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The influence of initial medium pH on long-term axillary shoot proliferation was tested in Anderson's media sup-
plemented with 0.5 mg.1"! zeatin with initial pH adjusted to 4.0, 4.5, 5.0, 5.5 and 6.0 before autoclaving, with
the aim of increasing shoot proliferation in Vaccinium vitis-idaea L. cv. Koralle and Red Pearl. Shoot prolifera-
tion using in-vitro-derived single-node segments was markedly influenced by the cultivar and medium pH. Shoot
proliferation was significantly higher in cv. Koralle (6.92 shoots/explant) than in cv. Red Pearl (5.61
shoots/explant) at different culture medium pH. The study confirmed the importance of properly adjusted initial
culture medium pH for effective shoot proliferation. For cv. Koralle, medium pH 5.5 was the most favorable for
shoot proliferation. For cv. Red Pearl, the number of shoots formed was highest at pH 4.

Key words: Vaccinium vitis-idaea L., cv. Koralle, cv. Red Pearl, in vitro axillary shoot proliferation,

culture medium pH.

INTRODUCTION

Lingonberry (Vaccinium vitis-idaea L.) is a com-
mercially important and biologically valuable plant
species suitable for cultivation as a fruit crop,
medicinal plant and ornamental ground cover. To
satisfy the increasing demand for lingonberry plants
and fruits, in vitro production of large amounts of
good quality planting material is needed for com-
mercial plantations. It is known that different culti-
vars of the same species differ in their requirements
for growth conditions in vitro. Thus the search for
optimal culture conditions, to achieve satisfactory
micropropagation rates.

Besides the composition of basal culture medi-
um and growth regulators, another factor limiting
successful plant micropropagation is the hydrogen
ion concentration of the medium, expressed by the
pH value. It influences the utilization of medium
components such as macro- and microelements and
growth regulators. In general, pH values in the range
of 5.5-5.8 are recommended for in vitro culture of
the majority of plant species (George, 1993).
However, the most effective pH value is specific to the
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individual plant species and even cultivars, and has
to be determined experimentally. For acidophilous
plants, including lingonberry, effective values of soil
pH in natural conditions range from 3.5 to 4.8
(Brissette et al., 1990; Hricovsky et al., 2002), and
they need acidic culture media as well. Certain
changes in medium pH occur during medium auto-
claving and culture, but correctly adjusted initial
medium pH can ensure regulated uptake of single
medium components and increased growth (Selby et
al., 1989; Rossi-Hassani and Zryd, 1995).

We observed shoot proliferation from in vitro-
derived single-node explants of Vaccinium vitis-
idaea cv. Red Pearl and Koralle on Anderson's
(1980) medium (AN) at different initial medium pH,
with the aim of optimizing culture conditions for
maximal axillary shoot proliferation.

MATERIALS AND METHODS
CULTURE ESTABLISHMENT

The initial plant material, stems with dormant buds,
was collected from mature plants of Vaccinium
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vitis-idaea cv. Koralle and Red Pearl during
February and March 2009. Stems were cut into sin-
gle-node segments carrying an apical or axillary bud.
The segments were washed under running water for
1 h and sterilized 2 min in 70% ethanol, 6 min in
0.1% solution of mercuric chloride with 3 drops of
Tween, followed by washing 3 X 15 min in sterile
distilled water. After sterilization the upper scales
were removed from the buds. For shoot initiation
the explants were cultivated horizontally on AN
medium supplemented with 30 g I'' sucrose, 8 g 1!
Phyto agar and 0.75 mg 1! zeatin at pH adjusted to
4.8-5.0 (Gajdosova et al., 2007).

TESTING EFFECT OF MEDIUM pH
ON SHOOT PROLIFERATION

The shoots derived in vitro were cut into single-node
segments which were further cultivated on AN media
in which the initial medium pH was adjusted to 4.0,
4.5, 5.0, 5.5 and 6.0 before autoclaving for 20 min
at 120°C and 118 kPa. AN medium was supple-
mented with 30 g I'! sucrose and 0.5 mg I"! zeatin,
which we used successfully for long-term axillary
shoot proliferation in previous experiments
(Gajdosova et al., 2007). Zeatin always was added to
the culture medium after autoclaving. We used Phyto
agar (8 g 1) as gelling agent in the media; it is char-
acterized by high gel strength, for satisfactory gelling
at low pH. Changes in basal medium pH after auto-
claving and after addition of zeatin were recorded as
averages of three measurements.

