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Abstract: This study was conducted to investigate the effect of 1-methylcyclopropene (1-MCP, 1.0 uL-L™"), a known ethylene
action inhibitor, on fruit quality and incidence of physiological disorders during a simulated marketing period at 25°C for 20
days in early-season Asian pear (Pyrus pyrifolia Nakai) ‘Hanareum’ that had been treated with 0, 0.5, 1.2 or 2.4% GA4.7. Weight
loss of stored fruits increased with GA4.; concentration, and the 1-MCP treatment slightly reduced the weight loss rates during
the marketing period. Flesh firmness decreased abruptly in all 1-MCP-untreated fruits as the storage period extended to 10
d, whereas the firmness of 1-MCP-treated fruits remained high (> 30 N) during 15 days shelf-life. The effect of 1-MCP was
significantly reduced when fruits were subjected to increased GA concentration. Higher soluble solids content and acidity during
extended shelf-life were also apparent in 1-MCP-treated ‘Hanareum’ pears. The L-values (lightness) and hue angles of 1-MCP
treated samples were higher than those of controls during 20 days shelf-life, but the a-value (redness) was lower in 1-MCP
treated fruits. 1-MCP treatment did not decrease the level of ethylene evolution regardless of GA4.; concentration during shelf-life
in early-season Asian pear ‘Hanareum’. By contrast, 1-MCP treatment decreased the respiration rate significantly during shelf-life.
The efficacy of 1-MCP was greatest in the GA-untreated fruit and was reduced as the GAs.; concentration increased. 1-MCP
treatment influenced the severity of physiological disorders including core browning and mealiness: 1-MCP treatment completely
blocked the incidence of core browning of during 15 days shelf-life, and reduced the severity of mealiness during 20 days shelf-life
regardless of GA4.; concentration. Based on our results, we conclude that the use of 1 uL-L" 1-MCP can be of great benefit
for maintaining quality and preventing physiological disorders in early-season pear cultivar ‘Hanareum’ pear, whereas its efficacy
decreases with the concentration of GA4.7 whereas its efficacy gradually decreases when the concentration of GA4.7 paste increased.

Additional key words: ethylene, firmness, physiological disorder, respiration
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GAy7 At 8.26% 8 AH|H] FE7} S7HE A2
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Table 1. Effects of GA treatments on fruit quality indices in ‘Hanareum’ pears harvested at different date.

) Fruit quality index

Treatment Fi SSC TA Starch C.H co

GAsr, % irmness arc 2Ha 2 . . . .
(GAwr %) /68 mm) (Bri) (%) (OD. 640 nm) (uL-kg'-h? (mL-kg'-hh U a b H
0 37.8 &’ 124 a 0.07 a 0.77 a 0.48 b 743 b 660a 75a 389a 791 a
0.5 388 a 122 a 005 b 0.60 b 036 b 7.26 b 662a 71a 390a 798 a
1.2 35.6 a 122 a 005 b 0.44 c 0.40 b 593 ¢ 664 a 83a 392a 780a
2.4 36.8 a 108 b 0.07 a 0.30 d 1.15 a 9.94 a 658 a 75a 395a 793 a

“GA4+7 was pasted on the stalk at 35 days after full bloom in 2013. Fruits were harvested at different date (Untreated, Aug.

19; 0.5 & 1.2% GAs, Aug. 15; 2.4% GAws, Aug 12, 2013).

YDifferent letters represent statistical significance within column by Duncan’s multiple range test at 5% level.



648 Kor. J. Hort. Sci. Technol. 32(5), October 2014

Table 2. Effects of postharvest 1-MCP (1.0 pL-L") treatment on weight loss, soluble solid contents (SSC), titratable acidity (TA)
and skin color difference during 20 days of shelf-life in ‘Hanareum’ pears treated with various concentration of GAs.7.

