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Abstract

BOZHINOVA, R., 2016. Effect of long-term phosphorus fertilization on the mineral composition of oriental to-
bacco. Bulg. J. Agric. Sci., 22: 386-390

The effects of the different phosphorus rates (0; 75 and 225 kg ha™) on tobacco yield and concentration of macro- and
micronutrients in leaves have been studied in a stationary field trial. A long-term fertilizer experiment with continuous tobacco
cropping system was established on rendzina soil (Rendzic Leptosol) in 1966. Phosphorus was identified as a factor limit-
ing cured leaf yield in continuous tobacco cropping system, established on a soil with low available P. With the increase of
phosphorus fertilization rate the content of the phosphorus and calcium in leaves also increased. Zinc concentration was sig-
nificantly greater in the lower and middle leaves that received no supplemental P fertilizer compared with those plots that did.
Copper content of the leaves decreased with increase of phosphorus fertilizing level from 0 to 75 kg ha™'. Fertilization whit 75

kg P,O, ha"' should be considered as optimal for producing high yield of sun-cured leaves.
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Introduction

Optimum tobacco growth can only be achieved with ad-
equate and well timed nutrient supply under favorable envi-
ronments (Tso, 1990). Maintaining an adequate P concen-
tration in the soil solution is necessary for improved yield
and quality of tobacco. In general, soils used for tobacco
production in Bulgaria are low in available phosphorus.
Phosphorus deficiency results in stunted growth, poor leaf
expansion and unusually dark-green leaves (Flower, 1999).
In long-established areas of production, repeated application
of large quantities of phosphorus fertilizer, coupled with low
plant absorption and essentially no losses by leaching, have
resulted in a substantial increase in the level of this element
in the soil (McCants and Woltz, 1967). Only extremely large
amounts of applied phosphorus or the use of phosphorus over
a long period of time would result in high concentrations of P
in soil solution and subsequent reduction in uptake of micro-
elements (Racz and Haluschak, 1974). Moderate excess of
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phosphorus usually causes no marked effect on tobacco. Ex-
tremely high levels of phosphorus can reduce yield and result
in narrow thick leaves (Tso, 1999). Excessive phosphorus
in soil depresses Zn uptake and reduces the level of Mg in
the tobacco plant (Takahashi and Yoshida, 1957; Burleson et
al., 1961). Reductions in micro-element uptake from highly
phosphated substrates are mainly due to ion antagonism ef-
fects and not to soil micro-element- phosphorus interactions
(Racz and Haluschak, 1974). The amount of added P had a
direct effect on Ca, Mg, and B and an inverse effect on Zn
and Cu concentrations in the tobacco leaves (Peterson et al.,
1969). Lolas et al. (1978) reported that concentrations of N,
P, K, Ca and Mg in cured leaves and chemical composition
of flue-cured tobacco were not affected significantly by the
PO, rates.

This paper considers the results of the long-term phos-
phorus fertilization on oriental tobacco yield and concentra-
tion of macro- and micronutrients in leaves from different
stalk position (lower, middle and upper leaves).
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Materials and Methods

The effects of the different phosphorus rates (0; 75 and
225 kg ha™) on tobacco yield and concentration of macro-
and micronutrients in leaves were studied in a stationary
field trial. A long-term fertilizer experiment with continuous
tobacco cropping system was established at Tobacco and To-
bacco Products Institute — Markovo, Bulgaria on rendzina
soil (Rendzic Leptosol) in 1966. The experimental design
was a randomized complete block replicated three times. In
2008 and 2009, oriental tobacco plants (Nicotiana tabac-
cum L. cv. Plovdiv 7) were grown in the stationary field.
The plot area was 6.25 m? (2.5 x 2.5 m). Tobacco seedlings
were transplanted at a 0.5 % 0.12 m distance (166 000 plants
ha™"). Cultural practices such as irrigation, weeding, pest and
disease control were applied in accordance with the recom-
mended practices for commercial plantations. After the last
priming the plots were cleared of crop residues. The land
was prepared for seedling establishment by hand cultivation.
Urea, triple superphosphate and potassium sulphate were
used as the source of N, P and K. Fertilizers were broadcast
before transplanting and then were incorporated in the top
soil layer. At the beginning of the experiment, the soil had
a pH value of 8.5 and contained 3.01% humus, 15 mg P,O,
kg soil and 400-500 mg KO kg' soil (Vartanyan, 1979).

