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INFLUENCE OF BETOKSON SUPER
AND FERTILIZERS ON CHEMICAL COMPOSITION
OF FRUITS AND LEAVES OF BLUE HONEYSUCKLE

Iwona Szot, Tomasz Lipa
University of Life Sciences in Lublin

Abstract. The aim of the experiment was study the response of blue honeysuckle cv.
‘Atut’ and ‘Duet’ to application of Betokson Super and some fertilizers. The study was
carried out in 2004-2007 on three years old plants growing in clay-loam soil. Bormax ap-
plied twice during blooming period and one after fruit harvest in concentration 0.2%. Cal-
cium nitrate Ca(NOs), applied to the soil around plants in April at the rate of 50 kg-ha™.
Betokson Super 050 SL applied twice during blooming period in concentration 0.1%. Fi-
nally combination of calcium nitrate + Bormax and calcium nitrate + Betokson were used.
Untreated by chemicals plants served as a control. Boron fertilization enhanced signifi-
cantly amount of anthocyanins and ascorbic acid in fruit. Blue honeysuckle fruits are
plenty of anthocyanins and ascorbic acid and as a first ripening fruit in our climate could
be a good its source for human consumption. Soil application of calcium nitrate resulted
in significantly lower levels of phosphorus in leaves of blue honeysuckle. However plants
did not showed the symptoms of P deficiency. According to results of present study, in
order to reach high yield and high fruit quality, blue honeysuckle plants could be fertilized
by calcium nitrate and Bormax, as well as treated by Betokson Super. Clear differences in
yielding and leaf characteristic of both studied cultivars indicate that they are genetically
distant.

Key words: Lonicera caerulea var. kamtschatica, quantity and quality of yield, chemical
composition of leaves

INTRODUCTION

The blue honeysuckle are alternative berry plant in Poland, witch come from Russia
and it has introduced to cultivation at second half of 19’th century [Antalikova and
Matuskovic 2006]. In Poland, blue honeysuckle becomes more and more popular, espe-
cially in amateurish cultivation and small plantation. Plants on the plantation, in order to

Corresponding author — Adres do korespondencji: Iwona Szot, Department of Pomology, Univer-
sity of Life Sciences in Lublin, ul. Leszczynskiego 58, 20-068 Lublin, Poland, tel.: (+48) 81 524
71 41, e-mail: szoti@autograf.pl



114 1 Szot, T. Lipa

improve the quantity and quality of yield, require several treatments. Proper manage-
ment of nutrition at proper time is particularly important to reach a commercial berry
production. Adequate plant nutrition is important for good healthiness, high yielding
and fruit quality. The are two main methods of fertilization: addition of fertilizer di-
rectly to the soil and foliar spraying. Both have been proved to be effective crops. Soil
application are generally used for applying to field crops, but foliar sprays are more
common on perennial crops such as fruit trees and bushes. Foliar application rates are
usually about 50% lower than soil application rates [Abdollahi et al. 2010].

The positive effect of calcium treatments on berry firmness, rot resistance and stor-
age quality in strawberry plantation has been reported [Cheour et al. 1991, Wojcik and
Lewandowski 2003]. Calcium binds pectin in the middle lamella cell walls thereby
reinforcing cell strength and improving quality. High concentration of calcium are re-
quired to ensure diffusion to the blossom end will occur.

Another nutrient which also has an important role in fruit quality is boron. Boron is
an essential element for all vascular plants. It play a role in carbohydrate and RNA
metabolism and prevents phenolic accumulation which inhibits auxin activity. It is es-
timated that approximately 70% of the agricultural land in Poland has low B status
[Wojcik 2004].

The next management performed to improve plant productivity, as well as quality
and nutritional value of fruits is the use of biostimulants. The typical preparation from
group of synthetic biostimulants is Betokson Super 050 SL containing 2-naphtoxyacetic
acid. It is applied in cultivation of strawberry and other fruit plant to improve field, fruit
quality and to accelerate their ripening [Zurawicz et al. 2004].

