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Characteristics of Penetration Resistance of Moss-dominated Biocrusts on Aeolian and

Loessal Soils and Its Influencing Factors on Chinese Loess Plateau
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Abstract: The development of biocrust significantly affect and change the physiochemical properties of the surface soil, which
in turn affects the penetration resistance. In order to investigate the effect of biocrust on soil penetration resistance, this study took
moss-dominated biocrusts and bare soils from aeolian and loessal soils on the Loess Plateau as the test materials, compared the
differences in penetration resistance between biocrusts and bare soils, and investigated their differences in penetration resistance
under different water contents by using the high precision soil penetrometer. At the same time, the influence of biocrusts on soil
penetration resistance and its relationship with soil properties (water content, bulk density, organic matter content, particle
composition) were quantitatively analyzed. The results showed that the maximum penetration resistance was 0.38-3.74 MPa for
aeolian soil with biocrust and 0.43-8.01 MPa for loessal soil with biocrust, which was about 2.14 to 9.45 times (P=0.001) and
1.38 to 6.27 (P=0.051) times of the same depth of aeolian and loessal soils without crust, respectively. The effect of moss crust on
the penetration resistance of aeolian soil was 2 to 12 mm (P=0.028), while the depth of influence on loessal soil varied greatly
under different water contents, ranging from 3 to 24 mm. At the same time, the penetration resistance of the bare soil increased
linearly with the increase of soil depth. The penetration resistance of soil with biocrust increased first and then decreased with the

increase of depth in the crust layer, while it was linear in the lower layer of the crust. In addition, the lateral and the longitudinal
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penetrating resistances were significantly different (P<:0.03) for soil with the biocrust, but not significant for soil without crust (P

=0.052). The penetration resistance of soil with biocrust had a significant power function relationship with water content

(P<0.001), but was linearly correlated with bulk density, organic matter and sand contents. These factors are important ways for

the biocrust to change the penetration resistance of the surface soil.

Key words: Biocrusts; Soil hardness; Soil compaction; Mechanical stability; Soil mechanical resistance
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Table 1 Characteristics of sampling sites and soil samples
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Penetration resistances of acolian soils with or without biocrust under different water contents (6)

http://soils.issas.ac.cn



FFE MGG B I e 15 TR S R R SO e PR 3R

177

—o— JCAE R L e B BN L

134
12+ (A)
| 9=2539 g/ke
1.0+
S o0gl WD TR
G 0.8 i
% L
R 0.6}
= |
%)
R 041
02F
00 1 1 1 1 1 ]
0 10 20 30 40 50
L (mm)
4.0+ (O
0=172.9 g/kg
sol R ST
g ~y
R 20}
e ]
%)
10+
00 1 1 : 1 1 n 1 n 1 1 ]
0 10 20 30 40 50

L HERRE (mm)

2510 (B)
0=184.4 g/kg
201 :
5 21}51}? R T2
% 1.5F i
=
=
w10
RN
05F
OO 1 : 1 1 1 ]
0 10 20 30 40 50
LG (mm)
30.0 - (D)
| 0=322g/ke
250 F

LEHR | PR

10.0 | i ,]L'}‘

00 1 : 1 1 1 ]
0 10 20 30 40 50

LR (mm)

Z%ERL ST (MPa)
=

2 AEREFKEBO)TEHERMEEREARLTFERNBLIBRRENTN

Fig. 2 Penetration resistances of loessal soils with or without biocrust under different water contents (6)
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Fig. 3 Vertical and horizontal penetration resistances of soils with or without biocrust
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Fig. 4 Relationship between aeolian soil properties and penetration resistances with or without biocrust
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Fig. 5 Relationship between loessal soil properties and penetration resistances with or without biocrust

http://soils.issas.ac.cn



180 + e %535
Fz2 FEMENSLIEURMEERIETHH
Table 2 Linear regression analysis of penetration resistance and soil properties
b A IS [EVEEY FRifEiR 2 t P
LS RS+ ok -0.341 0.061 -5.830 0.004
Faxiy 0.027 1.653 0.242 0.821
B & -0.221 0.048 -1.241 0.282
W& i 0.527 0.055 3.452 0.026
BESE A T oK -0.32 0.239 -1.406 0.232
A 0.233 34.24 0.372 0.729
H AL A it -0.566 0.535 -0.786 0.476
Wi -0.336 0.079 -1.212 0.292

