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A minireview on adaption of young leaf redness
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Abstract: It is well known that the leaves of many woody plant species flush red rather than green during
particular stages across their life span. Non-green leaf coloration caused by active synthesis of anthocyanin in
plant organs at these stages costs the plant significant resources and energy, resulting in a reduction of pri-
mary photosynthesis. Therefore, it is likely that the coloration change is an active process and not simply a
by-product of metabolism. Various hypotheses formulated to explain the potential reasons for coloration
change can be divided into two categories: (1) those that suggest it is physiological adaptation for resistance
to severe environments (high light, drought and low temperatures); and (2) those that suggest it protects
against herbivory damage (coevolution, unpalatability, camouflage and anticamouflage, etc.). To date, there
is no consensus on the relative validity of these ideas. The majority of previous work has focused on only a
few species and autumn leaf color change. The relatively few studies done on red young leaves in spring
mostly focused on red coloration as an independent visual signal. Future studies need to consider the chemi-
cal and mechanical defense of leaf redness, as well as the anthocyanins presented in other plant organs
(thorns, stems and particularly, flowers), which may experience similar selection as leaves. The quantifica-
tion of environmental factors and herbivore selection would be helpful in expansion our understanding in
young leaf redness.

Key words: red leaf; mechanical protection; community; herbivore; trade-off
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Bt X—MMRBEHIIE T AR,
1 ey E Rt

K =L R IR AR AR T H A,
T Ay () — P B I 4 . HR4E Archetti (2009a) % 4>
S35 7 Hh X 4004 J& 2,368 Fh R Al P it 47 G it
Horr g 2029088053 J& 1701 J& ) i Fr EAK =
SEHU AW, 25 BB 12% (Archetti et al,
2009). FE/S 3 H X 5] 411 5 [ A5 DA% 22, 2D AR
AR EL A o Mt S A 70% (Lee et al, 2003).

BBk 4b, AT 2T DL £ 0 4 A (Photinia >
fraseri) £ 1€ (Osmanthus fragrans) « 1 B
(Cinnamomum bodinieri)5& Z& W H ) ) 224 -t
BINLE . FID KRG REELM TR
T 22 #0046 HR 7E #4H FAK (Coley, 1983; Coley & Aide,
1989; Coley & Barone, 1996; Coley & Kursar, 1996).
FE 4 Dominy % (2002) I 2738, FZ=LL a4t 4 Fh (1)
ECAIZEAN [F) 3 X AR A BOR, FET7-62% 2 18] o 1Z 30
AE A LI I RPHATIEDH I — Le R bR
i S SR AL I | R EARGR T /R D PO S E 2
(51-62%), TEKIE M (7-36%) .

2 AMEENEX

T 2 AT B T 4 S8 28 i A A 1 T [
(Wheldale, 1925; Sanger, 1971; Stone, 1979; Gould et
al, 1995; Lee, 2002). HI AR FLFRH: —J71H ] e
e BT AR A R e E Gk K F R
(Whatley, 1992; Coley & Kursar, 1996; Hughes et al,
2008), fH4FH RISk EAHX AN, 3 —J7 T nl g
st R E N A T A A RK B e T =
(Sanger, 1971; Lee, 2002), [Afij &30 H 21 €8,

FEAL G R, L O NI
SR RARE ) —F I 4, 2 HA B R SRS
12 B AR I 2 I SR 1 B th (Lee & Gould, 2002;
Ougham et al, 2005). {EEMF7ERKH, KL ATH
A A T R B, TR Pl B A 20
RIE R A RT3 77 2T AERE A B,
() B Py A% 1 A9, 4 4548 06 & 203 B& IS (Archetti
2000; Hamilton & Brown, 2001), %7 B A+ & 5t
FARHT, AN LS RHC R ? F3&
IR H 7R Z A B UK R IX — BB o Archetti
(2009b) ¥4 51125 1 102 FhAH S B, RERT 23 9 LA

