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Abstract: The study was carried out in Pocheon-si, Gyeonggi-do from March to December in 2019 to compare and
analyze the water use strategies of two co-occurring tree species, Pinus densiflora and Quercus serrata, both native
and dominant in Korea's forest ecosystems. Through seasonal changes, we measured environmental variables such as
air temperature, relative humidity, precipitation, net radiation, and soil water content. Sap flow densities of P.
densiflora (n = 6) and Q. serrata (n = 3) were measured, along with environmental variables. The maximum sa pflow
density for Q. serrata almost doubled that of P. densiflora during the growing season, while the maximum sap flow
densities in both Q. serrata and P. densiflora peaked in September and August, respectively. Net radiation and vapor
pressure deficit, but not air temperature, were the major environmental variables significantly affecting sap flow
density. Analysis of hysteresis revealed that P. densiflora exhibited isohydric behavior, while Q. serrata showed
anisohydric behavior. Analysis of crown conductance revealed similar trends as sap flow density, i.e., the crown
conductance of Q. serrata was twice that of P. densiflora during the growing period. The study compared and
analyzed the water use strategies between two co-occurring species. To better understand the underlying mechanisms
of water use, more research on both physiological and morphological traits are needed.
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Figure 1. Location of study site, Pocheon. The Red square
indicates the study site. The blue and yellow circles in the red
square represent Pinus densiflora subplot and Quercus serrata
subplot, respectively.
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Table 1. DBH and BA of target species(PD and QS represent P. densiflora and Q. serrata, respectively).

PD DBH(cm) BA(cm?) Qs DBH(cm) BA(cm?)

1 36.8 1063.1 1 45.9 1653.8

2 32.9 849.7 2 41.0 1319.6

3 312 764.2 3 51.6 2090.1

4 34.8 950.7

5 403 1274.9

6 512 2057.8

Mean 37.8 1160.1 Mean 46.2 1687.8

Abz OF 10~15= B2 2k 8?"31:} B AP‘*EOM Tl G2 AER, 71832 st 719k FysiA
pH= 4.51(0.03), f71& T2 8.9%(+0.32), 12|t gt dlol= dAo] Al 4 HAAXIT F
A= 1.04 g/em’(20.03)ch Z*HL W AU, &H»}T, ARHE-S FEl AR o)F HXTt whE A, GRelA]
ST S-S S5k dio] 9 99S AR5t o @2 dS wiot, AR £wr =Y A, A2
A Utk TEZ= FHE, 2HAUE, ey A& wistA et o, X} 7|ER oA WAt ==
5, 7HAErE Fol ASsial Sl vl 3 ¢l ALg olgsto] FHFE ARttt & B3RS 50 55
2ol s A @1t AA7F FLsioharl wetE= 2| Hof o= of AA UL E, dFulE U= 7R EekiE T2
T RAEE 1I704 ]Sk chFigure 1). U YR HAYA AARFA Y] 1S Hag)siglnh sHEd e =
I ZXE AR W A=, AU 62 S ofgf o] Ao 2 AALEGITE HolE = 30&nttt 4%
3RS AY dde s AAstdnh AuFe] Hdt FaLA o 30&mtct Fatgko] dlolE 2A ) A=A
Z(DBH)- 37.8 ecm(31.2~51.2 cm)o] i ZX o] Ht
DBHE 46.2 cm(41.0~51.6 cm)QITh Ao A T Ji (g m? )= 119 x 10° X [(ATmx — AT) / AT]"' (1)
SHHBA)S 1160.1 cm’t], EF}Eo] HF BA:=
1687.8 cm®$ tHTable 1). o] 7| A, Js

