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Abstract

Monitoring some parameters would help to overcome the difficulties that can affect in vitro-grown plants during the crucial
step of their acclimatization. Thus, after the determination of net photosynthesis and other parameters during
acclimatization of in vitro-grown olive plantlets, we concluded that three months after the transfer to ex vitro, the in vitro-
grown olive plants become well acclimated. In fact, even though the net photosynthesis, relatively high in vitro, recorded
low values after 15 d from the transfer, it reverted back to its standard rates after 180 d of acclimatization. Transpiration
and stomatal conductance first increased significantly with a maximum of 6.22 mmol(H>O) m 2 s™! and 1.8 mmol(H,0)
m2s!, respectively, but they regressed to very low values after 180 d of acclimatization. Some changes in the leaf anatomy
were also observed; the reduction of stomata density and inversely, the increase of trichome density, especially on the

abaxial side of the leaves, were observed.

Additional keys words: gas exchange; in vitro culture; micropropagation; Olea.

Acclimatization is a crucial step in the whole process of
micropropagation. In fact, the acclimatization is sometimes
difficult and delicate to achieve considering changes of
physical conditions in the culture and it can have adverse
effects on the survival of young seedlings. Therefore,
commercial utilization of micropropagation requires a suc-
cessful acclimatization (Deccetti et al. 2008, Dobranszki
and Teixeira da Silva 2010). Indeed, it was shown that
various structures and parameters in plants can change
abruptly during the first days of ex vitro transfer and
therefore it can influence the survival rate of plantlets
(Kozaietal. 1997, Pospisilova et al. 1999, Hazarika 2006,
Moncalean et al. 2007, Deccetti et al. 2008, Dobranszki
and Teixeira da Silva 2010). At the leaf level, the density
and morphology of stomata are modified by the increase
of the light intensity and by the decrease of the relative
humidity during the acclimatization phase (Blanke and
Belcher 1989, Capellades et al. 1990, PospiSilova et al.
1998, Deccetti ef al. 2008). On the other hand, the net
photosynthetic rate (Px) generally decreases significantly
just after the ex vitro transfer, while the transpiration rate
(E) and the stomatal conductance (gs) show an important
increase.
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Furthermore, PospiSilova et al. (1999) and Hazarika
(2006) showed the dependence of Py on the environmental
conditions of acclimatization; they observed that an
increase in CO, concentration causes a significant increase
in the photosynthetic activity of plantlets. The E is gener-
ally high at the beginning of acclimatization but decreases
gradually after adaptation to the external environment
(Pospisilova et al. 1999, Hazarika 2006, Chaari-Rkhis
et al. 2011). The objective of the present study was to
determine some indicators associated with photosynthesis
in order to find a necessary and minimum acclimatization
period to obtain viable micropropagated olive plants.

In vitro shoots from two Tunisian olive varieties
(Chemlali and Oueslati), which grew up to 3—4 cm and had
3—4 nodes, were rooted under in vitro conditions (Chaari-
Rkhis et al. 2011). Once rooted, the micropropagated
plants (30 per variety) were carefully taken and transplanted
into small plastic pots containing a mixture of compost and
peat (1:1). The potted plantlets were irrigated once a week
with a nutrient solution composed of half concentrations
of Murashige-Skoog macro and micronutrients medium
(Murashige and Skoog 1962). They were placed in a
greenhouse where the relative humidity was adjusted

Abbreviations: E — transpiration rate; gs — stomatal conductance; Px — net photosynthetic rate.
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to 80 = 2% and temperature maintained at 25 + 1°C under
16-h photoperiod. For the first week after the transplanta-
tion, the plantlets were covered with transparent poly-
ethylene to maintain the adequate temperature and high
humidity.

The Pn [umol m2 s7'], £ [mmol(H,0) m? s™'], and
gs [mmol(H,0) m2 s7'] of the leaves already formed in
vitro were measured in vitro, and 15, 30, 90, and 180 d
after the beginning of acclimatization (DA) using an
LCi photosynthesis apparatus (ADC Bioscientific Ltd.,
England). The apparatus is equipped by a small chamber
for small leaves. For the measurements of in vitro leaves,
we took the leaves grown under in vitro conditions; the
measurements were done rapidly in the growth room
before the leaves were damaged. At least 30 measurements
were made for all parameters on three different leaves.