INLES

B —RERYN N, AR T RO EHEAEDY)
WEEME . e FURET e, A A HIGIR I
TAETE R0 LUK G RE L b o FARE LS e B IR
B, AR (R AR S Bl A0 28 1 4 H (Oberbauer &
Starr, 2002; Becker et al, 2014); G A$#2H EA4E
T 2 0 AR A A A 7K 35, B i i 52 il
()1 3% 77(Chalker-Scott, 1999, 2002). &4 ZE A
N, AR 2 5 ToHUE FR 7K K (Masram et
al, 2015). fEMCEMER UL H, S6ORY i (Photopro-
tection Hypothesis) 3 2| T 4 2 1) %7E . Gould %
(1995) 3, F675 il 49 A7 75 38 iz 40 g vh % ik
B R BH A4 50 e, BE R E I PR A E A
48 E HH 2R PR 6 84K (photooxidation) AT 6 01 il
(photoinhibition) X T I T, AH T EH TR EH]
WANVE TRV IS AT . — 25k K
AT — B WLee(2003) 12 T 3
FE] I 5% 4 ZE M R 8O PN AR A, R IR 3 22 2 41
NHATE GRS EEZHHRENETRSEREMN
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(2002) KL E AL F I BLAR G FI AL B S IR,
B 52 B Am I 2w B EL /S, T HLAE 32 35986
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AT R R EA EEER.
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FELLM R B B EAE ISR
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AR, ZL o DA S o R, e dR
H T Pl 225 B 15’ (camouflage  hypothesis) (Stone,
1979; Juniper, 1993). A 2EH NN, HTHEHF
WHEA SSMAE R R O, A 5 2 T8 R
SR AN e ZE AT E AT A T e el A AR AR K
W, 31X 5k A ) b 25 3 B Ui (Anticamouflage  Hy-
pothesis) (Lev-Yadun et al, 2004). i& 224 A, H
TAEH R EAREAERIE, ™R R R AT AR
MG 3, IR IE F 1 22 145 136 (Unpalatability
Hypothesis) (Coley & Aide, 1989). fEIEMR UL,
1 Archetti®54 H i “FL A0 B 13 B KR % .
AT AR IR, FEA Rt AL A R T s A B
M, TR > & =R bR B e ) B s
(coevolution hypothesis) (Archetti, 2000; Hamilton &
Brown, 2001). HF B2 AKZRI% 6 1d a4 7= 51
B, AR AR R T AR W R B B AE 7 R AR R X
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IFSEZ(Lee & Collins, 2001; Chen & Huang, 2013). 5
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netas, 2006). B2 ¥ 3k 47 7E 1) £L it IR 5 B 4
M A AP AR R B ? HATIE A AN 4h
Wo CRRI AR KHR IR AR 2 (Coley,
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PRI BT R B AT RERIAH ORI 2=, A 22 Je ml A 3 pr
[ P 3 ST P [l YA R A [ VA AR, DA
SEA R Z B A PSS 2o AT BALRESOAS [A) R v
R [R] — P Ad, R 22 R 7 20 Bk R A [F] 3
DR S S BRI 3R B A PR AT,
R I ) R B M U A R AR (U RO IRL . AR KR
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SR FE H R ) 32 MG 0 1 R FA) R M) 5545
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HR A — A AT 2 4 R Ge 19 3 B4 I E
P SCRE, M2 B (R R T MESh ) ae 5 A
PR b X o3 20 RN 2R W 2 |l ST BIHF e vk
ZAI6ME T, 155Kk TAEH (Doring et al, 2009) &,
SRAE DN AT DA IE I o £ €8 0 B 0 0 B0URK 22 e >R U0
ZLth, (HE D BB IR . TR, Bk Z 2
IR RVE B A1) €58 % 5(Doring & Chit-
tka, 2007; Pegram et al, 2013; Whitney et al, 2016).
i B TR SO 0 A A, JRATT AT LA X v & 2
SN =T AR O R, &A1 B 0
AN [ 8 B JER R 22 57 (Chittka & Kevan, 2005). AR
W 3 PR € D BBURR X 3, VR R AN TR R A 20 AT
Oy AT RN L ZE R, AR AE E R
WEHE .

bR T AE R R By oA, R LAAMARIKFE A
To AWFRIN, 1EFFAA A3 [F — MR
ANFEIF, B R EIHIETE 4 —F(Schaberg et
al, 2003; Lev-Yadun, 2007; Cooney et al, 2012), %7
1, AT RUH] A AR AN R 23 B A6 [ Aol AR Bl
R BB AT E B, B AR ont G ST

Ry R, TR SR B R AR

Btz Ah, 72 CA 1 TAE T BAR R ILA AL
AU AORS (8] HAT — 58 BT, (H 23X A AL A
H ATE R ILAEM ] KF o B2 X AR LA N 2 5
WAELENE 2 AT DL i e B — 284> 8] A8 A0 ORI
Yok, X LD ORI R R AEBEAT € B 0 Hr, SE4H
BObAR D I AR