7 A0A &3 3) olg o(HyStereSIS)-"} 74 A3

7] Z&=(Ta: °C), FHFE=RH: %), =HAFFR: oS A& /%JEP—% =0} 7]/ 4= Ato]ofl A,
m?), Z5=#(Rainfall: mm)o] $7 HpR 0] 45 ‘RiL, 3 Z} Tt 5<JEH7<l°ﬂ e o AYsH= ARFE ofn|gitt
5}427]QPAH(VPD: KPa)l= RHO} Ty 2 ol§3to] A4kl (Wang et al, 2019). o] @AL S4} E Froidm =0}
ek S 714 SAUAL AUSRU AT AL E AU AN fetol, olv] e AeAet
arholol ) 24E ARE AT, EYSIEWC:  Bol A wlshA WAL e B4bo|chZeppel ct al.,
m’ m?)Q] AL, 4=FH AL Lultt EOF Z1o] 0~20 cmA} 2004; Ewers et al., 2005; O’ Grady et al., 2008). o|= A&
olof AR ¥ 2~47]19] EoFE AllA(S-SMC-M005, Onset o] £B o] g, £B o]lf a8 181 B 8 v
Computer Corp., Pocasset, MA)YE ©0]83}o] A3 A7 & A S HEed e 4= Q)rH(Zhang et al,, 2014). o]|E&Ato| 7]
gt WRghe AEsRt, S %—Rf& e 9] 24} Bl sojkuro] A
ol 2 7] s Eeh wEAL of WSt AR}
2) ML = (Sapflow density) &3 o|ti(Zhang et al., 2019). A& 59|, $HEYUE O] A=0|
FOSUEE S5 9] GLUFHN Granier WA WAISIIL VPDO] Aol WhAIsHr] ofuf 471 4]
E}e] MAE 42819 CHGranier, 1987). Granier EFY] AllA] L2 QlE| LW E ol VPDO] o] HHARS AlA| WHEke]
£ 7o) 20 mmel F Ao] wHom pAue] gov] st XS melrk Eak o] WAL AlEo] HEdt SR &
= dgoln ohe st |Egol of £ e BAe Ao} 948 WA e shte] wol VKo mE o

=719} 20| A AA)5he, e 10~15 eme] A S # QJtHChen et al., 2011).
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AT 9 ) 07t ol A1 BAURES
HAS 2AT 4 glolch R, 7130 v 54
5171 190 G.& olfel 412 olg 3ol ThstchEwers e
al., 2005)

Gs(mmol m? s7) = % )

7)1 A Ko ATAZ(115.8 = 0.4236 (Ty) kPa m® kg™)
ojw, ol= F&= A, 713 I, 44 dEelA e 3]
HYg, 22| F7] WE=E ou|gtcK(Phillips and Oren
1998). Ta= th7] 2E=(°C)0lH, Er = SAES onigich
SEA|EE o] Agtoll A HAE ST 4= JS7] wZell
JE EL 9] ZE2AE AR89 tH(Meinzer et al., 2013). Gs
o] 9] Pearcy et al.(1989)2] Alo] ol m s'oA] mmol
m” 5" 2 HIAE Ik STAEEE AL ) G P
7} Gl m A= S F435H7] Y8l Ryo] 400 W m”
0] 4H(10:00~16:00 A)2! uj, J,2} VPD(>0.5 kPa)= A}&-3}
A tHEwer and Oren, 2000; Meinzer et al., 2013).

5) A &4

SUHReE SRS S 0f 4
3}7] Q) t-test2 AFLFI AL, ool
A5k flsf SRS ARSI
B g2 73 R(R Core Team, 2021)S E35}o] 3P =31
, B o a=0.05014 At
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= 8°C°1 , o %-_f_" 2=
29.6°C, & d Bt LEe 87CHTE FATFES
961.2 mm31L, 7HO] 7o) 337.5 mmE 7Hg Wbk
A+ RHE 68.6%(28.6-99.6%), VPD= 0.52 KPa(0.01-
1.81 KPa), R, 1144 W m?(-2.37-263.4 W m?H)gc}
SWCE AUE ZAA 029 m® m™>(0.21-0.43 m® m™),
Z3E ZAFLO A 0.31 m® m?(0.24-0.44 m® m™)¢JTh.
SWCE= F+ % 27 6¥of 7P w@etew, 749 w7t
2 Fof 71 Etck(Figure 2).
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Figure 2. Environmental variables in 2019. a, b, ¢, d, e, and
f represent air temperature, rainfall, relative humidity, vapor
pressure deficit, net radiation, and soil water contents,
respectively. PD, QS, and DOY on Figure f mean Pinus
denisflora, Quercus serrata, and day of year, respectively.
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Figure 4. The relationship between sapflow density and environ-
mental variables. Pinus densiflora (left) with VPD(a), Rn(b) and
TA(c), and Quercus serrata (right) with VPD(d), Rn(e) and
TA().
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Figure 5. Hysteresis with VPD(left) and Rn(right) in July(from
186 to 190 in DOY). PD and QS represent Pinus densiflora
and Quercus serrata, respectively. The arrows indicate rotation
directions.
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respectively. The error bars indicate standard errors.