The number of trichomes, which are the protective
structures on the both sides of olive leaves, was computed
by taking leaf trichome imprints on self-adhesive bands
(Boujnah 1997). These ribbons were then stuck onto the
slides and observed using a microscope (DIALUX 22EB,
Leitz, Germany). The measurements were performed using
program UTHSCSA Image Tool Version 3.0. To collect
prints of the stomata on each leaf, clear nail polish was
spread on the surface of the leaf after removing the
trichomes. Once dried, the varnish layer was removed by
scotch tape which was placed on a microscope slide and
then a microscope with appropriate software (UTHSCSA
Image Tool Version 3.0) was used to count the number of
both structures (Boujnah 1997).

The parameters were recorded on leaves taken from
in vitro plants and leaves taken after 15, 30, 90, and 180
DA. At least 30 values were taken to count stomata and
trichome numbers. The statistical analyses were performed
using SPSS 11.0 (Chicago, IL, USA). The results were
expressed as average + standard error (SE). Duncan's

multiple range tests was used to determine the significance
of differences between the compared mean values at a level
of confidence of 0.05.

During in vitro culture, we recorded Py values (Fig. 1),
which invalidated the fact that in vitro plantlets generally
have a very low photosynthetic capacity to provide a posi-
tive carbon balance due to the presence of sucrose in the
media (Grout and Aston 1977, Amancio et al. 1999, Serret
et al. 2001, Osorio et al. 2013). On the contrary, some
authors reported significant Py in vitro, mainly if the
environment was enriched with CO, (Desjardins et al.
1987, Fila et al. 1998, Pospisilova et al. 2007). However,
Py decreased significantly during the first days of ex vitro
transfer and the lowest values were recorded (Fig. 1). This
has been reported also in other species (Hazarika 2003,
Dias et al. 2014); it can be attributed to the stress
experienced by plant tissues in response to changing
environmental conditions or to the partial damage of the
photosynthetic apparatus (Hazarika 2003, 2006).

However, in all micropropagated species, Py reverts
back to its standard rates after a certain period of acclima-
tization which depends on species (Hazarika 2006,
Pospisilova et al. 2007, 2009). In olive, after three-month
acclimatization, Py increased to 5.6 and 5.05 pmol(CO»)
m~2s7! for Chemlali and Oueslati, respectively, and reached
the values recorded in the adult olive tree (Msallem 2002)
indicating autotrophy acquisition. Estrada-Luna et al.
(2001) and Slavtcheva and Dimitrova (2001) found that Py
of in vitro-plantlets in Capsicum annum and Vitis vinifera
increased after 6 and 30 d of acclimatization, respectively.

In terms of g, and E, our results showed a significant
increase in the values of both parameters just after
transplantation of in vitro-grown olive plants, inversely
than Py values (Fig. 1). This was consistent with the work
of Pospisilova et al. (1998) who found E from in vitro
plants of Nicotiana tabacum increased in two weeks after
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Fig. 1. Net photosynthetic rate (Pn), leaf transpiration (£), and stomatal conductance (gs) of Chemlali and Oueslati olive varieties in vitro
and after 15, 30, 90, and 180 d of acclimatization. Means + SE (n = 30). Different letters for each curve indicate a significant difference

between values at p<0.05.

614



PHOTOSYNTHESIS DURING ACCLIMATIZATION OF IN VITRO-GROWN OLIVE

the beginning of acclimatization. Fila ez al. (1998) reported
a decrease of g; one month after Vitis transplantation. This
phenomenon should be related to the degree of stomatal
opening. In fact, some authors mentioned a malfunction of
those structures in vitro and the nonfunctioning stomata
during in vitro cultivation (Blanke and Belcher 1989).

According to PospiSilova ef al. (1999), the increase in
E just after transplantation and the nonfunctioning stomata
during in vitro culture are also due to the late development
of the cuticle and epicuticular wax. The decrease in water
potential of the atmosphere around the plantlets can also
explain the high E. Indeed, in in vitro culture conditions,
plantlets grow under saturating humidity which consider-
ably limits their E. For both parameters, a sharp decline in
their values was recorded after about six months of
acclimatization indicating that originally in vitro-grown
trees were well acclimatized since Py values indicated
autotrophic behaviour.

Our results showed that in vitro stomatal density values
were higher than those registered after transplantation, but
it was significantly different only 180 DA in Chemlali
variety (Table 1). The same decrease was observed in the
leaves of several species after ex vitro transfer (Blanke and
Belcher 1989, Capellades et al. 1990, Brutti et al. 2002,
Deccetti et al. 2008). This can be explained by enlarge-
mentinleafareathatresults in reducing the stomata number
per area unit. Deccetti ef al. (2008) mentioned that Annona
glara has a higher stomata frequency in leaves developed
in vitro than those of mother plant leaves of the same
species; they concluded that under conditions of higher
light and CO, availability, the number of stomata per mm?
increases. The reduction of the stomata number could be a
kind of plant adaptation to a hostile environment. Thus,
contrary to our results, the stomatal density may increase
after ex vitro transfer in some cases (Pospisilova et al.
2007).