In March 2008, soils from the following treatments:
NP K., N, P. K - and N, P, K. . were sampled for study-
ing long-term effects of increasing P rates on soil fertility.
Soil samples were collected from the upper layer (0-25 cm)
of each plot. The following soil characteristics were deter-
mined: pH in water, humus according to Tjurin (Totev et al.,
1987), available P — by the Egner-Riechm method, available
K —in 2N HCI. Available Ca and Mg were determined by
using 1IN KCI (Tomov et al., 1999). A solution of 0.005 M
DTPA+0.1 M TEA, pH 7.3 was used for extraction of the Fe,
Mn, Zn and Cu mobile forms from soil.

In 2008 and 2009, the following measurements were tak-
en: plant height and number of leaves per plant (as measured
at flowering), dimensions of the middle leaves and yield of
sun-cured leaves. The concentration of N, P, K, Ca, Mg, Fe,

Table 1
Main soil properties, determined in the study

Mn, Zn and Cu in mature leaves from different stalk posi-
tion (lower, middle and upper leaves) was determined. All
samples were washed with tap water to remove any adhering
soil particles and rinsed afterwards with distilled water. Fol-
lowing drying at 75°C for 12 h samples were ground. Total
nitrogen in the plants was determined by the Kjeldahl meth-
od. The preparation of plant samples for analysis of P, K, Ca,
Mg, Fe, Mn, Zn and Cu was made by means of dry ashing
and dissolution in 3 M HCI. Phosphorus was determined col-
orimetrically by the molybdovanadate procedure (Tomov et
al., 1999). An atomic absorption spectrometer ,,Spektra AA
220 (Varian, Australia) was used for determination of K,
Ca, Mg, Fe, Mn, Zn and Cu content in the soil and plant
samples.

Results were analyzed using the SPSS statistical package
and differences were assessed with the Duncan’s multiple
range test at the 0.05 probability level.

Results and Discussion

Changes in pH values, humus, available P,O, and K,O
content in soil between the beginning of the experiment and
2008 are shown in Table 1. Soil pH varied from 8.20 to 8.25
among the treatments. After 42 years, the soil reaction was
slightly decreased, which indicates its strong pH buffer ca-
pacity. Continuous phosphorus fertilization did not affect the
soil pH. The humus content was 3.01% in 1966, when the
experiment was started. In all treatments the humus content
decreased by 13 to 16%. These results point that maintenance
of humus content at the initial level is not possible through
yearly mineral fertilizer application. The long-term fertiliza-
tion with different P rates had no recordable influence on the
soil humus content. The data for the 42-year period showed
annual increases of available P,O, of 1.9 mg kg™ with the
lower rate (75 kg P,O, ha') and 4.3 mg kg ' with the higher
rate. The soil available K content was the lowest in plots
fertilized with 225 kg P,O, ha™'. The soil Ca and Mg concen-
trations were enhanced by long-term fertilization with 225
kg P,O, ha™'. Different amounts of P fertilizers applied over
42 years resulted in a small differentiation in soil available

Treatments pH Total Available forms (mg kg ')

(H,0) | humus (%) | po, | KO Ca Mg | Fe | Mn Zn Cu
NP K 8.21 2.52 243 577.0 3295 279 5.21 22.58 7.16 11.75
N, P K 8.20 2.63 96.2 660.2 3307 296 6.24 23.44 7.34 11.38
NP, K. 8.25 2.57 195.0 510.6 4490 377 5.04 28.08 7.93 11.30
Initial soil 8.50 3.01 15.0 450.0 nd* nd nd nd nd nd

* — not determined
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Fe, Mn, Zn and Cu content. Bogdanovic et al. (1999) have
also found that the application of increasing P rates did not
decrease the content of available Zn in the soil.

