 215-221.

. Rillig MC, Wright SF, Nichols KA, Schmidt WF, Torn

MS (2001) arbuscular
mycorrhizal fungi to soil carbon pools in tropical
forest soils. Plant and Soil, 233, 167-177.

Rillig MC, Mummey DL (2006) Mycorrhizas and soil
structure. New Phytologist, 171, 41-53.

Dai J, Hu J, Zhu A, Bai ], Wang J, Lin X (2015) No
arbuscular fungal
population, glomalin-related soil protein content, and

Large contribution of

tillage enhances mycorrhizal
organic carbon accumulation in soil macroaggregates.
Journal of Soils and Sediments, 15, 1055-1062.
McCaig AE, Grayston SJ, Prosser JI, Glover LA (2001)
Impact of cultivation on characterisation of species
composition of soil bacterial communities. FEMS
Microbiology Ecology, 35, 37-48.

Hydbom S, Ernfors M, Birgander ], Hollander ],
Jensen ES, Olsson PA (2017) Reduced tillage stimulated
symbiotic fungi and microbial saprotrophs, but did
not lead to a shift in the saprotrophic microorganism
community structure. Applied Soil Ecology, 119, 104-114.
Mbuthia LW, Acosta-Martinez V, DeBruyn ],
Schaeffer S, Tyler D, Odoi E, Mpheshea M, Walker F,
Eash N (2015) Long term tillage, cover crop, and
fertilization effects on microbial community structure,
activity: Implications for soil quality. Soil Biology
and Biochemistry, 89, 24-34.

Lupwayi NZ, Rice WA, Clayton GW (1998) Soil
microbial diversity and community structure under
wheat as influenced by tillage and crop rotation. Soil
Biology and Biochemistry, 30, 1733-1741.

Dorr de Quadros P, Zhalnina K, Davis-Richardson A,
Fagen JR, Drew ], Bayer C, Camargo FAO, Triplett
EW (2012) The Effect of Tillage System and Crop
Rotation on Soil Microbial Diversity and Composition
in a Subtropical Acrisol. Diversity, 4, 375-395.

. Fierer N, Bradford MA, Jackson RB (2007) Toward an

ecological classification of soil bacteria. Ecology, 88,
1354-1364.

. Bergmann GIT, Bates ST, Eilers KG, Lauber CL,

Caporaso JG, Walters WA, Knight R, Fierer N (2011)
The under-recognized dominance of Verrucomicrobia
in soil bacterial communities. Soil Biology and
Biochemistry, 43, 1450-1455.

. Kampfer P (2010) Family II. Chitinophagaceae fam.

nov, in: Krieg NR, Staley JT, Brown DR, Hedlund
BP, Paster B], Ward NL, Ludwig W, Whitman WB,



74

Ahn et al.

45.

46.

47.

Bergey's manual of systematic bacteriology. pp.
351-358, Springer, New York, USA.

Sanjeev K (2018) Molecular phylogeny and systematics
of Glomeromycota. methods and limitations. Plant
Archives, 18, 1091-1101.

Entry JA, Reeves DW, Mudd E, Lee W], Guertal E,
Raper RL (1996) Influence of compaction from wheel
traffic and tillage on arbuscular mycorrhizae infection
and nutrient uptake by Zea mays. Plant and Soil,
180, 139-146.

Kabir Z, OHalloran IP, Fyles JW, Hamel C (1997)

48.

Seasonal changes of arbuscular mycorrhizal fungi as
affected by tillage practices and fertilization: Hyphal
density and mycorrhizal root colonization. Plant and
Soil, 192, 285-293.

Morrién E, Hannula SE, Snoek LB, Helmsing NR,
Zweers H, De Hollander M, Soto RL, Bouffaud ML,
Buée M, Dimmers W et al. (2017) Soil networks
become more connected and take up more carbon as
nature restoration progresses. Nature Communications,
8, 14349.




<<
  /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


