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The Responses of Oncidium Cut Flowers to Ethylene and 1-MCP!

Chao-Chia Huang®* and Robert E. Paull®

Abstract

Huang, C. C. and R. E. Paull. 2009. The responses of Oncidium cut flowers to ethylene and 1-MCP. J. Taiwan
Agric. Res. 58:1-6.

The ethylene production by Oncidium ‘Gower Ramsey’ buds and florets and response to
1-methylcyclopropene (1-MCP) were investigated. Small flower buds produced little ethylene
(0.12 nL g hr'") and the production declined to being undetectable as the bud grew and became a
floret. Ethylene production increased again as the floret began to senesce. A peak of ethylene
production occurred (1.5 nL g” hr') at the half senescent floret stage. The rises in ethylene
production occurred after the start of floret senescence. Floret buds were more sensitive to
exogenous ethylene than the floret, as it took 5 versus 7 days for senescence symptoms to appear at
0.03 nL mL"' exogenous ethylene. ~The ethylene inhibitor, 1-MCP was effective in prolonging the
vase life of both ethylene-treated and non-ethylene-treated cut sprays. When 1-MCP was applied
again after 7 days to the same sprays, senescence symptom development was further delayed.
Concentration of 1-MCP as low as 235 nL m™ which was one fourth of the concentration
recommended for commercial use extended vase life. Bud opening also increased following
1-MCP treatment in ethylene-treated sprays. No difference in response to 1-MCP treatment was
found when the treatment was varied from 2 to 12 h and from 10C to 28°C. A treatment with

1-MCP was a useful tool to extend vase life of Oncidium cut flower sprays.
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Introduction
The bicolored Oncidium hybrid ‘Gower Ramsey’ is

popular both as a cut flower spray and as a potted plant.

However, researches on the postharvest physiology of
Oncidium cut flower sprays were rather limited. Goh
et al. (1985) reported that the sensitivity of Oncidium
cut flower to ethylene was low. Huang (1998)
observed that removal of the pollenia cap of ‘Gower
Ramsey’ Oncidium floret resulted in ethylene
production and a reduction in vase life. The vase life
was also shortened when treated with 1 nL mL’
ethylene. Small Oncidium flower buds produce little
ethylene, and the production increases as the floret

begins to wilt and senesce. A peak of ethylene pro-
duction is reported to occur during senescence (Song
1997). However, the relationship between ethylene
production and exposure to exogenous ethylene, and
Oncidium bud development and floret senescence is
unclear.

The ethylene inhibitor, 1-Methylcyclopropene (1-
MCP) has been widely used to inhibit detrimental effects
of ethylene on flower senescence (Serek et al. 1995;
Blankenship & Dole 2003). Here, we report that 1-MCP
is effective on prolonging the vase life of Oncidium cut
flower. The conditions of 1-MCP treatment such as con-
centration, treatment temperature, and treatment time were
determined.
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Materials and Methods

Plant Material

‘Gower Ramsey’ Oncidium sprays were obtained on the
day of harvest direct from growers. The flower buds and
florets were cut from the inflorescence and sorted into 10
different developmental stages. Buds were sorted into 5
stages of development from very small to large buds:
Stage 1: buds had a diameter between 3.5 to 4.5 mm, Stage
2: 4.5 to 5.5 mm, Stage 3: 7.5 to 9.5 mm, Stage 4: 9.5 to
11.0 mm, and Stage 5: 12.5 to 15.5 mm. Floret develop-
mental stages were ranked from 6 to 10 for florets that
were partially open to the full open stage. Floret senes-
cence was ranked from 10: full open with no senescence
symptoms, 8: start of senescence, 4: half senesced, 2: se-
nesced, and, 0: complete senescence and abscised.

Ethylene Production

The ethylene production rates of buds or florets at
various stages were measured. Five buds or florets of the
same stage were sealed in a small flask (20 mL for buds,
50 mL for florets). The flash head-space ethylene con-
centration was analyzed after 4 h by a gas chromatograph.
Five replications were taken for each measurement. In
measuring the daily ethylene production rates of buds at
stage 5 or open florets, the buds or florets were removed
from the spray and kept in distilled water. Ethylene pro-
duction was determined every day by sealing each bud or
floret in a small vial and analyzed as previously described.

Ethylene Treatment

Individual spray stems were held in a small test tube
(12 mL) with distilled water. Sprays were treated with 0,
0.01, 0.03, 0.05, and 0.1 nL mL" ethylene for 1,3, 5,7 d
at 20°C, then held at 20°C. The vase life of buds was
considered as terminated when the buds became yellow,
brown or abscised. The vase life of florets was consider-
ed as terminated when the florets had senesced with a
score of 5 or lower. Another group of sprays was conti-
nuously treated with ethylene.