UbAh, TEHRIERT 2 m THM &R T (E.
M e RS —ROR, ERERMREZ EHE: 4
UAE ek A A SR S AR T 3R AT DA RO 51 A% R
H AT 3% # (Hoballah et al, 2007, Glover, 2011);
TEM P AR R T LR ThReZ AN, S KIN
B0 2K ¥ (Corydalis benecincta) V] L AE AL T 2K
ABEADL ] [ (1) 25 A A58 DAk /D IS X (Niu et al, 2014);
A 3 R B ZE W] U AE T 3= AF 9o i) &
.t (Lev-Yadun, 2001; Ronel & Lev-Yadun, 2012)
BB (Lev-Yadun & Gould, 2009). ZEAEH
R0 Z P Dy VA B T S HER O AL B AE S)
- ORAP R A2 v ST ) OR0S, RN R] LU R 2= )
TRAF . By 1k R FE SR AL IR AR .

LB

Aide TM, Londono EC (1989) The effects of rapid leaf expan-
sion on the growth and survivorship of a lepidopteran her-
bivore. Oikos, 55, 66-70.

Archetti M (2000) The origin of autumn colours by coevolu-
tion. Journal of Theoretical Biology, 205, 625—630.

Archetti M (2009a) Phylogenetic analysis reveals a scattered
distribution of autumn colours. Annals of Botany, 103,
703-713.

Archetti M (2009b) Classification of hypotheses on the evolu-
tion of autumn colours. Oikos, 118, 328-333.

Archetti M (2009¢) Evidence from the domestication of apple
for the maintenance of autumn colours by coevolution. Pro-
ceedings of the Royal Society B: Biological Sciences, 276,
2575-2580.

Archetti M, Doring TF, Hagen SB, Hughes NM, Leather SR,
Lee DW, Lev-Yadun S, Manetas Y, Ougham HJ, Schaberg
PG, Thomas H (2009) Unravelling the evolution of autumn
colours: an interdisciplinary approach. Trends in Ecology &
Evolution, 24, 166—173.

Becker C, Klaering HP, Kroh LW, Krumbein A (2014)
Cool-cultivated red leaf lettuce accumulates cyanidin
-3-0-(6-O-malonyl)-glucoside and caffeoylmalic acid. Food
Chemistry, 146, 404—411.

Chalker-Scott L (1999) Environmental significance of antho-
cyanins in plant stress response. Photochemistry and Photo-
biology, 70, 1-9.

Chalker-Scott L (2002) Do anthocyanins function as osmo-



1066 4 W £ K Biodiversity Science

524 %

regulators in leaf tissues? Advances in Botanical Research,
37, 104-129.

Chen YZ, Huang SQ (2013) Red young leaves have less
mechanical defence than green young leaves. Oikos, 122,
1035-1041.

Chittka L, Kevan PG (2005) Flower colours as advertisement.
In: Practical Pollination Biology (eds Dafni A, Kevan PG,
Husband BC), pp. 157-196. Enviroquest Ltd., Cambridge,
Ontario, Canada.

Coley PD (1983) Herbivory and defensive characteristics of
tree species in a lowland tropical forest. Ecological Mono-
graphs, 53, 209-234.

Coley PD, Aide TM (1989) Red coloration of tropical young
leaves: a possible antifungal defence? Journal of Tropical
Ecology, 5, 293-300.

Coley PD, Barone JA (1996) Herbivory and plant defenses in
tropical forests. Annual Review of Ecology, Evolution, and
Systematics, 27, 305-335.

Coley PD, Kursar TA (1996) Anti-herbivore defenses of young
tropical leaves: physiological constraints and ecological
trade-offs. In: Tropical Forest Plant Ecophysiology (eds
Mulkey SS, Wright SJ), pp. 305-336. Chapman and Hall,
New York.

Cooney LJ, van Klink JW, Hughes NM, Perry NB, Schaefer
HM, Menzies 1J, Gould KS (2012) Red leaf margins
indicate increased polygodial content and function as visual
signals to reduce herbivory in Pseudowintera colorata. New
Phytologist, 194, 488—497.

Dominy NJ, Lucas PW, Ramsden LW, Riba-Hernandez P,
Stoner KE, Turner IM (2002) Why are young leaves red?
Oikos, 98, 163-176.