Unlike stomata structure, which is present only on the
underside of the leaf in olive, the trichomes are found on
both the upper and lower sides of the leaf. During the
acclimatization, there was a significant increase in the
number of trichomes on both sides, mainly on the lower
side of the leaf for both varieties (Table 1). The densities

References

Agrawal A.A.: Induced responses to herbivory and increased
plant performance. — Science 279: 1201-1202, 1998.

Amancio S., Reborddo J.P., Chaves M.M.: Improvement of
acclimatization of micropropagated grapevine: photosynthetic
competence and carbon allocation. — Plant Cell Tiss. Org. 58:
31-37, 1999.

Batagin-Piotto K.D., De Almeida C.V., Piotto F.A ef al.: Anato-
mical analysis of peach palm (Bactris gasipaes) leaves culti-
vated in vitro, ex vitro and in vivo. — Braz. J. Bot. 35: 71-78,
2012.

Blanke M.B., Belcher A.R.: Stomata of apple leaves cultured in

Table 1. Densities (per mm?) of stomata and trichomes of
Chemlali and Oueslati olive varieties in vitro and after 15, 30, 90,
and 180 d of acclimatization. Means = SE (n = 30). Values not
followed by the same letter are significantly different at p<0.05.

Transfer Trichome number [mm2]

period  Oueslati Chemlali
Leaf upper side in vitro 1.00 +0.01¢ 3.48£0.10°
15d 1.20 £0.50¢ 3.44 £0.50°
30d 3.00 +0.50° 3.56 £0.01¢
90d 3.90 +0.50° 4.65+0.01°
180d 6.00 £0.15° 6.85+£0.10%
Leaf lower side invitro ~ 7.30 =0.90° 6.81 £0.204
15d 8.70 +£0.50¢ 7.21 +£0.304
30d 10.10 £0.50¢ 8.88 +£0.80°
90d 16.80 £0.80>  11.60+ 1.10°
180 d 28.60 +1.10*0  21.59+1.10%

Stomata number [mm™2]

Leaf lower side in vitro 341.22+22.92* 321.23 +30.00*
15d 339.36 +£20.30* 320.33 £21.00?
30d 334.10+20.10° 308.33 & 08.50°
90d 32520 £45.00° 296.30 & 25.00°

180d 269.40 £ 7.00° 249.30 +25.00°

of stomata and trichomes are inversely proportional, that
is, when the stomata number decreases, the trichome
density increases. Indeed, trichomes have an important
protective role mainly under ex vitro conditions. Similar
results were also reported by Donnelly et al. (1986). In fact,
an increase of trichome density is considered as one of the
defense responses of plants (Mauricio et al. 1997, Agrawal
1998, Steinite and Ievinsh 2003).

In conclusion, the changes recorded in in vitro-grown
olive leaves after the three-month period of acclimati-
zation indicated that plantlets could be considered well
acclimated. In fact, after this period, the photosynthetic
apparatus operated in a normal way and autotrophic
capacity was assumed to be properly acquired. Given the
obtained results, we can conclude that monitoring Px on
one hand and the densities of trichomes and stomata on the
other hand could help us to predict the necessary duration
of the acclimatization period.

vitro. — Plant Cell Tiss. Org. 19: 85-89, 1989.

Boujnah D.: [Morphological, anatomical and ecophysiological
variations related to drought resistance in olive.] — Doc. Thesis.
Gand University, Gand 1997. [In French]

Brutti C.B., Rubio E.J., Llorente B.E., Apodstolo, N.M.: Arti-
choke leaf morphology and surface features in different micro-
propagation stages. — Biol. Plantarum 45: 197-204, 2002.

Capellades M., Fontarnau R., Carulla C. et al: Environment
influences anatomy of stomata and epidermal cells in tissue-
cultured Rosa multiflora. — J. Am. Soc. Hortic. Sci. 115:
141-145, 1990.

615



A. CHAARI-RKHIS et al.

Chaari-Rkhis A., Maalej M., Drira N., Standardi A.: Micro-
propagation of olive tree (Olea europaea L.) cv. ‘Oueslati’. —
Turk. J. Agric. For. 35: 403-412, 2011.

Deccetti S.F.C., Soares A.M., Paiva R., De Castro E.M.: Effect
of the culture environment on stomatal features, epidermal cells
and water loss of micropropagated Annona glabra L. plants. —
Sci. Hortic.-Amsterdam 117: 341-344, 2008.