G (mmol m2s")
N A OO
o o = [ =

Jun Jul Aug Sep Oct Nov

Time

A9l 6Hol= M 59 A =7} PPFD(photosynthe-
tic photon flux density)2] Z7}2} H]#|5}o] A& F715}1A]
ok 7% A]7]9) 8ojli= PPFD] Z7lolw B5a 43k
AETl ZastAY Z27k6kA] gttt o]l 7128 x4
Sto] HETE 4B &A% £0]31 hydraulic failureS HH4]
317) ¢stolgta et
FHRe) SRHEEE A U9 498 Aold BE
ol A auRe] SEAEERT S8 EUTHp<
0.05). AR $=HAEEE g¥o 70.7 mmol m” 5’2
7H =9kar 7o) 39.3 mmol m! sTo& 7} vl
I8, 23RS 690f 1312 mmol m? s'2 P& =9k
590] 92.4 mmol m” s'&2 7} Witk AUl 23
L}%L 2k7t 893} 690 7MY £ SRS HYA
ol oh2 23} vlwsle] EA A0 Z 2ol7F Q1 AU
o) SRR} 7ol 7HY ok A B A2t 7
A AFI(SWC<0.25), T 1 & 7397} %= o] RH7}
OFA|3L o]of] VPD7} wolR 7] wjizoletal Az &
HE2] 79 sl 78 Wkt ol= gl ARk
Al71017] wfjZoletal AzEth

Lo ¢

o

rlr o m}r

z =

2 Aol A= vt st Q= tHEHS F
59 i o8 AES vl EASI £ ] 4
XA SATHA] LA FASUE, o|HAEA, 11
2ol FHHEES o] 8ste] F 59 7 o8 HEs
A5 A= Az dg8l 718-S 28ste] 4
+ £4& Fo|= isohydric WS o]-&aklaL, 3
= 7152 ALA dojfFo] SARS %Zlﬂ% anisohy-
dric % 2 B4 A

HE ol g H B A Tx
*IQF

At ol HgskAt). o] Aol A



£ 5 o) SolsuEet SYPIEERHS uEsheA
u, A 7|5l thghe $EE] 43 olgo] Wet
o 7121 AT QAL BAEIUA, SR8 E
£ 793 FAAT 2 O Hd SR oke
o 4T 53 2e Fed EAS B ATE Lol
Salojof & olth

References

Chang, H., Han, S.H., An, J., Park, M.J. and Son, Y. 2019.
Relationship between soil water and physiological and
growth responses of Pinus densiflora seedlings under
open-field experimental warming and precipitation mani-
pulation. Journal of Climate Change Research 10(2):
145-152.

Chen, L., Zhang, Z., Li, Z., Tang, J., Caldwell, P. and Zhang,
W. 2011. Biophysical control of whole tree transpiration
under an urban environment in Northern China. Journal
of Hydrology 402(3-4): 388-400.

Chun, J.H. and Lee, C.B. 2013. Assessing the effects of climate
change on the geographic distribution of Pinus densiflora
in Korea using ecological niche model. Korean Journal
of Agricultural and Forest Meteorology 15(4): 219-233.

Ewers, B.E., Gower, S.T., Bond-Lamberty, B. and Wang, C.K.
2005. Effects of stand age and tree species on canopy
transpiration and average stomatal conductance of boreal
forests. Plant, Cell & Environment 28(5): 660-678.

Ewers, B.E. and Oren, R. 2000. Analyses of assumptions and
errors in the calculation of stomatal conductance from sap
flux measurements. Tree Physiology 20(9): 579-589.

Fauset, S., Freitas, H.C., Galbraith, D.R., Sullivan, M.J., Aidar,
M.P., Joly, C.A. and Gloor, M.U. 2018. Differences in
leaf thermoregulation and water use strategies between
three co-occurring Atlantic forest tree species. Plant, Cell
& Environment 41(7): 1618-1631.

Granier, A. 1987. Evaluation of transpiration in a Douglas-Fir
stand by means of sap flow measurements. Tree Physi-
ology 3(7): 309-319.

Han, S.H. and Shin, S.J. 2020. Effects of increased temperature
and CO, concentration on biomass and physiological
changes in Pinus densiflora and P. thunbergii seedlings.

0] 48 o]g e ulm

jS

4 391

Forest Bioenergy 30(1): 21-28.

Harayama, H., Kitao, M., Agathokleous, E. and Ishida, A.
2019. Effects of major vein blockage and aquaporin in-
hibition on leaf hydraulics and stomatal conductance.
Proceedings of the Royal Society B 286(1904): 20190799.

Klein, T. 2014. The variability of stomatal sensitivity to leaf
water potential across tree species indicates a continuum
between isohydric and anisohydric behaviours. Functional
Ecology 28(6): 1313-1320.