1-methylcyclopropene Treatment

Cut florets and sprays were sealed in a 1 m® container at
20°C. Before sealing 1-MCP (EthylBloc, Floralife, Inc.,
Walterboro, South Carolina) was added at a concentration
of 0, 235, 470, and 940 nL m>. The sprays were fumigated
with 1-MCP for 4 h. On the second day after 1-MCP fu-
migation, the sprays were treated with 0.5 nL mL™" ethy-
lene for 48 h, then held at 23°C to 28°C. The vase life of
flower sprays was considered as terminated when half of
the buds or florets had wilted.

Another group of cut sprays was treated with 940 nL m™
1-MCP at 10°C, 20°C, and 28°C for 2, 6, 8, and 12 h.
These sprays were then treated with 0.5 nL mL" exo-

genous ethylene for 24 h after the 1-MCP treatment. In
another experiment, 10 sprays were untreated, 10 sprays
received 940 nL m™ 1-MCP for 6 h on day 0, and, the final
10 sprays were treated twice with 1-MCP the first time on
day 1 and retreated again on day 7.

Results
Ethylene Production

Small Oncidium flower buds at stage 1 produced
relatively high amounts of ethylene compared to larger
buds (Fig. 1A). No ethylene was detected when the bud
developed larger to stage 3 or higher. Fully opened
florets did not produce any ethylene, but began to produce
ethylene when the floret began to wilt with a peak
occurred at the half senescence stage (Fig. 1B).

Buds removed from the spray at stage 5 developed
into fully opened florets in 4 to 5 d (Fig. 2A), then began
to senesce and wilt slowly. The bud did not produce
ethylene until 9 d after removal (Fig. 2C). The ethylene
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Fig. 1. Ethylene production by individual ‘Gower Ramsey’
Oncidium flower bud at different stages of development (A)
and during floret senescence (B). Bud development stages
were from 1 to 5, with very small buds being 4.0 mm in
diameter to large buds at 14.0 mm in diameter: Floret senes-
cence score of 8 represented a floret that had started to wilt
while a score of 4 represented half senescence, and, a score of
2 represented full senescence. Each data point was the mean +
SE,n=5.



production reached a peak about 1 d later. Fully open-
ed florets began to wilt 4 to 6 d after removal from the
spray (Fig. 2B), and ethylene production started to in-
crease 3 d later (Fig. 2D). The ethylene production
reached a peak on the 10" day after floret removal while
the floret was about half senescence. No ethylene pro-
duction was detected from fully opened florets for 7 d
after the floret was removed from the flower spray (Fig.
2D).

The Effect of Ethylene Treatment

The vase life of flower buds was not affected by a
0.01 nL mL"' exogenous ethylene treatment (Fig. 3A to 3E)
but was shortened following exposure to 0.05 nL mL™ and
0.1 nL mL"" ethylene for 3 d (Fig. 3B) and 0.03 nL mL"'
for 5 d (Fig. 3C). The vase life of florets was also not
affected by exposure to 0.01 nL mL™ ethylene (Fig. 3F to
3J) but was shortened by 0.1 nL mL" for 3 d (Fig. 3G),
0.05 nL mL™ for 5 d (Fig. 3H) and 0.03 nL mL" ethylene
treatment for 7 d (Fig. 31).

1-MCP Treatment

The 1-MCP treated flower sprays had a vase life of
about 8 d while the untreated control was 3 d (Table 1).
The effect of 1-MCP on vase life, at 235 nL m™, one
fourth of the commercial recommended concentration,

Oncidium ethylene 3

was similar to that of full concentration 940 nL m™.
The vase lives of floret as well as buds were all
prolonged with 1-MCP treatment. Bud opening was
57% in 1-MCP treatment while it was 5% in the control.

Florets began to abscise from the stem 5 d after
harvest (Fig. 4). Sprays treated with 1-MCP showed an
initial loss of 10% of the florets, then the rate of
abscission slowed for 3 d before increasing again.
Sprays that were treated with 1-MCP on days 0 and 7,
had 5 additional days of delayed floret abscission. The
rate of floret drop for 1-MCP treated sprays was similar
to that of the untreated control sprays, only with a slight
delay. Sprays treated on day 0 and again on day 7 had
about 12 d usable vase life with less than 10% floret
drop while the untreated control sprays had lost about
60% of their florets (Fig. 4).

The vase life of sprays treated with 1-MCP at 10°C,
20°C, or 28°C for 2 h, 6 h, or 12 h were similar (Table 2).
All 1-MCP treated flowers had up to 12 d vase life while
the vase life of the untreated flowers was 5 d.