The aim of this study was to examine the vegetative and the generative responses of
blue honeysuckle to fertilization and application of Betokson Super.

MATERIAL AND METHODS

The study was carried out at University of Life Science, Lublin in 2004-2007.
The plantation of two blue honeysuckle (Lonicera caerulea var. kamtschatica)
cultivars ‘Atut’ and ‘Duet’ was established in the spring of 2001, near Lublin in Poland
(NL: 51°, EL: 22°). Bushes were planted in a bed system with spacing 1 x 1 x 1.2 m.

The soil and climatic conditions of experimental site were as follows: clay-loam,
pH 6,5, many-year averages of temperature during vegetative period is 13.1°C, average
rainfall 552 mm per year. The actual values of average rainfall and temperature in
April-June 2004-2007 are given in Table 1. Thermal conditions were favorable for the
growth and development of blue honeysuckle in 2004, 2005 and 2007. Despite the low
temperatures of April in 2006, the term of individual phonological phases did not differ
from other years of research. Basing on the results of Pokorna-Jurikova and Matuskovic¢
[2007], which were reached from the experiment established on Lolicera edulis and
Lonicera kamtchatica, it can be assumed that humid conditions had no effect on the
nutritional value of leaves and fruit quality.

The conventional agronomic treatments were adapted to low soil and water require-
ments of the species. No chemical plant protection was applied because of resistance to
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diseases and pests of Lonicera plants. Twelve bushes were planted for each treatment.
To avoid the potential movement of fertilizers, around the plots the isolation belts were
applied with successive two shrubs.

The fertilization was applied in the following combinations:

1. The control — untreated plants;

2. Bormax applied twice during blooming period and one after fruit harvest in con-
centration 0.2%;

3. Calcium nitrate Ca(NOs), applied to the soil around plants in April at the rate of
50 kg-ha™;

4. Betokson Super 050 SL applied twice during blooming period in concentration
0.1%;

5. Calcium nitrate + Bormax: Calcium nitrate Ca(NOs), applied to the soil around
plants in April at the rate of 50 kg-ha™ and Bormax applied twice during blooming pe-
riod and one after fruit harvest in concentration 0.2%;

6. Calcium nitrate + Betokson: Calcium nitrate Ca(NO;), applied to the soil around
plants in April at the rate of 50 kg-ha™ and Betokson Super 050 SL applied twice during
blooming period in concentration 0.1%.

Bormax is liquid fertilizer for foliar application. It is containing 3.7% of nitrogen
and 11% of boron, as boroetaloamin, which is easy absorbed by plant.

Calcium nitrate (Ca(NOs), is modern granular fertilizer for soil application. It is con-
taining nitrogen (15.5%) mainly as nitrate nitrogen and calcium (26%) as CaO,

Betokson Super is containing 25 g 17" salt of 2 — naphtoxyacetic acid with trietha-
nolamin.

Effect of treatments on yield and fruit quality, as well as on mineral maters were
evaluated on the basis of the following indices:

— Total yield from each bush which is the sum of individual harvests. In every year
the yield was harvested tree times in period 07-28 of June;

— Mean mass of 100 fruits;

The 2 kg bulk samples of fruits from treated and non-treated bushes for each cultivar
were collected at the second harvest. The samples of blue honeysuckle fruits were ana-
lyzed for:

— Dry matter content (%) with the oven-drying method);

— Soluble solids content (%) was determined with an Abbé refractometer;

— Total sugar content (%) was determined according to the Loof-Schoorl method
[Kretkowska-Kutas 1993];

— Acidity (%) was determined potentiometrically by titration with 0.1 N NaOH solu-
tion and was converted to malic acid [Yermakov et al. 1987];

— Anthocyanins content %) — colorimetric method, converted to cyaniding chloride);

— Ascorbic acid content (%) was determined by colorimetric method of Roe and Ku-
ether [1943].