Phosphorus application significantly increased plant
height, number of leaves per plant and dimensions of middle
leaves, where highest values were obtained at 225 kg P,O,
ha! (Table 2). However, no significant differences were ob-
served in studied characteristics between 75 and 225 kg P,O,
ha!. Tobacco yield was increased by phosphorus fertiliza-
tion (Table 2). As the phosphate treatments with 0 and 75
kg PO, ha' differ significantly from each other, this dem-
onstrates that phosphorus was a major limiting factor in this
case. No significant yield differences were observed between
75 and 225 kg P,O, ha™!, so continuous fertilization of Orien-
tal tobacco grown as monoculture with very large amounts
of phosphate fertilizers is not an effective cultural practice.
Table 3 shows the macronutrient concentrations in the lower,
middle and upper leaves as dependent on P fertilizing rate,
averaged over the period studied.

Nitrogen concentration in the lower leaves did not change
significantly (P > 0.05) with increasing P level. Significantly
higher N concentrations in middle leaves were observed at
the 0 kg PO, ha'! treatment as compared to those receiv-
ing supplemental P fertilizer suggesting a dilution of nitro-
gen concentrations by leaf dry matter accumulation. Similar
trend was observed for total content of N in the upper leaves.

The P concentration in the upper leaves significantly in-
creased with an increase in phosphorus fertilizer level. No
significant differences were observed in P concentration in
the lower leaves among treatments receiving supplemental
P fertilizer. The P concentration in the middle leaves did not
change significantly with increasing of phosphorus level from
0to 75 kg ha™'. The concentration of P in mature leaves of 225
kg PO, ha'! treatment is not high — from 0.1 to 0.2% and is
lower than the values obtained by Mylonas (1984). The rela-
tively low P accumulation in leaves under continuous fertiliza-
tion with 225 kg P,O, ha™' can be explained by the fact that
phosphorus uptake by plants depends not only on the levels of
soil available phosphorus. Other factors such as soil moisture

Table 2

and temperature, pH, lime and gypsum in the soil, amount of
zinc and other metallic elements in the soil also have a strong
influence on the absorption of phosphorus by plants (Traynor,
1980). Soil water content controls the acquisition of P both by
favoring root growth and by allowing transport of inorganic P
to the root surface by diffusion (Kirkby and Johnston, 2008).
It is known that, except in extreme heat and drought condi-

Table 3
Macronutrient concentrations of tobacco leaves as de-
pendent on P fertilizing rate (2-year average)

Treatments Lower Middle leaves Upper
leaves leaves
N concentration (% of dry weight)
NP K. 2.05a* 2.42a 3.15a
N, P K 2.05a 2.14b 2.86ab
N, P, K. 1.99a 2.00b 2.78¢c
P concentration (% of dry weight)
N, P K, 0.080b 0.085b 0.150c
NP, K 0.095a 0.085b 0.185b
NP, K., 0.095a 0.121a 0.213a
K concentration (% of dry weight)
N, P K. 1.32¢ 1.60a 1.65a
N, P K., 2.13a 1.73a 1.82a
N, P,,.K 1.72b 1.82a 1.63a
Ca concentration (% of dry weight)
NP K. 4.29¢ 3.33b 2.37a
N, P K 4.93b 4.22a 241a
N, P, K. 5.45a 4.35a 2.42a
Mg concentration (% of dry weight)
N, P K, 0.66a 0.63a 0.57a
N, P K 0.63a 0.6la 0.54a
NP, K. 0.67a 0.62a 0.58a