JEWFTEIX AR, (EX S5y —BER M, A W4h K
TE—ERRJE AR T HEar g R ) o B4, B xf + 4oy
FERH T AR TR 3 25z HBeR S i 2, R
AREAT AR JUAS D5 T - (DEE45 B ATE i A= Mk i 26 o
HNEE | FhPEST AW | T TR 22 LD R B A IR S5
Fhah LHEWURL, I 1Y QAR
A P A B JCALER TT I B 23 A ) A [
HLER T B B A e I O m iR T
HLBR 4 3= ST S ZUE A 2 B B S ALY
[RIRS, BE2E i Ab T45 BOR B IR BB BE>, K&
BIE, X B FAR A T kR, SR, A=44s
BExt 39 2 75 BH 7 R SN R R N5 18] 5 45 5T IX AT
PIEANTE], ATRERR R : D HERAIATR], AR +
SR PR T | 7 LA A AL e A PR M A [+ T
Wi 25 BT . QHEWIAS B AR AR, ANTRIZE R A=
Wy B e 5 BE | A LA AR HE SR 2 T T B A AR
RIES o [, B ATk AR SR IR L 2 W 4521
FEAE— R IR o A 1) 27325 BT R ) 25125 BHL ) 2 79
AANIRTT T8 77, S 1 AR ZR A A 1] e FER ML 46 P )
IO e AWFTE RN, BEAS K TSR e 2F i FE )
TGN 2P B 22 5 1.2, (HAE O, B A0 B2 i
W, T RR RS2 A R FTCSE K AN R B Y 5
Wi . Whalley S0 7e 21, AR IR & K i FIVRRE T
AFEIVER L R B AR B 2B ) R,
B TR U 18] 4 5 o 1 1 7 R S BOX R & SR A E
R 5 CWIBE 2L IS ES A TSR 3isE SR o)
FHETEER ) A, AR Z TR AR B R
R AR M R R R, R L
TRIE BN, JC&s K v v 4 - ) 2 i B ) 52 30
L PERE N R, JU R TCES KD L A2 P R
B . WSS R BRI , 455
ST B IR ; HBIALE TR, B

T OVIRARSERIFANEIG I o X BRI K n] it |
T 7 A B - HEURE 22 18] FEE 817 ) B A i 200,
AWFTEEARN , BELS AL KRR 5 mm Zifq BAT B
KEFBBLS) . Hu FCPRFTE IR, BEIEEE H
A R B A ey, L] T RS S 2 B R
BAIE BURIREE AL [ 5 3 [RIRE, BEAE M4 Bl
I Al LA [ (0 5 A T 7 25 1 )23 1) e S ol o R
MR IR, AOFERY, 45 BRIZMBRIRES S5
S AT FE R K SE R AE R UTY, X vl A2 5 8
B2 A o i B R A E A A 33 2 B
FRK R RIS R E 0 IZIESE , AR5 RS
— B, SRR, BEAKIKIIHN, H3EEE
TR AT HERT AT R, 18 1 5 ek K
G L B 15 E K ERSC R, BOR AR
FHo KB RNREN T, LA R/ hER
BN T, Bz AR b >BELE B B A b >BELE B XD >
TR £, TS KA IR EE AR, 1
DU S R A o AN ] ot ) 1 398 ELAT AN ] ) %7 375 B
J1o Ry tJgabt, R B sh ks, Bk
BAVESS s S, AR R TELF, LR,
B, WURLIRIBEES PSR, X 0] fEJE ¥ 4 - 1 2 s B
NIRRT - (G AF 4 B FTEZh iy F 2R .
STEEBRH I ZER2LAEEMEXLR, X5
Aggarwal SPGB R 2. X T RN BB L
S, A EIGINERE AR N SRR A I, A7
BALBR D, TR SRR, BNEEEREL st
AU E S RSB ) Z B R LA R,
AT AL AT AR - SRR 2 i T 4 JeR MR R T - S Y
£ e TN SR WD i Bo el @it s I UE S N DT £
S L SEERL N Y. FERD L b, SER ) S
R LM UICOC R , MR B4 L B s 1 S
WORL i 2 (A R IE A GO AR WPk i 5 1
2R T Z 18] A A 5 5% AR A8 P Rl 3 B SR BA )2