Shoots were cultured at 25°C with a 16 h pho-
toperiod and light intensity 50 umol m? s™'. We used
18 glass jars with 30 ml medium and 5 explants per
jar, in two replicates of 9 jars for each treatment.
The influence of initial medium pH in the presence
of zeatin on shoot proliferation was followed at
5-6-week intervals during three subcultures and
expressed as mean number of shoots per explant.
The results were evaluated statistically using
Statgraphics Plus 5 for Windows including Scheffe's
test, at p < 0.05.

RESULTS AND DISCUSSION
CULTURE ESTABLISHMENT

The cultures were established by shoot initiation
from dormant apical and axillary buds of both
cultivars of Vaccinium vitis-idaea on AN medium
with 0.75 mg 1'! zeatin. After 5 weeks of culture the
mean number of shoots per primary explant was
5.0 for cv. Koralle and 6.8 for cv. Red Pearl. The
shoots were vigorous with good elongation growth.
Shoots 30-40 mm long were separated and sub-
cultured on the same medium. The cultures were
used as the source of single-node explants for test-
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ing the influence of initial medium pH on the effi-
ciency of long-term axillary shoot proliferation of
the lingonberry cultivars.

EFFECT OF MEDIUM pH ON SHOOT PROLIFERATION

Many authors have examined the effect of culture
medium pH on the morphogenic reaction and tissue
growth in vitro in different plant species (George,
19938; Leifert et al., 1992, 1995; Williams, 1995;
Ruzi¢, 2004; Bhatia and Ashwath, 2005; Andersone
and Ievinsh, 2008; de Klerk et al., 2008). In our
experiments we tested axillary shoot proliferation in
lingonberry on culture media having different acidi-
ty levels without any added buffer in order to deter-
mine the most suitable initial medium pH for effec-
tive routine micropropagation. We recorded changes
in the pH of basal medium without zeatin after auto-
claving and after adding zeatin (Tab. 1). The meas-
urements of basal medium pH after autoclaving
showed a shift in medium pH to higher acidity; the
extent of the change depended on the initial pH
value. At initial medium pH 4 it decreased after
autoclaving by 0.24 units, while at pH 6 the decline
was sharper (1.63 units). Adding zeatin to the auto-
claved media raised the pH: the final pH of the
media that had been at pH 4.0, 4.5 and 5.0 before
autoclaving reached virtually the same values as the
initial ones, but for media whose pH was 5.5 and 6.0
before autoclaving the final pH differed markedly.
These changes were most probably due to the chem-
istry of zeatin added to the culture medium, as well
as the NaOH used in preparing the zeatin storage
solution.

According to Thorpe et al. (2008) the drop in
pH after autoclaving may vary according to the pH to
which the medium was initially adjusted. Selby et al.
(1989) also confirmed changes in medium pH after
autoclaving dependent on initial medium pH: at low
initial pH the medium acidified by 0.1-0.2 units,
and at higher initial pH the value decreased by
0.8-0.9 units. Heat sterilization can significantly
alter medium pH through denaturing of proteins,
hydrolysis of carbohydrates and dissolution of salts.
Several authors have called attention to changes in
medium pH caused by changes in medium compo-
nents (Owen et al., 1991; Druart and Wulf, 1993).
The changes of medium pH after we added zeatin
confirm the important influence of components
added to the medium after autoclaving.

Table 2 shows the results of multiple range
analysis of shoot number per explant at different
culture medium pH. Two repeated experiments con-
firmed the significant effect of initial medium pH on
shoot proliferation in both cultivars (Fig. 1). For cv.
Koralle, shoot proliferation was highest on medium
with zeatin at pH 5.5 (6.92 shoots/explant), and low-
est (5.54 shoots/explant) at pH 4.0 (Fig. 2a,b). For
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TABLE 1. Changes in initial medium pH after autoclaving

Medium pH after

Initial medium pH before autoclaving
autoclaving
without zeatin without after zeatin
zeatin addition
4.0 3.76 3.88
4.5 4.14 4.50
5.0 4.69 5.09
5.5 4.70 4.93
6.0 4.37 4.64

Note: pH values after autoclaving are means of three measure-
ments.
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Fig. 1. Shoot number per explant of cv. Koralle and Red
Pearl at different culture medium pH.

cv. Red Pearl, shoot proliferation was significantly
higher (5.61 shoots/explant) at highest medium
acidity (pH 4.0) than at the other tested pH levels
(Fig. 3a,b).