Doring TF, Chittka L (2007) Visual ecology of aphids—a
critical review on the role of colours in host finding. Ar-
thropod—Plant Interactions, 1, 3—16.

Déring TF, Archetti M, Hardie J (2009) Autumn leaves seen
through herbivore eyes. Proceedings of the Royal Society B:
Biological Sciences, 276, 121-127

Glover BJ (2011) Pollinator attraction: the importance of look-
ing good and smelling nice. Current Biology, 21, 307-309.

Gould KS, Kuhn DN, Lee DW, Oberbauer SF (1995) Why
leaves are sometimes red. Nature, 378, 241-242.

Gould KS, Neill SO, Vogelmann TC (2002) A unified explana-
tion for anthocyanins in leaves? Advances in Botanical Re-
search, 37, 167-192.

Hamilton WD, Brown SP (2001) Autumn tree colours as a
handicap signal. Proceedings of the Royal Society B: Bio-
logical Sciences, 268, 1489-1493.

Hoballah ME, Guebitz T, Stuurman J, Broger L, Barone M,
Mandel T, Dell’Olivo A, Arnold M, Kuhlemeier C (2007)
Single gene-mediated shift in pollinator attraction in petunia.
Plant Cell, 19, 779-790.

Hoch WA, Singsaas EL, Mccown BH (2003) Resorption pro-
tection. Anthocyanins facilitate nutrient recovery in autumn
by shielding leaves from potentially damaging light levels.
Plant Physiology, 133, 1-10.

Holopainen JK, Semiz G, Blande JD (2009) Life-history strate-

gies affect aphid preference for yellowing leaves. Biology
Letters, 5, 603—605.

Hughes NM, Morley CB, Smith WK (2007) The coordination
of anthocyanin decline and photosynthetic maturation in
developing leaves of three deciduous tree species. New
Phytologist, 175, 675-685.

Hughes NM, Vogelmann TC, Smith WK (2008) Optical effects
of abaxial anthocyanin on absorption of red wavelengths by
understory species: revisiting the back-scatter hypothesis.
Journal of Experimental Botany, 59, 3435-3442.

Juniper B (1994) Flamboyant flushes: a reinterpretation of
non-green flush coloured leaves. In: International Dendrol-
ogy Society Yearbook 1993, pp. 49-57. London.

Karageorgou P, Manetas Y (2006) The importance of being red
when young: anthocyanins and the protection of young
leaves of Quercus coccifera from insect herbivory and ex-
cess light. Tree Physiology, 26, 613-621.

Karageorgou P, Buschmann C, Manetas Y (2008) Red leaf
color as a warning signal against insect herbivory: honest or
mimetic? Flora, 203, 648—-652.

Lee DW (2002) Anthocyanins in autumn leaf senescence. Ad-
vances in Botanical Research, 37, 147-165.

Lee DW, Collins TM (2001) Phylogenetic and ontogenetic
influences on the distribution of anthocyanins and beta-
cyanins in leaves of tropical plants. International Journal of
Plant Sciences, 162, 1141-1153.

Lee DW, Gould KS (2002) Why leaves turn red. American
Journal of Science, 90, 524-531.

Lee DW, O’Keefe J, Holbrook NM, Feild TS (2003) Pigment
dynamics and autumn leaf senescence in a New England de-
ciduous forest, eastern USA. Ecological Research, 18,
677-694.

Lev-Yadun S (2001) Aposematic (warning) coloration associ-
ated with thorns in higher plants. Journal of Theoretical Bi-
ology, 210, 385-388.

Lev-Yadun S (2006) Defensive functions of white coloration in
coastal and dune plants. Israel Journal of Plant Sciences, 54,
317-325.

Lev-Yadun S (2009) Aposematic (warning) coloration in
plants. In: Plant-Environment Interactions (ed. Baluska F),
pp. 167-202. Springer, Berlin, Heidelberg.

Lev-Yadun S, Dafni A, Flaishman MA, Inbar M, Izhaki I, Kat-
zir G, Ne’eman G (2004) Plant coloration undermines her-
bivorous insect camouflage. Bioessays, 26, 1126—-1130.

Lev-Yadun S, Halpern M (2008) External and internal spines in
plants insert pathogenic microorganisms into herbivore’s
tissues for defense. In: Microbial Ecology Research Trends
(ed. Dijk TV), pp. 155-168. Nova Biomedical Books, New
York.