Shelf-life Treatment” Fruit quality parameter
at 25°C GAw7  1-MCP Weight loss SSC TA L* o+ 1o
(days) (%) /%) (%) (°Brix) (%)
0 - 290 & 12.1 bed 0.06 b 66.15 bed 10.84 a 74.86 d
+ 254 b 12.8 a 0.07 a 65.72 cd 9.55 bc 76.56 bc
0.5 - 3.00 a 119 d 0.06 b 66.14 bcd 10.20 ab 75.59 cd
c ' + 2.85 a 118 d 0.06 b 65.26 d 8.76 cd 77.61 ab
12 - 299 a 12.3 bc 0.05 c 66.68 bc 10.17 ab 75.69 cd
' + 295 a 12.3 bc 0.06 b 66.57 bc 9.33 bc 76.72 bc
24 - 3.05a 119 cd 0.06 b 67.12 b 9.41 bc 76.88 b
' + 3.01 a 12.5 ab 0.07 a 68.55 a 8.01 d 78.65 a
0 - 394 c 125 a 0.05 b 65.69 a 11.28 a 74.10 c
+ 351d 125 a 0.06 a 65.61 a 10.06 cd 75.73 ab
0.5 - 4.90 ab 123 b 0.05 b 65.95 a 10.48 bcd 75.18 b
10 ' + 5.08 ab 122 b 0.06 a 65.55 a 9.98 cd 75.86 ab
12 - 5.04 ab 119 ¢ 0.05 b 65.31 a 11.15 ab 74.16 c
' + 4.84 ab 123 b 0.06 a 66.13 a 10.54 bc 7525 b
24 - 519 a 119 ¢ 0.06 a 65.90 a 10.13 cd 75.64 ab
' + 470 b 122 b 0.06 a 66.42 a 9.75 d 76.43 a
0 - 557 ¢ 125 a 0.07 a 64.08 b 11.86 a 72.88 c
+ 4.52 d 12.5 ab 0.06 b 65.71 a 1195 a 73.31 bc
0.5 - 6.31 ab 12.2 ab 0.05 c 61.87 ¢ 11.15 b 72.73 c
Is ' + 5.93 bc 125 a 0.05 c 66.08 a 11.43 ab 7418 b
12 - 6.09 abc 120 b 0.05 c 62.97 bc 11.51 ab 7291 c
' + 6.20 abc 120 b 0.05 c 65.58 a 1192 a 73.30 bc
24 - 6.73 a 116 ¢ 0.05 c 63.14 bc 10.43 ¢ 74.02 b
' + 6.11 abc 121 b 0.06 b 65.92 a 10.25 ¢ 75.40 a
0 - 5.76 ¢ 123 b 0.05 b 57.88 c 11.71 ab 69.38 ¢
+ 520 c 12.2 bc 0.09 a 65.62 a 1237 a 72.81 ab
0.5 - 697 b 116 d 0.04 b 53.72 de 11.08 bc 67.41 de
20 ' + 6.87 b 123 b 0.06 b 64.99 ab 11.48 bc 73.36 a
12 - 7.33 ab 11.8 cd 0.04 b 5244 e 11.12 bc 66.17 e
' + 7.16 b 129 a 0.06 b 62.84 b 1235 a 71.61 b
24 - 8.26 a 11.8 cd 0.05 b 55.74 cd 10.94 c 68.99 cd
' + 7.34 ab 123 b 0.06 b 64.70 ab 11.36 bc 7341 a
ANOVA
GA4+7 (B) kkk kK% kekk kkk kekk kekk
A X B kkxk k%% * kekk NS kekk
A X C NS % keokk *kkok kkk kkk
B x C * * NS * NS NS
A x B xC NS ok NS NS NS NS

“GA4.7 was pasted on the stalk at 35 days after full bloom in 2013.
yD*igg*r*ent letters represent statistical significance within column by Duncan’s multiple range test at 5% level.
N5 Indicate non-significant and significant difference at p < 0.05, p < 0.01, p < 0.001, respectively.
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Fig. 1. Effects of postharvest 1-MCP (1.0 uL-L") treatment
on the changes of flesh firmness during 20 days of shelf-life
in ‘Hanareum’ pears treated with various concentration of
GA4+7-
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Fig. 2. Effect of postharvest 1-MCP (1.0 uL-L") treatment on
ethylene production during 15 days of shelf-life in ‘Hanareum’
pears treated with various concentration of GAs.7.
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Fig. 3. Effect of postharvest 1-MCP (1.0 uL-L") treatment on
respiration rates during 15 days of shelf-life in ‘Hanareum’
pears treated with various concentration of GAs.7.
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Table 3. Effects of postharvest 1-MCP (1.0 uL-L") treatment on the severity of physiological disorders during 20 days of shelf-life
in ‘Hanareum’ pears treated with various concentration of GAs.7.