The Koralle and Red Pearl cultivars differed sig-
nificantly in shoot proliferation ability. It was signif-
icantly higher in Koralle than in Red Pearl. Those
differences confirmed the dependence of shoot pro-
liferation on cultivar genotype. Other authors have
reported similar correlations (Popowich and
Filipenya, 1997; Debnath, 2009; Sedlak and
Paprstein, 2009).

Information on the effect of culture medium pH
on shoot proliferation in Vaccinium spp. is sparse,
especially for V. vitis-idaea. Testing the effect of
medium pH on shoot proliferation in Vaccinium
corymbosum cv. Duke, Ostrolucka et al. (2004)
found differences in shoot proliferation depending
on culture medium pH, with shoot proliferation
highest at pH 5. Wolfe et al. (1986) studied the cor-
relation between medium pH and shoot growth in
Vaccinium corymbosum cv. Bluecrop. They found

TABLE 2. Multiple range analysis of shoot number per
explant of cv. Koralle and Red Pearl at different pH of cul-
ture medium with zeatin

Average number of

. shoots/explant
Medium Count

pH (n) Koralle Red Pearl
Mean = SE Mean = SE

4.0 90 5.54£0.26 a 5.61+0.30b

4.5 90 5.75+£0.35ab 4.06+0.24 a

5.0 90 6.57 £0.30 bc  4.05+0.25a

5.5 90 6.92+0.34 c 4.51+0.18 a

6.0 90 6.00+£0.22ab 4.38+0.24a

n — number of observations; data are means +SE of two replicates
of 45 explants each; values denoted by the same letter within col-
umn do not differ significantly by Scheffe's test at p < 0.05.

no significant differences in shoot elongation on
woody plant medium (Lloyd and McCown, 1980) at
pH 4.0-6.0, but shoot growth declined markedly at
pH 6.5, decreasing the yield from micropropagation.
Staniene and Stanyte (2007) found that substrate
pH affected cranberry microshoot length both ex
vitro and in vitro. In Vaccinium spp., Finn et al.
(1991) confirmed that higher pH (6.0) had negative
effects not only on seed germination in vitro but also
on the vigor and dry weight of seedlings. A study
testing medium pH in the 3-6 range (Borkowska,
1996) found initial pH 5.0 to be suitable for culture
of Vaccinium corymbosum, but high medium acidi-
ty (pH 3.0) inhibited shoot growth. Debnath (2003,
2004, 2005) and Jaakola et al. (2001) determined
that initial pH 4.8-5.0 was suitable for successful
growth of lingonberry.

It is known that medium pH has effects not only
on the uptake of medium ingredients but also on
chemical reactions, especially those catalyzed by
enzymes (Thorpe et al., 2008). Most Vaccinium
species have strict soil requirements for optimal
growth, requiring low pH, high iron availability, and
nitrogen primarily in the form of ammonium. The
limitation of acidophilous plant growth under high
soil pH may be due to decreasing uptake of single
elements. The activity of enzymes influencing the
uptake of some elements (ferric chelate reductase,
an enzyme localized to the plasma membrane, regu-
lates the uptake and distribution of Fe through the
whole plant; nitrate reductase regulates nitrogen
uptake) is pH-dependent, with pH optima differing
between species (Moog and Bruggemann, 1994;
Poonnachit and Darnell, 2004). Lingonberry grows
wild in diverse habitats ranging from lowland to
upland and mountain areas, on substrate ranging
from more or less acid soils to pure peat bogs
(Gustavsson, 1997). For this reason a certain degree
of adaptation to soil pH is characteristic of the dif-
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Fig. 2. Shoot proliferation of cv. Koralle on Anderson's
medium with 0.5 mg 1! zeatin at medium pH 5.5 (a) and
pH 4.0 (b).

ferent genotypes. Skirvin et al. (1986) observed inter-
action between plant and medium resulting in
adjustment of medium pH towards equilibrium, irre-
spective of the initial pH. The various compartments
of cells have different pH, and this pH is maintained.
Altering the pH of the external solution surrounding
the tissue can alter the pH of the cells. However,
essential internal controls ensure that the pH within
the explant (apoplasm and symplasm pH) will be
affected only slightly by medium pH. Then the effect
of medium pH occurs in the medium or at the inter-
face between explant and medium. The effect of
medium pH will penetrate towards the inner tissue of
the explant as the buffering capacity of the medium
is increased, and thus will overcome buffering by the
tissue (Thorpe et al., 2008). Anderson's (1980) medi-
um, used in our experiments, is a weakly buffered
medium, thus the plant has to expend more energy
to maintain the proper physiological pH internally,
and this finally affects plant growth. The period of
adaptation to nonoptimal acidity of the substrate
depends on the plant genotype (Staniene and
Stanyte, 2007). Depending on the initial pH and
buffering capacity of the medium, explants have to
expend a certain amount of energy to adapt the cul-
ture medium pH to ensure optimal growth. When the
initial medium pH is properly adjusted, buffering by
the tissue is decreased. Adjusting the initial medium
pH can enable a plant to save energy for better
growth and development (Thorpe et al., 2008).