http://soils.issas.ac.cn



13

FFE MGG B I e 15 TR S R R SO e PR 3R 181

ZR R R AR T AR RS 2R , B ADN 22 5 il e e ™
AR AR Y E A

WHFERM], TR S ROk, A A7 1 R 4
J1, FEME I EUEL IR R PR BT Z L 5.5 4%
~ 8.5 A5, ARWEFER T A AR T s ) 13
HKEE, SZIRTVEEMERIRE, ATRES R ECP IS KR
WSO T P, (HER TR A, R K i R
FAFAE, BRZENAME AT HESZ L [ ASBTTE, 4 Fl
KA SESS B MITCAS B M 00 5 B B T BE TR JEE 1Y
AR RS IEARA L, [F)RE AT S AT R . F AT
KA, LIS R BRI R AN T — PR
A S AR TR AL ] S B S 2 A R ) R TIEI, X TR
WL AR 398 28 A B ) 1 S A5 AR A A 2 R PO, 06
TAWEE Kook L e gE i R T BRI T TR B ARG
PR AT IR A TSRS o

4 e

BELE R 1) e N WA A A B B e T
W, P REANR, B2 5K
i) o B 2% R ok KT+ 28 i3 BH T A58 IR B R 3R )% 2 ~
12 mm(P=0.028), x| B4 LM IEE N 3 ~
24 mm(B F/K BAR FER) . WD RN 4 £ #ELS Y
R KBRS A kE Sy 0.38 ~ 3.74 MPa FiI
0.43 ~8.01 MPa, M [RISFIREE T T4 e WD L R B4
T 2.14 1% ~ 9.45 15(P=0.001)F1 1.38 £ ~ 6.27 1
(P=0.051). JC4% e 135 2 375 BH T Wil TR B %) 185 o 52 4%
PRI ; B 45 Bz 402075 L BETR BE A 15 0 vT 43
B, 45 R R R R, g KT )2 BT EE Y
RIS KR, R 2R3 B R ) 2F
BRI FN B3 (P=0.554) , BEL5 iz FIJoss e +
HWEBH NS ST KEH R R ENFERE LR
(P<0.001), T 5% . A MU E & AR &
REMELR.

S 3k

(11 #pim, Ra%, wim, 5 RHEEEREIR
HERE[T]. L3%E R, 2016, 47(1): 226-232.

21 xIMess, 6. ANEEEK SRR N KRR
HISEIAT]. N ZEZS 224k, 2003, 14(11): 1906-1910.

[3] Bengough A G, Mullins C E. Mechanical impedance to
root growth: a review of experimental techniques and
root growth responses[J]. Journal of Soil Science, 1990,
41(3): 341-358.

[4] MR, FLAEB, FEE, % hIEBESIAEX AR LM
BRI [I]. N A2, 2008, 19(4): 782—
786.

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[18]

[21]

P, RWAE, R, . S8 L i B i
AT GE[I]. 13, 2016, 48(5): 1055-1061.
Bengough A G, McKenzie B M, Hallett P D, et al. Root
elongation, water stress, and mechanical impedance: a
review of limiting stresses and beneficial root tip
traits[J]. Journal of Experimental Botany, 2011, 62(1):
59-68.

B, RN, SRR, A L IEHUMIEE O T5 vk
WFFEIAR SO A I]. ARNE TR, 2014, 4(4): 10-13.
IIEAE, BB, DA, NP )W e BT AT
JE[T]. AR TR, 2013, 3(2): 1-4.

P, WA E, BREKE, % AEXE KA+
B B B0 I (D). T R IXCROL T 5T, 2018,
36(1): 56-60.

T, R, 48, % LB SER T SR A
K SRR g i S ()], 14, 2017, 49(5):
951-957.

AFoR, TRICH, B ARk, AW AR T HERE
TS R EE[)]. HERELHE R, 2009, 24(1): 11-24.
Rodriguez-Caballero E, Belnap J, Biidel B, et al.
Dryland photoautotrophic soil surface communities
endangered by global change[J]. Nature Geoscience,
2018, 11(3): 185.