* — Different letters within each column indicate that the
means are significantly different (P < 0.05)

Plant height, number of leaves per plant, dimensions of the middle leaves (14-th leaf from the bottom) and yield of the

oriental tobacco variety Plovdiv 7 (2-year average)

Treatments Plant height Number of leaves Dimensions of the 14" leaf (cm) Yield
(cm) per plant Length | Width (kg ha')
N, P K, 88.1 27.7 27.1 12.8 1460
NP, K 96.4 28.2 28.2 13.4 1635
N, P, K, 97.9 28.5 28.8 13.7 1692
LSD (0.05) 3.34 0.43 0.64 0.45 65.15
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tions, no irrigation is recommended to produce quality Ori-
ental tobacco. The experimental plots were irrigated when the
available soil moisture was limiting tobacco growth (only two
irrigations were applied in 2008 and 2009). Therefore, under
our experimental conditions water deficit could be important
factor, which reduces phosphorus uptake by tobacco. Mitreva
and Apostolova (1986) obtained the highest yields of Virginia
tobacco at low concentrations of phosphorus (0.12-0.13%) in
the leaves at first priming. The same authors concluded that the
concentrations of P in the leaves, providing optimum growth
for tobacco plants, are lower in comparison to the other crops.
Under the present experimental conditions, the concentration
of P about 0.1% in the lower leaves can be assumed as suf-
ficient to ensure the growth processes and to obtain satisfac-
tory yields of oriental tobacco. That content of P in the lower
leaves is achieved by fertilization with both phosphorus rates
(75 and 225 kg ha™).

Potassium content in the middle and upper leaves was
slightly affected by the level of phosphorus fertilization.
Among the three P fertilizing rates, 75 kg P,O, ha™! treatment
led to highest K concentration in lower leaves and the dif-
ferences between different treatments were significant (P <
0.05). According to Volodarskiy (1971) the concentration of
K,O in the leaves of 3-5% (2.5-4.2% K) has beneficial influ-
ence on the burning properties of tobacco. The comparison
of our data with these values shows that the leaf tissue con-
centration is relatively low in spite of the large quantities of
mobile potassium in the soil in all treatments. One possible
explanation for this contradiction could be found in the high
content of calcium in the soil and its well-known function as
an antagonist of K that decreases potassium absorption.

Calcium content in mature leaves was the highest in first
priming (4.3-5.5%), fell in second priming (3.3-4.4%) and was
the lowest in the upper leaves (approximately 2.4%). These dis-
crepancies can be explained by the nutrient element immobil-
ity in the plant. The Ca concentration in the lower and middle
leaves increased with the increase in phosphorus fertilizer lev-
els. Increasing levels of P availability had no significant effect
on calcium concentration in the upper leaves (P > 0.05).

Magnesium concentration in mature leaves varied between
0.54 and 0.67%. These values are similar to those reported by
Drossopoulos et al. (1999). The good supply of plants with
Mg was probably because tobacco was grown on a soil that
had adequate levels of available magnesium. Takahashi and
Yoshida (1957) have found that with a high level of phospho-
rus, the magnesium content of the leaf was reduced and Mg
deficiency symptoms appeared. In our study, concentrations of
magnesium in tobacco leaves were not significantly affected
by P fertilization rate. Data on the micronutrient concentra-
tions in tobacco leaves is presented in Table 4.