Fig. 3. Shoot proliferation of cv. Red Pearl on Anderson's
medium with 0.5 mg 1"} zeatin at medium pH 4.0 (a) and
pH 6.0 (b).

The cultivars we tested differed in their
response to culture medium pH. For cv. Koralle the
best shoot production was achieved on media with
initial pH 5.0-5.5, while for cv. Red Pearl the opti-
mal medium pH was 4.0. In our experiments the
tested pH values 4.0-6.0 never inhibited shoot pro-
liferation completely, indicating that the tested culti-
vars have a certain degree of tolerance within that pH
range.

ACKNOWLEDGEMENTS

This work was supported by Slovak Grant Agency
VEGA, project no. 2/0004/08 and MVTS project
COST 863 Action.

REFERENCES

ANDERSON WC. 1980. Tissue culture propagation of Red and
Black Raspberries, Rubus idaeus and Rubus occiden-
talus. Acta Horticulturae 112: 30-31.

ANDERSONE U, and IEVINSH G. 2008. Medium pH affects regen-
eration capacity and oxidative enzyme activity of Pinus
sylvestris in tissue culture. Acta Universitatis
Latviensis 745: 25-35.

BHATIA P, and AsuwaTH N. 2005. Effect of medium pH on shoot
regeneration from the cotyledonary explants of tomato.
Biotechnology 4: 7-10.

Borkowska B. 1996. Wymagania roslin boréwki wysokiej
pochodzacych z in vitro. Ogrodnictwo 2: 17-18.



W\-\'\’\;.(lé‘dS()])J‘.hlllﬂ.])lel.pl P

96 Ostr

N www journals.pan.pl
! L

POLSKA AKADEMIA NAUK

BRISSETTE L, TREMBLAY L, and Lorp D. 1990. Micropropa-
gation of lowbush blueberry from mature field-grown
plants. HortScience 25: 349-351.

DEBNATH SC. 2003. Micropropagation of small fruits. In: Jain
SM, and Ishii K [eds.], Micropropagation of Woody Trees
and Fruits, 465-506. Kluwer Academic Publishers,
Dordrecht.

DEBNATH SC. 2004. In vitro culture of lowbush blueberry
(Vaccinium angustifolium Ait.). Small Fruits Review 3:
393-408.

DEBNATH SC. 2005. Effects of carbon source and concentration
on development of lingonberry (Vaccinium vitis-idaea L.)
shoots cultivated in in vitro from nodal explants. In vitro
Cellular and Developmental Biology - Plant 41:
145-150.

DEBNATH SC. 2009. Propagation and cultivation of Vaccinium
species and less known small fruits. Latvian Journal of
Agronomy 12: 22-29.

DruarT PH, and pDE WULF O. 1993. Activated charcoal catalyses
sucrose hydrolysis during autoclaving. Plant Cell, Tissue
and Organ Culture 32: 97-99.

DE KLERK GJ, HANECcaKOvVA J, and Jasik J. 2008. Effect of medi-
um-pH and MES on adventitious root formation from
stem discs of apple. Plant Cell Tissue and Organ
Culture 95: 285-292.

FInN CE, LuBy JJ, RoseN CJ, and AscHER PD. 1991. Evaluation
in vitro of blueberry germplasm for higher pH tolerance.
Journal of the American Society for Horticultural
Science 116: 312-316.

GAJDOSOVA A, OSTROLUCKA MG, LIBIAKOVA G, and ONDRUSKOVA E.
2007. Protocol for micropropagation of Vaccinium vitis-
idaea L. In: Jain SM, and Haggman H [eds.], Protocols
Jor Micropropagation of Woody Trees and Fruits,
447-464. Springer, Dordrecht.

GEORGE EF. 1993. Plant Propagation by Tissue Culture, part
1. The Technology, Exegetics Ltd.