Discussion

Ethylene produced by small flower buds had been
suggested as a growth inhibitor and slowed the bud
growth in moming glory (Raab & Koning 1987). Small
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Fig. 2. Relationship between stage of bud development (A) and floret senescence (B) of ‘Gower Ramsey’ Oncidium and bud (C)
and floret (D) ethylene production. Buds were cut at Stage 5 and florets cut at Stage 10 then kept in water at 20°C. Floret buds were
ranked from 5 to 10 as to stage of opened floret development, and florets from 1 to 10 as to degree of senescence; from no senes-

cence to fully senesced. Each data point was the mean + SE, n= 5.
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Fig. 3. The effect of exogenous ethylene treatment at different concentrations from 0 to 0.1 nL mL" and durations from 1 day to
continuous presence on the vase life of ‘Gower Ramsey’ Oncidium flower buds (A to E) and florets (F to J). Each data point was

the mean + SE, n = 10.

Table 1. Effect of 1-MCP at various concentrations on the vase life of ‘Gower Ramsey’ Oncidium cut flower. The cut
flower sprays were treated with 0.5 nL mL™" ethylene for 48 hours after 1-MCP treatment

1-MCP concentration Spray vase Life Floret life Bud life Bud opening
(nL m”) (day)” (day) (day) (o)

0 3.0£0.0 29+0.2 1.0£0.0 5.0+7.8
235 8.0+1.1 73+0.8 120+1.3 57.3+10.0
470 8.4+0.9 7.8+0.4 13.6+2.5 56.6+9.7
940 8.5+0.8 8.1+0.8 14.0+2.2 59.8+14.7

“ Each data was the mean + SE, n = 10.
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Fig. 4. The effect of treating sprays with 1-MCP immediately
after harvest (A\—/\) and again 7 days after harvest (0—o0)
on floret drop compared to the control (+—+). Each data point
was the mean, the error bar + SE, n=15.

Oncidium flower buds (4 to 5 mm in diameter) produced a
small amount ethylene (Fig. 1A) and the production de-
clined as the buds grew bigger. The ethylene production
was not detectable as the bud grew from 8 to 14 mm (dia-
meter), therefore it is likely that ethylene has little role in
the bud growth. A similar ethylene production pattern
has been reported for Phalaenopsis flower buds (Lin
1988).

Florets produced relatively high amounts of ethylene as
they began to wilt and senesce (Fig. 1B & 2). Ethylene
production reached a peak then declined as the floret wilted.
Similar phenomena have been observed in Cattelyia,
Dendrobium, and Phalaenopsis flowers (Goh et al. 1985;
Huang et al. 1997; Nair & Fong 1987). In Cattelyia and
Phalaenopsis flower, ethylene production increased before
the start of flower senescence (Goh et al. 1985; Huang et
al. 1997). Ethylene was proposed in these reports to be



Table 2.

Oncidium ethylene 5

Effect of temperature and time of 1-MCP treatment on the vase life of ‘Gower Ramsey’ Oncidium cut

flower. The cut sprays were treated with 0.5 nL mL™ ethylene for 24 h after the 1-MCP treatment. The vase life of

control was 5.2 + 1.0 days

Time (h) *
Temperature ('C) 2 4 8 12
10 10.8+1.8 103+1.2 9.5+1 9.8+1.0
20 10.5+1.3 103+1.3 10.5+1.3 9.7+0.9
28 11.0+ 1.5 11.6+14 10.3+0.7 10.8 £ 1.0

“Each data was the mean + SE, n = 10.

an inducer of flower senescence. However, the rise in
ethylene production by Oncidium florets always occurred
later than the start of floret senescence and therefore as a
byproduct that accompanied floret senescence. Since
exogenous ethylene at very low concentrations accelerated
senescence of Oncidium flower bud and floret and 1-MCP
effectively prolonged the vase life of ethylene treated
flowers, it was apparent that ethylene does play an im-
portant role in Oncidium flower senescence.

Oncidium flower bud and floret were very sensitive
to ethylene. The vase life of the buds and florets was
significantly shortened by exposure to 0.03 nL mL
ethylene (Fig. 3). The bud was more sensitive than the
floret as it took 5 d for the ethylene treatment to result in
any detrimental effect on the bud compared to 7 d for the
floret.

A repeat treatment of sprays with 1-MCP after 7 d fur-
ther delayed floret senescence and abscission (Fig. 4).
This delay is similar to that experienced with fruits and
flowers (Sangwanangkul et al. 2008). It has suggested
that the initiation of senescence is due to production of
new ethylene receptors that are not blocked by ethylene
(Blankenship & Dole 2003).

Treatment with 1-MCP was very effective in delaying
ethylene induced senescence (Table 1 & 2). The concen-
tration of 1-MCP at one fourth that recommended for
commercial use extended the vase life of Oncidium sprays.
The duration of 1-MCP treatment could be as short as 2 h
and up to 18 h. The 1-MCP treatment was successful
when applied between 10°C and 28°C (Table 2). These
data indicated that 1-MCP had the commercial potential
for treatment of Oncidium cut flower sprays as it enhanced
bud opening and delayed floret senescence.