Table 4

Micronutrient concentrations of tobacco leaves as depen-
dent on P fertilizing rate (2-year average)

Treat- Lower Middle Upper leaves
ments leaves leaves
Fe concentration (mg kg dry matter)
N, P K, 368.1a* 228.9a 148.3b
NP K. 374.2a 222.5a 180.6a
N, P, K, 328.6a 192.1b 157.4b
Mn concentration (mg kg! dry matter)
N, P K, 58.4a 52.2b 49.7a
NP, K 55.3a 56.3ab 51.7a
NP, K., 59.7a 60.7a 51.1a
Zn concentration (mg kg! dry matter)
N,,P K., 90.4a 79.7a 65.6a
N, P K, 62.4c 54.9b 65.7a
NP, K, 74.9b 62.2b 58.7a
Cu concentration (mg kg dry matter)
N, P K, 22.6a 22.3a 18.1a
NP K, 10.6b 12.8b 14.4a
N, P, K, 10.6b 14.4b 15.4a

* — Different letters within each column indicate that the means
are significantly different (P < 0.05)

Iron content in mature leaves was lower than the values
reported by Apostolova (1985). The iron concentration in
lower leaves was not significantly influenced by P addition.
Concentration of iron in middle and upper leaves at 225 kg
P,O, ha! was significantly lower than at 75 kg P,O_ ha™".

The content of Mn in mature leaves was from 49.7 to 60.7
mg kg!. These values are similar to those reported by Aposto-
lova (1985) for tobacco grown on alkaline soil. Concentration
of manganese in lower and upper leaves was not affected by
phosphorus fertilization level. In the middle leaves, the Mn
concentration increased with increasing P level.

The zinc content in tobacco leaves ranged between 54.9 and
90.4 mg kg' and was higher than the values observed by Golia
et al. (2009). The same authors reported statistically significant
negative correlations between Zn concentrations in Oriental
tobacco leaves and soil pH. High levels of zinc in oriental to-
bacco leaves under alkaline soil conditions in our experiment
can probably be explained by the high content of available Zn in
the soil. Zinc concentration was significantly (P < 0.05) greater
in the lower and middle leaves that received no supplemen-
tal P fertilizer compared with those plots that did. Among the
three P fertilizing rates, 225 kg PO, ha! treatment led to lowest
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Zn concentration in upper leaves but the differences between
treatments were not significant. The results of Bogdanovic et
al. (1999) similarly demonstrate that the uptake of Zn by corn
plants was significantly higher in the unfertilized check plot
than plots fertilized with increasing P rates.

Concentration of Cu in mature leaves ranged from 10.6
to 22.6 mg kg'. Observed values were within the ranges re-
ported by Golia et al. (2009). Copper content of the leaves
decreased with the increase of phosphorus fertilizing level
from 0 to 75 kg ha™'. These results differ from the ones of
Racz and Haluschak (1974) who have found that the Cu
concentration in wheat was not greatly influenced by add-
ed phosphorus. The Cu concentration in the leaves did not
change significantly with increasing of phosphorus level
from 75 to 225 kg ha™'.

Conclusions

Phosphorus is a factor, limiting cured leaf yield in continu-
ous tobacco cropping system, established on a calcareous soil
with low available soil P. No significant yield differences were
observed between 75 and 225 kg P,0O, ha”, so continuous
fertilization of Oriental tobacco grown as monoculture with
very large amounts of phosphate fertilizers is not an effective
cultural practice. With the increase of phosphorus fertilization
rate the content of the phosphorus and calcium in leaves also
increased. Zinc concentration was significantly greater in the
lower and middle leaves that received no supplemental P fer-
tilizer compared with those plots that did. Copper content of
the leaves decreased with increase of phosphorus fertilizing
level from 0 to 75 kg ha™'. Under our experimental climatic
and soil conditions annual fertilization with moderate phos-
phorus rates (75 kg P,O, ha™') should be considered as optimal
for improving the soil P fertility, for maintaining a proper P-
supply level in the root zone and for producing high yield of
sun-cured leaves. The data obtained can be helpful in develop-
ing nutrient management plans for oriental tobacco grown on
alkaline soils with low available soil P.

References

Apostolova, E., 1985. The effect of soil acidity on the productivity
and quality of oriental tobacco. Bulgarian Tobacco, 6: 26-31
(Bg).