The samples of leaves for chemical analyzes were taken in the second half of July.
The indicator parts were whole leaf with petiole, which was 35" leaf from the tip of
annual shoots. One sample contained about 100 leaves. After drying the material the
following were determined: Nitrogen (N) content was determined after mineralization
using Kjeldahl’s method, phosphorus (P) content was determined by colorimetric
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method with ammonium molybdate; potassium (K), calcium (Ca) and magnesium (Mg)
content was determined by ASA method.

A leaf portion from each sample was kept fresh for chlorophyll determination chlo-
rophyll a and b (mg-g”' of fresh matter) was determined colometrically according the
methods of Arnon [1949].

Experimental data were statistically elaborated using analysis of variance for two-
factorial experiments and Tukey’s test at P = 0.05. Data were analyzed by ‘STATIS-
TICA’ program.

RESULTS AND DISCUSSION

Yield and fruit quality. It can be seen that blue honeysuckle cultivars: ‘Atut’ and
‘Duet’ in general reacted positively to treatments with fertilizers and Betokson Super
(tab. 2). Similar tendencies were obtained in study of Szot and Wieniarska [2012] after
using calcium nitrate alone or followed by Goémar”BM 86. Calcium nitrate + Betokson
Super and Betokson Super alone significantly improved yield in ‘Atut’. The yield of
cv. ‘Duet’ increased after application calcium nitrate + Bormax, calcium nitrate + Be-
tokson Super and calcium nitrate alone. The improvement in the weight of 100 fruits of
both cultivars after treatments was stated, however only application calcium nitrate +
Betokson Super on ‘Duet’ resulted in significant higher values of described feature, as
compared to the control. The results showed, that yield of blue honeysuckle treated by
calcium nitrate or Betokson Super was higher than those of control plots (tab. 4). This
effect was due to improved fruit set because weight of 100 berries did not differ among
treatments. However significant increasing in yield of bushes treated by calcium nitrate
+ Bormax and calcium nitrate + Betoxon Super did not result from fruit set, because of
significant improving of weight of 100 berries in mentioned combinations. Beneficial
influence of calcium nitrate fertilization on quantity of yield was noted by Domagata-
Swiatkiewicz [2006] on apple trees cv. ‘Elise’.

Blue honeysuckle of cv. ‘Atut’ beneficial reacted in yield and fruit quality (dry mat-
ter, content of, sugar and acidity) after using Betokson Super alone (tab. 4). This results
are in line with those reported by Masny et al [2002]. They stated that Betokson Super,
particularly at 0.1 percent concentration, exerted a markedly positive effect on total
yield and berry size of strawberry cv. ‘Senga Sengana’ and ‘Ducat’. Thakur et al. [1991]
for ‘Teoga’ strawberry stated that using o-naphthyloacetic acid applied at concentra-
tions from 5 to 20 ppm increased fruit diameter and weight. However Marjanska-
-Cichon and Sapieha-Waszkiewicz [2011] stated that Betokson Super during tree years
of study influenced on slightly lower yield of strawberry cv. ‘Salut’ compared to the
control.

Fertilizers did not effect on concentration of soluble solids, sugar and acidity
(tab. 4). Whereas application of Betokson Super influenced on significantly higher con-
tent of dry matter, sugar and ascorbic acid in fruits as compared to the control. Zmuda et
al. [2001] studying the effect of differ concentration of Betokson Super stated signifi-
cant increasing in amount of ascorbic acid in strawberry fruit after application in con-
centration 0.1 and 0.2%. Using of Bormax resulted in significantly higher content of
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anthocyjanins and ascorbic acid (tab.4). Wang and Lin [2003] speculated that conditions
for optimum plant growth increased nutrient availability and antioxidant production.
Wojcik [2005] working on raspberry cv. ‘Polana’ stated that fertilization increased
soluble solids content in fruit as explained by improved transport of sugars in the
phloem via the formation of B-sugar complex. He supposed that it could be resulted
from increased leaf photosynthesis rate.