Shelf-life Treatment” Severity of physiological disorder
at 25°C GAss7 1-MCP Core browning Mealiness Skin browning
(days) (%) (-/+) (Index, 0-5) (Index, 0-5) (Index, 0-5)
0 - 0.0 0.0 0.0
+ 0.0 0.0 0.0
- 0.0 0.0 0.0
0.5
s + 0.0 0.0 0.0
- 0.0 0.0 0.0
1.2
+ 0.0 0.0 0.0
- 0.0 0.0 0.0
2.4
+ 0.0 0.0 0.0
0 - 0.0 0.1 ab 0.0
+ 0.0 00 b 0.0
- . .1 .
05 0.0 0.1 ab 0.0
+ 0.0 00b 0.0
10
- 0.0 0.3 a 0.0
1.2
+ 0.0 00 b 0.0
- 0.0 0.2 ab 0.0
2.4
+ 0.0 00 b 0.0
0 - 0.2 a’ 2.1 bc 16 b
+ 0.0 a 0.0 d 0.0 c
0.5 - 04 a 2.6 ab 24 a
15 ' + 0.0 a 02 d 0.2 c
12 - 03 a 2.8 a 2.5 a
' + 0.0 a 01d 0.0 c
- 0.0 a 14 c 0.0 c
2.4
+ 0.0 a 00d 0.0 c
0 - 0.9 abc 4.0 a 43 b
+ 0.0 d 0.0 c 0.0d
- 1.3 ab 41 a 4.9 a
0.5
20 + 0.2 cd 0.4 bc 0.0 d
12 - 0.9 abc 4.5 a 50 a
' + 0.3 cd 11b 0.0 d
24 - 1.7 a 4.7 a 41 b
' + 0.8 bcd 0.8 bc 11c
ANOVA
Shelf-life (A) Aok ok Hopok
GA4+7 (B) NS *% *okok
1-MCP (C) Hokok sk Hokok
A X B kk kekk kkk
A X C skksk kkk skkk
B x C NS NS okok
A xBxC NS NS ok

“GA47 was pasted on the stalk at 35 days after full bloom in 2013.
Different letters represent statistical significance within column by Duncan’s multiple range test at 5% level.

NG, %% ok

" Indicate non-significant and significant difference at p < 0.01, p < 0.001, respectively.



652 Kor. J. Hort. Sci. Technol. 32(5), October 2014

GAwr A21o] oJt TH4le] sk Halo] WA
EFL osle waph AHEchs A4S o
o] %ol W2 1MCP Heikgo] gelchs 2S5
4 itk

ghH ARolA FAISE ‘qlolg o ofddl WAT W T
2 <3k dl “3EAP(Lee et al., 2012)3} ‘34’ (Moon et
al,, 2008) & +& = &4 =-FAF viol Blsl pHl =
= Zolglen 1-MCP Ao &gt Tg&oA] A== 71
A Uebgtth o]yt Ylo R = ghotE wje] %7171 8
d 18U =2 AP o] 9 1 Htte FEA|7|7} oF 257}
B3 A2 A o] 1092 ofet 2AF FFo=A0 74
2 E/J(Hwang et al., 2005)°f 7]Q1e}= A o= APZ4= Sk
AEAor & AFE 3ol 3FE H ogd Wago] 4
fHog =2 v FFo gt 1-MCP A2l A27-5711F
Z Az Ao Bkl Ao R Y ghoE
ol Thgk 1-MCP 2] aik= ofdqle] 28-S A4 o=
Asisto] Ueh7] Hihs ] S5A1E B3 I E
Aagle] Asks A sk 1Hd ARl Aol 7|Qlsks AL
= 20 4= qdSich

YR WSk AEsE AR A3KTable 3),
Frolg’ oM = A2fE & dldHy EEE & F
o WA e sz EA skt A Y] B e
& 1590] AutA WA E7] AAFSHA=H GAsr A2 5
L7t S7VE 7ok RS Elth 1-MCP A2
A S A 2shA] & FollA f-5 207 EHS
5] WAskAaL, A A 2apol lojA= GAsyg
A F=7F S7FE 1-MCP A 2]of] o3t dhazhd oA
=7t WojA= AaE HAtKTable 3). #59] 22T
2 g 1045 TAEA =T 1-MCP A2 A2
& APshA] g2 oA f-5 2097 EsRES 2
o2 WASHAAL, GAsr AP BHAof o e HEidS
oSt AAeh= AE BAoy Aesko| g Ao
= 3A YEhA gEdthTable 3).