Desjardins Y., Gosselin A., Yelle S.: Acclimatization of ex vitro
strawberry plantlets in COz enriched environments and supple-
mentary lighting. — J. Am. Soc. Hortic. Sci. 112: 846-851,
1987.

Dias M.C., Correia C., Moutinho-Pereira J. et al.: Study of the
effect of foliar application of ABA during acclimatization. —
Plant Cell Tiss. Org. 117: 213-224, 2014.

Dobranszki J., Teixeira da Silva J.A.: Micropropagation of apple:
A review. — Biotechnol. Adv. 28: 462-488, 2010.

Donnelly D.J., Skelton F.E., Daudeny H.A.: External leaf fea-
tures of tissue-cultured Silvan blackberry. — HortScience 21:
306-308, 1986.

Estrada-Luna A.A., Davies F.T., Egilla J.N.: Physiological
changes and growth of micropropagated Chile ancho pepper
plantlets during acclimatization and post-acclimatization. —
Plant Cell Tiss. Org. 66: 17-24, 2001.

Fila G., Ghashghaie J., Cornic G.: Photosynthesis, leaf conduc-
tance and water relations of in vitro cultured grapevine root-
stock in relation to acclimatization. — Physiol. Plantarum 102:
411-418, 1998.

Grout B.W.W., Aston M.J.: Transplanting of cauliflower plants
regenerated from meristem culture: Water loss and water trans-
fer related to changes in leaf wax and to xylem regeneration. —
HortScience 17: 1-7, 1977.

Hazarika B.N.: Acclimatization of tissue-cultured plants. — Curr.
Sci. India 85: 1704-1712, 2003.

Hazarika B.N.: Morpho-physiological disorders in in vitro culture
of plants. — Sci. Hortic-Amsterdam 108: 105-120, 2006.

Kozai T., Kubota C., Jeong B.R.: Environnemental control for
the large-scale production of plants through in vitro techniques.
— Plant Cell Tiss. Org. 51: 49-56, 1997.

Mauricio R., Rausher M.D., Burdick D.S.: Variation in the
strategies of plants: are defense resistance and tolerance

616

mutually exclusive? — Ecology 78: 1301-1311, 1997.

Moncalean P., Fernandez B., Rodriguez A.: Actinidia deliciosa
leaf stomatal characteristics in relation to benzyladenine
incubation periods in micropropagated explants. — New Zeal. J.
Crop Hort. 35: 159-169, 2007.

Msallem, M.: [Study of juvenility in olive (Olea europaea L.):
morphological, anatomical, physiological and biochemical
aspects.] — Doc. Thesis. Inst. Nat. Agron., Tunis 2002.
[In French]

Murashige T., Skoog F.: A revised medium for rapid growth and
bio assays with tobacco tissue cultures. — Plant Physiol. 15:
473-497, 1962.

Osorio M.L., Gongalves S., Coelho N. et al.: Morphological,
physiological and oxidative stress markers during acclimatiza-
tion and field transfer of micropropagated Tuberaria major
plants. — Plant Cell Tiss. Org. 115: 85-97, 2013.

Pospisilova J., Synkova H., Haisel D., Batkova P.: Effect of
abscisic acid on photosynthetic parameters during ex vitro
transfer of micropropagated tobacco plantlets. — Biol.
Plantarum 53: 11-20, 2009.

Pospisilova J., Synkova H., Haisel D., Semoradova S.: Acclima-
tion of plantlets to ex vitro conditions: Effects of air humidity,
irradiance, CO2 concentration and abscisic acid (a review). —
Acta Hortic. 748: 29-39, 2007.

Pospisilova J., Ticha I., Kadle¢ek P. et al.: Acclimatization of
micropagated plants to ex vitro conditions. — Biol. Plantarum
42: 481-497, 1999.

Pospisilova J., Wilhelmova N., Synkova H. et al.: Acclimation of
tobacco plantlets to ex vitro conditions as affected by
application of abscisic acid. — J. Exp. Bot. 49: 863-869, 1998.

Serret M.D., Trillas M.1., Araus J.L.: The effect of in vitro culture
conditions on the pattern of photoinhibition during acclimation
of gardenia plantlets to ex vitro conditions. — Photosynthetica
39: 67-73, 2001.

Slavtcheva T., Dimitrova V.: Gas exchange of in vitro and ex
vitro grown grapevine plants. — Photosynthetica 39: 29-33,
2001.

Steinite 1., Ievinsh G.: Possible role of trichomes in resistance of
strawberry cultivars against spidermite. — Acta U. Latviensis
662: 59-65, 2003.




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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /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.)
    /CZE <>
  >>
  /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