Some researchers proved the beneficial influence of calcium application on antho-
cyanins content in fruit. Vitrac et al. [2000] suggested the involvement of Ca®" in the
induction of anthocyanin biosynthesis in grape cells. Li et al. [2004] also observed the
positive effect of calcium on anthocyanin accumulation in intact apple fruit and there-
fore suggested that calcium may affect anthocyanin synthesis via the increase in the
activity of chalcone isomerase. Data reported herein do not indicate the beneficial influ-
ence of calcium nitrate on anthocyanins content (tab. 4). It could be explained by the
fact that the main constituent of calcium nitrate, beside of calcium is nitrogen. The ef-
fect of nitrogen on anthocyanin accumulation remains unclear. Lekhova [1971] ob-
served that a low level of nitrogen fertilization increased the amount of anhocyanin
pigments. Sato et al. [1996] reported that in suspended cell cultures of strawberry, an-
thocyanin accumulation was enhanced by treatment with to 14.6 mM total nitrogen, but
decreased at higher doses.

Cultivars ‘Atut’ and ‘Duet’ differed significantly in quantity and quality of the yield
(tab. 3). Blue Honeysuckle cv. ‘Duet’ gave higher yield with bigger fruit, which charac-
terized significantly higher concentration of sugar and much lower content of dry mat-
ter, ascorbic acid and acidity. It corresponds with findings of Szot and Wieniarska
[2012].

Leaf chemical composition. There is a lack of sufficiency ranges of blue honey-
suckle leaf nutrients, however basing on such indication for strawberry leaves [Al-
maliotis et al. 2002] it could be conclude that N (2.07-3.04%) and P (0.20-0.38%) were
in proper concentration, while K (1.84-2.21%) and Mg (0.25-0.70%) concentration was
much lower and Ca (0.77-1.48%) higher above recommended level (tab. 5 and 7). Rely-
ing on the leaf analysis standards for the apple and pear tree [Hoying et al. 2004] all
minerals were in sufficient amount, besides of lower Mg concentration. Leaf analysis
integrates all factors contributing to plant’s nutritional status including soil nutrient
content, plant and root nutrient and conductive tissue to transport minerals to where
they are need. No visible signs of deficiency in present study (for example small fruit,
poor soluble solids content, premature fruit drop and weak bushes growth) indicates that
the plants of blue honeysuckle were well-revitalized. Fertilization with calcium nitrate
alone or followed by Bormax and Betokson Super decreased the phosphorus content in
blue honeysuckle leaves (tab. 7), and especially in cv. ‘Atut’ (tab. 5). Similar results
were obtained in study on sour cherries cv. ‘Lutéwka’ [Pacholak et al. 2011]. Nitrogen
fertilization exerted a significant effect in leaves on the decrease of phosphorus. Rumas-
Rudnicka et al. [2009] also showed that nitrogen fertilization resulted in decreasing of
leaves phosphorus content in raspberry cv. ‘Norna’. Svagzdys and Viskelis [2002]
stated that phosphorus and potassium levels in leaves of young apple trees were higher
after nitrogen application in dose 50 kg-ha™'. However higher doses (100 kg-ha™) con-
tributed to decreasing in amount of mentioned nutrients in leaves, as compared to the
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control. Regardless of nitrogen fertilization leaves and fruits from older apple trees
always had lower concentration of phosphorus and potassium. Effect of fertilization by
calcium nitrate on decrease in phosphorus concentration in leaves could be explained by
pseudo antagonism. Excessive nitrogen supply of plant may result in slower uptake and
transportation of phosphorus, which in such conditions left behind the plant growth.