Xiao B, Sun F H, Hu K L, et al. Biocrusts reduce
infiltrability and
infiltration under tension and ponding conditions in
dryland ecosystem[J]. Journal of Hydrology, 2019, 568:
792-802.

B, VPR, £, & o mR KRR
Py &5 fe xS BALPEAR 1O 52 W 0] B AR B8 P AR,
2006, 21(3): 441-448.

Xiao B, Hu K L, Ren T S, et al. Moss-dominated
biological soil significantly
moisture and temperature regimes in
ecosystems[J]. Geoderma, 2016, 263: 35-46.
Kidron G J, Vonshak A, Dor I, et al. Properties and
spatial distribution of microbiotic crusts in the Negev
Desert, Israel[J]. CATENA, 2010, 82(2): 92-101.

Guo Y R, Zhao H L, Zuo X A, et al. Biological soil
crust development and its topsoil properties in the

surface soil impede soil water

crusts influence soil

semiarid

process of dune stabilization, Inner Mongolia, Chinal[J].
Environmental Geology, 2008, 54(3): 653—662.
Drahorad S L, Felix-Henningsen P. Application of an
electronic micropenetrometer to assess mechanical
stability of biological soil crusts[J]. Journal of Plant
Nutrition and Soil Science, 2013, 176(6): 904—909.
&, KER, BE&E, & el ek
XS HEP AT AR R [T]. T RIS, 2011,
28(5): 800-807.

Chamizo S, Rodriguez-Caballero E, Canton Y, et al.
Penetration resistance of biological soil crusts and its
dynamics after crust removal: Relationships with runoff
and soil detachment[J]. CATENA, 2015, 126: 164-172.
VT e ) [ W s R B 0 I R
Savk[I]. T EK - fREE, 2000(11): 11-12

http://soils.issas.ac.cn



182

+

i

553 %

[22]

(23]

(24]

[25]

hERUE, SR, MR, AE. B XU AT DX IR
Ik 5 B 45 B 1 A% T ARFAIE B G S TR [0]. AR R U
4R, 2014, 29(3): 490-499.

EHTF, ZH, WP, & RER A Yt
B gk B FLIR &5 M 40 AR AE[T]. PP VL, 2011, 31(1):
58-62.

TROTH . b e A A g A R ) A A A A H
RERFE[T]. RBI2EIER, 2005, 50(1): 42-47.

U, SRam[E, SROME, G BRI AL
SR RN FFE[]. AR, 2009, 46(1): 16-23.
Whalley W R, To J, Kay B D, et al. Prediction of the
penetrometer resistance of soils with models with few
parameters[J]. Geoderma, 2007, 137(3/4): 370-377.
Gao W D, Whalley W R, Tian Z C, et al. A simple
model to predict soil penetrometer resistance as a
function of density, drying and depth in the field[J]. Soil
and Tillage Research, 2016, 155: 190-198.

Hu C X, Zhang D L, Huang Z B, et al. The vertical
microdistribution of cyanobacteria and green algae
within desert crusts and the development of the algal
crusts[J]. Plant and Soil, 2003, 257(1): 97—-111.

[29]

[30]

[31]

[32]

[33]

Mager D M. Carbohydrates in cyanobacterial soil crusts
as a source of carbon in the southwest Kalahari,
Botswana[J]. Soil Biology and Biochemistry, 2010,
42(2): 313-318.

Aggarwal P, Choudhary K K, Singh A K, et al
Variation in soil strength and rooting characteristics of
wheat in relation to soil management[J]. Geoderma,
2006, 136(1/2): 353-363.

G e e SN YN SR e SN Ei15 A O] L
Y, 1988, 25(1): 59-65.

Watts C W, Clark L J, Poulton P R, et al. The role of
clay, organic carbon and long-term management on
mouldboard plough draught measured on the Broadbalk
wheat experiment at Rothamsted[J]. Soil Use and
Management, 2006, 22(4): 334-341.

Felde, Vincent J M N L, Drahorad, Sylvie L,
Felix-Henningsen, Peter, Hoon, Stephen R. Ongoing
oversanding induces biological soil crust layering - A
new approach for biological soil crust structure
elucidation determined from high resolution penetration

resistance data[J]. Geoderma, 2018, 313: 250-264.

http://soils.issas.ac.cn




<<
  /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 600
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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