Acknowledgments

The authors would like to thank Ms. Chin-Yu Tsai, Ms.
Hui-Sui Huang, and Mr. Chung Chen for devoting them-
selves to this research.

Literature cited

Blankenship, S. M. and J. M. Dole. 2003. I-methyl-
cyclopropene: a review. Postharvest Biol. Technol. 28:
1-25.

Goh, C. J.,, A. H. Halevy, R. Engal, and A. M. Kofrank. 1985.
Ethylene evolution and sensitivity in cut orchid
flowers. Sci. Hortic. 26:57-67.

Huang, C. C., M. H. Pan, and T. T. Wang. 1997. Senescence,
ethylene production and electrolyte leakage of diffe-
rent parts of chilled Phalaenopsis flower. J. Agric. Res.
China 46:167-180.

Huang, C. C. 1998. Ethylene production of Oncidium flower
and the change of flower quality affected by ethylene
treatment and pollinia cap removal. J. Agric. Res.
China 47:125-134.

Lin Y. S. 1988. Postharvest Physiology and Senescence of
Phalaenopsis Cut Flower. Master thesis. Department
of Horticulture. Natl. Taiwan Univ. 170 pp.

Nair, H. and T. H. Fong. 1987. Ethylene production of orchid
flowers and 1-amino cyclopropan-1-carboxylic acid
levels in detached Dendrobium ‘Pompadour’. Sci.
Hortic. 32:145-151.

Raab, M. M. and R. E. Koning. 1987. Changes in respon-
siveness to ethylene and gibberellins during corolla
expansion of Ipomoea nil. J. Plant Growth Regul. 6:
121-131.

Sangwanangkul, P., P. Saradhuldhat, and R. E. Paull. 2008.
Survey of tropical cut flower and foliage responses to
irradiation. Postharvest Biol. Technol. 48:264-271.

Serek, M., E. C. Sisler, and M. S. Reid. 1995. Effect of
1-1-MCP on the vase life and ethylene responses of
flowers. Plant Growth Regul. 16:93-97.

Song, C. J. 1997. Studies on Handling Quality of Pollenia
De-capped of Cut Oncidium. Master thesis. Depart-
ment of Horticulture. Natl. Chung-Hsing Univ. 117 pp.



6 CWMELPE BYS8E Hy 1

2 S )| - ) v 1
S EERTREC FLF
* £ ?3’4 Robert E. Paull’

wm =
F1BF% - Robert E. Paull « 2009 o ¥ o[l ~ fRalZe bty o5 1 & i o IR KPR 58:1-6 -

‘¢TIEZL}%K*]"’1J‘I Y[ (Oncidium *Gower Ramsey”) = /bl {LtlySefl e - e/ iy I s e e “hr“
jf‘]]ﬁfW'J 'lﬁizﬁi[ % (1-methylcyclopropene, 1-MCP) V" /s o b &fi| {LE) & 4 pEIfU 456 (7945 0.12 oL g
bty w%ﬁ&;«ﬂr%ﬁﬁﬂ’w%Vﬁ%a%ﬁﬂﬁ ERAIT oAy o T e BiGE  Cen
BIVHTI 7o PR o o A S 15 nL g 0 o Te Ot HIEER (R 0 e &
o BT - TL’;*,UI—‘(L ruﬁt é*%‘,ﬁlt AP T U454 0.03 nL mL! B (L s5d Fﬁéﬁjﬁu T
TJ‘ ST d b % [SER . 1-MCP T i Ot { IR G Ll’irmiélg\/:/f\fl_:ﬂ»jl:[ SRRV L JTL l/#c‘{jﬁ
i M%JIMCPﬁ%ﬁE@.7dﬂ%$§1ﬁ‘P A WEERETIIRY [ e 1-MCP PR G 0.125 gm”
RO 4 1 o SRR PERER IR fy - 1MCP e SO IR S 1V
gl'gﬂ“j o 1-MCP g;@ﬁr' 1112 h 5§72 12 b SRR EH 10T 28°C » AR~ BRE 35 B 1-MCP #RIEL

RS R E R

BRGRED © ¥ -LBUIL - O PR VR

SIFTREE T 1 F H %Fm“ﬁvtmm 2341 B e FO P 1 97 F 12 5] 2 |1 o

F AR F'JmuF'l il FRIER o

3 R %97&*3&’3”” ﬁ?‘ﬂ:ﬁ:{ @\ﬂﬂ FPIPALET o X RN R (’r?:*f}ﬁﬂ[) °
EFEY ?ﬁi‘éfi[i : cchuang@tari.gov.tw ; {HH £ 1 (04)23317121 -

AW N =




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