GustavssoN BA.1997. Breeding strategies in lingonberry cul-
ture (Vaccinium vitis-idaea). Acta Horticulturae 446:
29-137.

HRICovskY I, CaGANOVA I, HORCIN V, and SmvaLa D. 2002. Small
Jruits and less known fruit species. Priroda, Bratislava.
(In Slovak).

JaakoLa L, ToLvAREN A, LaINE K, and HoHTtoLa A. 2001. Effect
of N — isopentenyladenine concentration on growth initi-
ation in vitro and rooting of bilberry and lingonberry
microshoots. Plant Cell Tissue and Organ Culture 66:
73-77.

LEIFERT C, PRYCE S, LUuMSDEN PJ, and Wartes WM. 1992. Effect
of medium acidity on growth and rooting of different
plant specie growing in vitro. Plant Cell, Tissue and
Organ Culture 30: 171-179.

LEIFERT C, MurPHY KP, and LuMsDEN PJ. 1995. Mineral and
carbohydrate nutrition of plant cell and tissue cultures.
Critical Rewiews in Plant Sciences 14: 83-109.

LrLoyDp G, and Mccown B. 1980. Commercially feasible micro-
propagation of mountain laurel (Kalmia latifolia), by use
of shoot tip culture. Proceedings of the International
Plant Propagators' Society, vol. 30, 421-427.

MooG PR, and BRUGGEMANN W.1994. Iron reductase systems
on the plant plasma membrane. A review. Plant and Soil
165: 241-260.

OSTROLUCKA MG, LiBIAKOVA G, ONDRUSKOVA E, and GAJDOSOVA A.
2004. In vitro propagation of Vaccinium species. Acta
Universitatis Latviensis, Biology 676: 207-212.

OweN HR, WENGERD D, and MILLER AR.1991. Culture medium
pH is influenced by basal medium, carbohydrate source,
gelling agent, activated charcoal, and medium storage
method. Plant Cell Reports 10: 583-586.

PorowicH EA, and FiLipENyAa VL. 1997. Effect of exogenous
cytokinin on viability of Vaccinium corymbosum L.
explants in vitro. Russian Journal of Plant Physiology
44: 104-107.

PoonnacHIT U, and DARNELL R, 2004. Effect of ammonium and
nitrate on ferric chelate reductase and nitrate reductase
in Vaccinium species. Annals of Botany 93: 399-405.

RossI-Hassant BD, and Zryp JP. 1995. In vitro culture and
plant regeneration of large flowered purslane. Plant Cell
Tissue and Organ Culture 41: 281-283.

Ruzi¢c D. 2004. Specificnost Mineralne Ishrane u Kulturi In
Vitro. Izd. Zaduzbina Andrejevi¢, Beograd.

SEDLAK J, and PAPRSTEIN F. 2009. Micropropagation of high-
bush blueberry cultivars. Latvian Journal of Agronomy
12: 108-113.

SELBY C, LEE R, and HARVEY BMR. 1989. The effects of culture
medium rigidity on adventitious bud production and tis-
sue vitrification in needle cultures of Sitka spruce (Picea
sitchensis (Boog.) Carr.). New Physiologist 113:
203-210.

SKIRVIN RM, CHU MC, MaNN ML, YouNnG H, SuLLivaN J, and FER-
MANIAN T. 1986. Stability of tissue culture medium pH as
a function of autoclaving, time, and cultured plant mate-
rial. Plant Cell Reports 5: 292-294.

STANIENE G, and STANYTE R. 2007. Adaptation of American
cranberry to substrate pH in vitro and ex vitro. Zemes
ukio mokslai 14: 40-44.

THORPE T, StasoLLA C, YEUNG EC, DE KLERK G-J, ROBERTS A,
and GEORGE EF. 2008. The components of plant tissue
culture media II: Organic additions, osmotic and pH
effects and support systems. In: George EF et al. [eds.],
Plant Propagation by Tissue Culture. 3rd edition, vol. 1,
The Background, 115-175. Springer, Dordrecht.

WiLLiams RR. 1995. The chemical microenvironment. In:
Aitken-Christie J, Kozai T, and Smith LM [eds.],
Automation and Environmental Control in Plant Tissue
Culture, 405-439. Kluwer Academic Publishers,
Dordrecht.

WoLrE D, CHIN CK, and Eck P. 1986. Relationship of the pH of
medium to growth of 'Bluecrop' highbush blueberry in
vitro. HortScience 21: 296-298.




<<
  /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
  /CreateJDFFile false
  /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

  /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