S, ?rolE wijof Qlol AR S Huvt ZW
Mz a7t HAE A=, 1-MCPE A2|skA] o2 v
oA A28 109 o]Fof 'WAYsH7] AlAsto] f-5 2047F
SIS WAshela 1-MCP A2] THdel Slel 4 GAu
A2 o] W thao) WA SIRIAT Ao A
5] WA Aok WelekTable 4). o] el Bablol A vt
EfRs AEgaR) alE ol Buos geloks 1 %
Ao] el T Ao Alah 9 AlolA e superfiial

-

fu

Wl

scald?} ZAto] GAFSFA T Lurie and Watkins, 2012; Whitaker
et al., 2009). E3F & Z}5f+= Li and Wang(2009)] 5Hj
‘Akemizw’ oA Bt dus S fARF e =2
AEQ ‘Akemizw’ = 2 A= o] vl ol Astel v
a7t sk 5 & AtolA SAIRE SholE I ARG
AeA EAE de Aeg AAEE FFolth ‘Akemizw’
of oAz A& 140l scald7} 64.8% AL
I-MCPE A2|et A} W¥ES 3.7%= A4ttt Hil
= Aetstar A2A7 Al 2 A2 1-MCP 84 2]
A] scald o] AAS] 4 AE B Aol ghof
B olA A2AE 5 WAsks HyjEHTe dAgls Ao

2 Hojx|= AIF Aefjletal g gle s 23 Ho Al

ZAilFig. 3), BFA W CO,» 57} 2-5% A 229 Aog
AdElEgE 2 AdoA Uehd *gholEc o dfulzhy Al
= external CO, injury(Watkins et al., 1997)2 2JAlst 4= 9]
ong 2% WUst A&7 QY=

olAge) AT Sl 24 “TlokE’ ol et luL L
O] I-MCP A= 25 71Xt 5 IAE4 f-A19F A
el Aol ATAOIN GAwr He) Bt Fobes
o mh gasks Ao mus

x =

2 Ao A= A A(GAL)Z 0, 0.5, 1.2, 2.4% =
2 2% Sokg’ W] Aeiski 49 F ojTal 24 o
AA1 1-methylcyclopropene(1-MCP)E 1uL-L" =&
23t &, 20479 AL2R-E7 I T wHEEE L A
Wl Al e BRI AeeE 717 1
&9 ¥3h= GAyr o BAIJle] S7sh=
o, 1-MCP A9} 739 2% 7|1to] F7Fehol whet
AR o] Ok ek A0 AT GAvr 5ET}
7¥gholl wret 1-MCP A ] k= gojRlth 273 10Y
o] I-MCPE A2Js}A] 92 W& HAlollA Hwert F45H
QA4S W LMCPE A2l ] A9 ALRE 15
Q74 30N ol4Fe] & A Uehyeie. el GAw
Aol 7} 21 1MCP 2] AT HolAk Ao
&2 AT I-MCPE A 2fet B o] 49 4278 7]
2 Fb FETH R Aol B ebton), sy
O] 7-%- L*(¥t71) W hue angles<> &= A AR UATE a* (2]



Ho
oo
lo

o
4z
ol
of
X

L';

ﬂ
o
L‘;_

AI=)0] 79 1-MCP A 2lof H]sl WA etk e
5 5 olBd WS GAwr AP ol JFS WA ¢
SEL 1-MCP A2z ol ddll PARRS W54 Sehe A
ZAbE e} BhE 1-MCP HE] 1Hle] 555 AL GE

2043F FrofohA WA 2ARE =T 1-MCP A2 Aib= A
Hee A2shA] o2 ?LOM 7P A EREIL GAsg
o] =7t SRRkl wet T5E fa A= ok o
A 1-MCP A= 4255 5 ‘2%46}% o 24
T2 AYes WA AHAEIE B, GAwy b A
§lo] AR5 15, 209 St A} 2Ene] WS
A5k

§

F7F F80] : g, A= A, 25
AN&=Y

Bukovac, M.J. 1963. Induction of parthenocarpic growth of apple
fruits with gibberellin As and As. Bot. Gaz. 124:191-195.