Regarding leaf chlorophyll content data presented in Table 7. show that chlorophyll
a and b content showed significant increase due to all studied treatments compared with
the control. The significant higher content of chlorophyll a and b stated after application
Bormax alone, as well as calcium nitrate + Bormax and calcium nitrate + Betokson
Super. That results are in agreement with study of Shahin et al. [2010], who worked on
apple cv. ‘Anna’ treated by foliar fertilizer and gibberellic acid. The observe increase in
the concentration of magnesium in the leaves in blue honeysuckle might help in inter-
pretation the obtained results (tab. 7). The participation of magnesium in the structure
and the integrity of the chlorophyll molecules together play indispensable role with iron
in chlorophyll synthesis [Bidwell 1979]. Faust [1989] reported that over 10-20% of leaf
magnesium are located in the chlorophyll. Thurzo6 et al. [2010], basing on three years of
study on sweet cherries stated that foliar application of B during flowering increased
content of chlorophyll a and b in leaves. Previously not found that B is the component
of any enzyme or is effecting their activity. Application of B or lack of this microele-
ment influence on the process of some reaction. Boron is of key importance in many
physiological processes [Marschner 1995].

Studied cultivars of blue honeysuckle differed in leaf characteristics (tab. 6). Leaves
of “‘Atut’ had significantly higher level of chlorophyll a, b and magnesium, but much
lower concentration of potassium and calcium.

CONCLUSIONS

1. Boron fertilization enhanced significantly amount of anthocyanins and ascorbic
acid in fruit. Blue honeysuckle fruits are plenty of anthocyanins and ascorbic acid and
as a first ripening fruit in our climate could be a good its source for human consump-
tion.

2. Soil application of calcium nitrate resulted in significantly lower levels of phos-
phorus in leaves of blue honeysuckle. However plants did not showed the symptoms of
P deficiency.

3. According to results of present study, in order to reach high yield and high fruit
quality, blue honeysuckle plants could be fertilized by calcium nitrate and Bormax, as
well as treated by Betokson Super.

4. Clear differences in yielding and leaf characteristic of both studied cultivars indi-
cate that they are genetically distant.
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WPLYW BETOKSONU SUPER I NAWOZOW NA SKEAD CHEMICZNY
OWOCOW 1 LISCI JAGODY KAMCZACKIEJ

Streszczenie: Celem do$wiadczenia bylo zbadanie reakcji jagody kamczackiej odmian:
‘Atut’ 1 ‘Duet’ na dziatanie Betoksonu Super i nawozéw. Doswiadczenie przeprowadzono
w latach 2004-2007 na trzyletnich roslinach rosnacych na glebie gliniastej. Bormax za-
stosowano dwukrotnie w czasie kwitnienia i jeden raz po zbiorze w stezeniu 0,2%. Saletra
wapniowa nawozono doglebowo w kwietniu w dawce 50 kg - ha ~'. Betokson Super 050
SL aplikowano dolistnie dwukrotnie w czasie kwitnienia, w stgzeniu 0,1%. Kombinacje
51 6 stanowily polaczenie zastosowania saletry wapniowej i Bormaxu oraz saletry wap-
niowej 1 Betoksonu Super. Roéliny nietraktowane preparatami chemicznymi stanowity
kontrolg. Nawozenie borem istotnie zwigkszylo w owocach zawarto$¢ antocyjanow
i kwasu askorbinowego. Owoce jagody kamczackiej sa bogate w antocyjany i kwas askor-
binowy, przez co jako najwczesniej dojrzewajace w naszych warunkach klimatycznych,
moga stanowi¢ cenne zrédlo tych substancji w zywieniu czlowieka. Doglebowe nawoze-
nie saletrag wapniowa spowodowato istotne obnizenie poziomu fosforu w liSciach, jednak-
ze ro§liny nie wykazywaty objawow jego niedoboru. Opierajac sig¢ na wynikach doswiad-
czenia dotyczacych wysokiego plonu i jakoS$ci owocdw mozna polecaé nawozenie roslin
jagody kamczackiej saletra wapniowa, Bormaxem jak réwniez traktowanie Betoksonem
Super. Wyrazne réznice w plonowaniu i cechach lisci wskazuja, ze obie badane odmiany
sa genetycznie odlegle.

Stowa kluczowe: Lonicera caerulea var. kamtschatica, wielkos¢ i jako$¢ plonu, sktad
chemiczny lisci

Accepted for print — Zaakceptowano do druku: 10.05.2012

Hortorum Cultus 11(5) 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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 (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