Lev-Yadun S, Gould KS (2009) Role of anthocyanins in plant
defence. In: Anthocyanins: Biosynthesis, Functions, and
Applications (eds Winefield C, Davies K, Gould K), pp.
22-28, Springer Science+Business Media, New York.

Lev-Yadun S, Yamazaki K, Holopainen JK, Sinkkonen A
(2012) Spring versus autumn leaf colours: evidence for dif-
ferent selective agents and evolution in various species and



9 1

WRAUE AN XK 2L E gl B I R 5 SRS 1067

floras. Flora, 207, 80-85.

Manetas Y (2006) Why some leaves are anthocyanic and why
most anthocyanic leaves are red? Flora, 201, 163—-177.

Masram RS, Patil AA, Kadamand SR, Shewale BY (2015)
Effect of fertilizer levels on leaf reddening in Bt and non-Bt
cotton. An Asian Journal of Soil Science, 10, 1-12.

Neill SO, Gould KS (2003) Anthocyanins in leaves: light at-
tenuators or antioxidants. Functional Plant Biology, 30,
865-873.

Niu Y, Chen G, Peng DL, Song B, Yang Y, Li ZM, Sun H
(2014) Grey leaves in an alpine plant: a cryptic colouration
to avoid attack? New Phytologist, 203, 953-963.

Novak AB, Short FT (2011) UV-B induces leaf reddening and
supports photosynthesis in the seagrass Thalassia testudi-
num. Journal of Experimental Marine Biology and Ecology,
409, 136-142.

Numata S, Kachi N, Okuda T, Manokaran N (2004) De-
layed greening, leaf expansion and damage to sympatric
Shorea species in a low land rain forest. Journal of Plant
Research, 117, 19-25.

Oberbauer SF, Starr G (2002) The role of anthocyanins for
photosynthesis of Alaskan arctic evergreens during snow-
melt. Advances in Botanical Research, 37, 129-145.

Ougham HJ, Morris P, Thomas H (2005) The colors of autumn
leaves as symptoms of cellular recycling and defenses
against environmental stresses. Current Topics in Develop-
mental Biology, 66, 135-160.

Pegram KV, Lillo MJ, Rutowski RL (2013) Iridescent blue and
orange components contribute to the recognition of a multi-
component warning signal. Behaviour, 150, 321-336.

Ramirez CC, Lavandero B, Archetti M (2008) Coevolution and
the adaptive value of autumn tree colours: colour preference

and growth rates of a southern beech aphid. Journal of Evo-
lutionary Biology, 21, 49-56.

Ronel M, Lev-Yadun S (2012) The spiny, thorny and prickly
plants in the flora of Israel. Botanical Journal of the Linnean
Society, 168, 344-352.

Ruiz N, Ward D, D Saltz (2002) Responses of Pancratium
sickenbergeri to simulated bulb herbivory: combining de-
fence and tolerance strategies. Functional Ecology, 90,
472-479.

Sanger J (1971) Quantitative investigations of leaf pigments
from their inception in buds through autumn coloration to
decomposition in falling leaves. Ecology, 52, 1075-1089.

Schaberg PG, Berg AKVD, Murakami PF, Shane JB, Donnelly
JR (2003) Factors influencing red expression in autumn fo-
liage of sugar maple tree. Tree Physiology, 23, 325-333.

Stone BC (1979) Protective coloration of young leaves in cer-
tain Malaysian palms. Biotropica, 11, 126.

Ward D, Spiegel M, Saltz D (1997) Gazelle herbivory and in-
terpopulation differences in calcium oxalate content of
leaves of a desert lily. Journal of Chemical Ecology, 23,
333-346.

Whatley JM (1992) Plastid development in distinctively col-
oured juvenile leaves. New Phytologist, 120, 417—426.

Wheldale M (1925) The Anthocyanin Pigments of Plants, 2nd
edn. Cambridge University Press, Cambridge.

Whitney HM, Reed A, Rands SA, Chittka L, Glover BJ (2016)
Flower iridescence increases object detection in the insect
visual system without compromising object identity. Current
Biology, 26, 802—808.

(GUEHZ: BOWE TUESHM: )




<<
  /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 /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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

  /Description <<
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [3000 3000]
  /PageSize [595.276 841.890]
>> setpagedevice