Ko, S.Y., Sung, J.H., Chun, J.H., Lee, Y.G. and Shin, M.Y.
2014. Predicting the change of yearly productive area
distribution for Pinus densiflora in Korea based on climate
change scenarios. Korean Journal of Agricultural and
Forest Meteorology 16(1): 72-82.

Korea Forest Research Institute. 2014. Predicting the changes
of productive areas for major tree species under climate
change in Korea. pp. 240.

Lee, C.S., Lee, W.K., Yoon, J.H. and Song, C.C. 2006. Dis-
tribution pattern of Pinus densiflora and Quercus spp.
stand in Korea using spatial statistics and GIS. Journal
of Korean Forest Society 95(6): 663-671.

Lee, S.J., Han, S., Yoon, TK., Jo, W., Han, S.H., Jung, Y.
and Son, Y. 2013. Changes in chlorophyll contents and
net photosynthesis rate of 3-year-old Quercus variabilis
seedlings by experimental warming. Journal of Korean
Society of Forest Science 102(1): 156-160.

Lee, WK., Gadow, K.v., Chung, D.J., Lee, J.L. and Shin,
M.Y. 2004. DBH growth model for Pinus densiflora and
Quercus variabilis mixed forests in central Korea. Ecolo-
gical Modeling 176(1/2): 187-200.

Lee, WK., Seo, J.H. and Bae, S.W. 2000. Maximum stem num-
ber and mortality model for even-aged Pinus densiflora
stand in Kangwon-Province, Korea. Journal of Korean
Forest Society 89(5): 634-644.

Lee, WK., Seo, J.H., Son, Y.M., Lee, K.H. and Gadow, K.v.
2003. Modeling stem profiles for Pinus densiflora in Korea.
Forest Management and Ecology 172(1): 67-77.

Lee, Y.G., Sung, J.H., Chun, J.H. and Shin, M.Y. 2014. Effect
of climate changes on the distribution of productive areas
for Quercus mongolica in Korea. Journal of Korean Forest
Society 103(4): 605-612.

Liu, X., Zhang, B., Zhuang, J.Y., Han, C., Zhai, L., Zhao,
W.R. and Zhang, J.C. 2017. The relationship between sap
flow density and environmental factors in the Yangtze
River delta region of China. Forests 8(3): 74.

Martin-Benito, D., Anchukaitis, K.J., Evans, M.N., Del Rio,
M., Beeckman, H. and Cafiellas, . 2017. Effects of drought
on xylem anatomy and water-use efficiency of two co-



392 BREILAMRRIZ2 S5

occurring pine species. Forests 8(9): 332332.

Matyssek, R., Kozovits, A.R., Wieser, G., Augustaitiene, 1. and
Augustaitis, A. 2014. Biological reactions of forests to cli-
mate change and air pollution. European Journal of Forest
Research 133(4): 671-673.

Meinzer, F.C., Woodruff, D.R., Eissenstat, D.M., Lin, H.S.,
Adams, T.S. and McCulloh, K.A. 2013. Above-and below-
ground controls on water use by trees of different wood
types in an eastern US deciduous forest. Tree Physiology
33(4): 345-356.

Mellander, P.E., Bishop, K. and Lundmark, T. 2004. The in-
fluence of soil temperature on transpiration: a plot scale
manipulation in a young Scots pine stand. Forest Ecology
and Management 195(1-2): 15-28.

O’Grady, A.P., Worledge, D. and Battaglia, M. 2008. Con-
straints on transpiration of Eucalyptus globulus in southern
Tasmania, Australia. Agricultural and Forest Meteorology
148(3): 453-465.

Oogathoo, S., Houle, D., Duchesne, L. and Kneeshaw, D. 2020.
Vapour pressure deficit and solar radiation are the major
drivers of transpiration of balsam fir and black spruce tree
species in humid boreal regions, even during a short-term
drought. Agricultural and Forest Meteorology 291: 108063.

Pallas Jr, J., Michel, B.E. and Harris, D.G. 1967. Photosyn-
thesis, transpiration, leaf temperature, and stomatal activity
of cotton plants under varying water potentials. Plant
Physiology 42(1): 76-88.

Pappas, C. et al. 2018. Boreal tree hydrodynamics: asynchro-
nous, diverging, yet complementary. Tree Physiology 38(7):
953-964.

Park, M.J., Yun, S.J., Yun, HM., Chang, H., Han, S.H., An,
J. and Son, Y. 2016. Effects of open-field artificial war-
ming and precipitation manipulation on physiological cha-
racteristics and growth of Pinus densiflora seedlings.
Journal of Climate Change Research 7(1): 9-17.