Choi, S.T. and R.N. Bae. 2007. Extending the postharvest quality
of tomato fruit by 1-methylcyclopropene application. Kor. J.
Hort. Sci. Technol. 25:6-11.

Fan, X., L. Argenta, and J.P. Mattheis. 2002. Interative effects
of 1-MCP and temperature on ‘Elberta’ peach quality. HortScience
37:134-138.

Hwang, H.S., I.S. Shin, W.C. Cheon, Y.U. Shin, J.H. Hwang,
and S.S. Hong. 2005. Breeding of a good quality, large size,
and early summer season pear cultivar ‘Hanareum’ (Pyrus
pyrifolia Nakai). Kor. J. Hort. Sci. Technol. 23:60-63.

Inomata, Y., S. Murase, S. Oikawa, T. Shinokawa, and K. Suzuki.
1992. Effect of gibberellin treatment on flowers of Japanese
pear (Pyrus pyrifolia Nakai) after late frost damage. Bull.
Fruit Tree Res. Stn. 23:123-136.

Jeong, S.T., J.G. Kim, S.S. Hong, H.S. Jang, and Y.B. Kim.
1998. Influence of maturity and storage temperature on the
respiration rate and ethylene production in ‘Kosui’, ‘Chojuro’
and ‘Niitaka’ pears. J. Kor. Soc. Hort. Sci. 39:446-448.

Kader, A.A., D. Zagory, E.L. Kerbel, and C.Y. Wang. 1989.
Modified atmosphere packaging of fruits and vegetables. Critic.
Rev. Food Sci. Nutri. 28:1-30.

Kitamura, T., T. Iwata, T. Fukusima, Y. Furukawa, and T. Ishiguro.
1981. Studies of the maturation-physiology and storage of
fruits and vegetables. II. Respiration and ethylene production
in reference to species and cultivars of pear fruit. J. Japan.
Soc. Hort. Sci. 49:608-616.

sra s xHzm 653

Lee, U.Y. and J.P. Chun. 2011. Evaluation of quality indices
during fruit development and ripening in ‘Wonhwang’ and
‘Whasan’ pears. CNU J. Agri. Sci. 38:405-411.

Lee, U.Y., K.Y. Oh, J.H. Choi, Y.S. Hwang, J.M. Choi, and
J.P. Chun. 2011. Evaluation of fruit quality during shelf-life
at high temperature environment in “Wonhwang’ and ‘Whasan’
pears. J. Bio-Environ. Cont. 20:233-240.

Lee, U.Y., K.Y. Oh, S.J. Moon, Y.S. Hwang, and J.P. Chun.
2012. Effects of 1-methylcyclopropene (1-MCP) on fruit quality
and occurrence of physiological disorders of Asia pear (Pyrus
pyrifolia Nakai), ‘Wonhwang’ and ‘Whasan’ during shelf-life.
Kor. J. Hort. Sci. Technol. 30:534-542.

Li, Z.Q. and L.J. Wang. 2009. Effect of 1-methylcyclopropene
on ripening and superficial scald of Japanese pear (Pyrus
pyrifolia Nakai, cv. Akemizu) fruit at two temperatures. Food
Sci. Technol. Res. 15:483-490.

Lurie, S. and C.B. Watkins. 2012. Superficial scald, its etiology
and control. Postharvest Biol. Technol. 65:44-60.

Moon, S.J., S.H. Lee, J.H. Han, Y.S. Hwang, and J.P. Chun.
2008. Effects of 1-MCP and storage condition on fruit quality
of ‘Whangkeumbae’ pear during storage and simulated marketing.
Kor. J. Hort. Sci. Technol. 26:380-386.

Mullins, E.D., T.G. McCollum, and R.E. McDonald. 2000.
Consequences on ethylene metabolism of inactivating the ethylene
receptor sites in diseased non-climacteric fruit. Postharvest
Biol. Technol. 19:155-164.

Nakagawa, S., I. Kiyokawa, H. Matsui, and H. Kurooka. 1973.
Fruit development of peach and Japanese pear as affected
by destruction of the embryo and application of gibberellins.
J. Japan. Soc. Hortic. Sci. 37:104-112.