Pearcy, R.W., Ehleringer, J., Mooney, H.A. and Rundel, P.W.
1989. Plant Physiological Ecology: field methods and in-
strumentation. 1st Ed. Chapman and Hall. London. UK.
pp- 457.

Phillips, N. and Oren, R. 1998. A comparison of daily represen-
tations of canopy conductance based on two conditional
time-averaging methods and the dependence of daily
conductance on environmental factors. Annals of Forest
Science 55(1-2): 217-235.

R Core Team. 2021. R: A language and environment for
statistical computing. R Foundation for Statistical Com-
puting, Vienna, Austria. https://www.R-project.org/.

Sanchez-Costa, E., Poyatos, R. and Sabaté, S. 2015. Contras-

A11E A35 (2022)

ting growth and water use strategies in four co-occurring
Mediterranean tree species revealed by concurrent mea-
surements of sap flow and stem diameter variations.
Agricultural and Forest Meteorology 207: 24-37.

Seo, J.H., Lee, W.K., Son, Y. and Ham, B.Y. 2001. Dynamic
growth model for Pinus densiflora stands in Anmyun-
island. Journal of Korean Society of Forest Science 90(6):
725-733.

Song, W., Park, G.E,, Je, SM., Kim, SH. and Lim, J.H. 2020.
Growth and physiological characteristics of Abies koreana,
Pinus densiflora, Quercus serrata seedlings under elevated
temperature and CO, concentration. Journal of Climate
Change Research 11(1): 1-9.

Schifer, K.V. 2011. Canopy stomatal conductance following
drought, disturbance, and death in an upland oak/pine
forest of the New Jersey Pine Barrens, USA. Frontiers
in Plant Science 2: 15.

Wang, H., Guan, H., Deng, Z. and Simmons, C.T. 2014. Opti-
mization of canopy conductance models from concurrent
measurements of sap flow and stem water potential on
Drooping Sheoak in South Australia. Water Resources
Research 50(7): 6154-6167.

Wang, H., Tetzlaff., D. and Soulsby, C. 2019. Hysterestic res-
ponse of sap flow in Scots pine(Pinus sylvestris) to mete-
orological forcing in a humid low-energy headwater catch-
ment. Ecohydrology 12(6): €2125.

Wieser, G., Grams, T.E., Matyssek, R., Oberhuber, W. and
Gruber, A. 2015. Soil warming increased whole-tree water
use of Pinus cembra at the treeline in the Central Tyrolean
Alps. Tree Physiology 35(3): 279-288.

Zeppel, M.J., Murray, B.R., Barton, C. and Eamus, D. 2004.
Seasonal responses of xylem sap velocity to VPD and
solar radiation during drought in a stand of native trees
in temperate Australia. Functional Plant Biology 31(5):
461-470.

Zeppel, M.J., Taylor, A., Macinnis-Ng, C. and Eamus, D. 2010.
Rates of nocturnal transpiration in two evergreen temperate
woodland species with differing water-use strategies. Tree
Physiology 30(8): 988-1000.

Zhang, Q., Manzoni, S., Katul, G., Porporato, A. and Yang,
D. 2014. The hysteretic evapotranspiration—vapor pressure
deficit relation. Journal of Geophysical Research: Biogeo-
sciences 119(2): 125-140.

Zhang, R., Xu, X., Liu, M., Zhang, Y., Xu, C.,, Yi, R. and
Soulsby, C. 2019. Hysteresis in sap flow and its controlling
mechanisms for a deciduous broad-leaved tree species in
a humid karst region. Science China Earth Sciences 62(11):
1744-1755.



RSB BRI AR} BHHTO] S8 o] g ek ulm A 303
Zheng, C. and Wang, Q. 2015. Seasonal and annual variation cooceurring Liquidambar formosana Hance and Quercus
in transpiration of a dominant desert species, Haloxylon variabilis Blume in a temperate forest, Central China.
ammodendron, in Central Asia up-scaled from sap flow Ecohydrology 10(4): e1828.
measurement. Ecohydrology 8(5): 948-960.
Zheng, H., Wang, Q., Zhu, X., Li, Y. and Yu, G. 2014. Hy-
steresis responses of evapotranspiration to meteorological Manuscript Received : April 11, 2022
factors at a diel timescale: patterns and causes. PLoS One First Revision : June 22, 2022

Second Revision : July 19, 2022

9(6): e98857. Accepted : August 1, 2022

Zhy, L., Hu, Y., Zhao, X., Zeng, X., Zhao, P., Zhang, Z.,
and Ju, Y. 2017. The impact of drought on sap flow of




<<
  /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