Oanh, V.TK., U.Y. Lee, J.H. Choi, H.C. Lee, and J.P. Chun.
2012. Changes of fruit characteristics and cell wall component
during maturation and ripening in Asian pear ‘Hanareum’,
‘Manpungbae’ and ‘Niitaka’ (Pyrus pyrifolia Nakai). Kor. J.
Hort. Sci. Technol. 30:345-356.

Oh, K.Y., U.Y. Lee, S.J. Moon, Y.O. Kim, H.S. Yook. Y.S.
Hwang, and J.P. Chun. 2010. Transportation and distribution
temperatures affect fruit quality and physiological disorders
in ‘Wonhwang’ pears. Kor. J. Hort. Sci. Technol. 28:434-441.

Park, Y.S. 1999. Effects of storage temperatures and CA conditions
on firmness, fruit composition, oxygen consumption and ethylene
production of Asian pears during storage. J. Kor. Soc. Hort.
Sci. 40:559-562.

Selvarajah, S., A.D. Bauchot, and P. John. 2001. Internal browning
in cold-stored pineapples is supressed by a postharvest application
of 1-methylcyclopropene. Postharvest Biol. Technol. 23:167-170.



654 Kor. J. Hort. Sci. Technol. 32(5), October 2014

Tamura, F., J.P. Chun, K. Tanabe, M. Morimoto, and A. Itai.
2003. Effect of summer-pruning and gibberellin on the watercore
development in Japanese pear ‘Akibae’ fruit. J. Japan. Soc.
Hortic. Sci. 72:372-377.

Tian, M.S., S. Prakash, H.J. Elgar, H. Young, D.M. Burmeister,
and G.S. Ross. 2000. Responses of strawberry fruit to 1-
methylcyclopropene (1-MCP) and ethylene. J. Plant Growth
Regul. 32:83-90.

Watkins, C.B., J.F. Nock, and B.D. Whitaker. 2000. Responses
of early, mid and late season apple cultivars to postharvest
application of 1-methylcyclopropene (1-MCP) under air and
controlled atmosphere storage conditions. Postharvest Biol.
Technol. 19:17-32.

Watkins, C.B., K.J. Silsby, and M.C. Goffinet. 1997. Controlled
atmosphere and antioxidant effects on external CO, injury
of ‘Empire’ apples. HortScience 32:1242-1246.

Whitaker, B.D., M. Villalobos, E.J. Mitcham, and J.P. Mattheis.
2009. Superficial scald susceptibility and a-farnesene metabolism
in ‘Bartlett’ pears grown in California and Washington. Postharvest
Biol. Technol. 53:43-50.

Yamada, H., K. Nakajima, Y. Yamazawa, and 1. Kuroi. 1991.
Effect of pollination and gibberellin treatment on fruit set
and development of the European pear (Pyrus communis L.

var. sativa DC.) cv. Le Lectier. J. Japan. Soc. Hort. Sci 60:
267-273.

Yang, Y.J. 1997. Effect of controlled atmospheres on storage
life in “Niitaka’ pear fruit. J. Kor. Soc. Hort. Sci. 38:734-738.

Yuda, E., H. Matsui, S. Nakagawa, M. Yukimoto, and K. Wada.
1984. Effect of 15-3-OH gibberellins on the fruit set and
development of three pear species. J. Japan. Soc. Hort. Sci.
53:235-241.

Zhang, C., K. Tanabe, F. Tamura, A. Itai, and M. Yoshida. 2007a.
Role of gibberellins in increasing sink demand in Japanese
pear fruit during rapid fruit growth. Plant Growth Regul.
52:161-172

Zhang, C., K. Tanabe, F. Tamura, K Matsumoto, and A. Yoshida.
2005. C-photosynthate accumulation in Japanese pear fruit
during the period of rapid fruit growth is limited by the sink
strength of fruit rather than by the transport capacity of the
pedicel. J. Exp. Bot. 56:2713-2719.

Zhang, C., K. Tanabe, H. Tani, H. Nakajima, M Mori, and E.
Sakuno. 2007b. Biologically active gibberellins and ABA in
fruit of two late-maturing Japanese pear (Pyrus pyrifolia
Nakai) cultivars with contrasting fruit size. J. Amer. Soc.
Hortic. Sci. 132:452-458.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 1.4
  /CompressObjects /Tags
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