Bogdanovic, D., M. Ubavic and M. Cuvardic, 1999. Effect of
phosphorus fertilization on Zn and Cd contents in soil and corn
plants. Nutr. Cycling Agroecosyst., 54: 49-56.

Burleson, C. A., A. D. Dacus and G. J. Gerard, 1961. The effect
of phosphorus fertilization on the zinc nutrition of several ir-

rigated crops. Soil Sci. Soc. Am. Proc., 25: 365-368.

Drossopoulos, J. B., D. L. Bouranis, S. Kintsios, G. Aivalakis,
J. Karides, S. N. Chorianopoulou and C. Kitsaki, 1999. Ef-
fect of nitrogen fertilization on distribution profiles of selected
macronutrients in oriental field-grown tobacco plants. J. Plant
Nutr, 22: 527-541.

Flower, K. C., 1999. Field Practices. In: D. Davis and M. Nielsen
(Eds.) Tobacco Production, Chemistry and Technology, Black-
well Science, Cambridge, pp. 76—104.

Golia, E., A. Dimirkou and I. K. Mitsios, 2009. Heavy-metal con-
centration in tobacco leaves in relation to their available soil
fractions. Commun. Soil Sci. Plant Anal., 40: 106—120.

Kirkby, E. A. and A. E. Johnston, 2008. Soil and fertilizer phos-
phorus in relation to crop nutrition. In: P. J. White and J. P.
Hammond (Eds.) The Ecophysiology of Plant-Phosphorus In-
teractions, Springer, Dordrecht, The Netherlands, pp. 177-223.

Lolas, P. C., W. K Collins, S. M. Hawks, Jr. H. Seltmann and
W. Weeks, 1978. Effects of phosphorus rates on the chemical
composition of flue-cured tobacco grown in soils with varying
phosphorus availability. 7ob. Sci., 23: 31-34.

McCants, C. B. and W. G. Woltz, 1967. Growth and mineral nutri-
tion of tobacco. Adv. Agron., 19: 211-265.

Mitreva, N. and E. Apostolova, 1986. On the leaf diagnostics of
Virginia tobacco. Bulgarian Tobacco, 5: 28-31 (Bg).

Mylonas, V. A., 1984. Nutrient concentration changes in Oriental
kabakulak tobacco during the growing season. Beitrdge zur Ta-
bakforschung International, 12: 147-152

Peterson, L. A., S. G Dolar and G. Chesters, 1969. Effect of N, P,
and K fertilization on the mineral composition of tobacco. Soi/
Sci. Soc. Am. J., 33: 560-563.

Racz, G. J. and P. W. Haluschak, 1974. Effects of phosphorus
concentration on Cu, Zn, Fe and Mn utilization by wheat. Can.
J. Soil Sci., 54: 357-367.

Takahashi, T. and D. Yoshida, 1957. Interrelation of various ions
in absorption by tobacco plants. III. Relation of magnesium
to the phosphorus level in culture solution. Dojo Hiryogaki
Zasshi, 27: 463-467.

Tomov, T., G. Rachovsky, S. Kostadinova and I. Manolov, 1999.
Manual for Agrochemistry, Plovdiv, Bulgaria, 110 pp. (Bg).
Totev, T., P. Gribachev, H. Nechev and N. Artinova, 1987. Soil

Science, Sofia, Bulgaria, 112 pp. (Bg).

Traynor, J., 1980. Ideas in Soil and Plant Nutrition. Kovak Books,
Bakersfield, CA, 119 pp.

Tso, T. C., 1990. Production, Physiology, and Biochemistry of To-
bacco Plant. Ideals Publications, Beltsville, Maryland, USA,
753 pp.

Tso, T. C., 1999. Seed to Smoke. In: D. Davis and M. Nielsen
(Eds.) Tobacco Production, Chemistry and Technology, Black-
well Science, Cambridge, pp. 1-31.

Vartanyan, A., 1979. The systematic mineral fertilization and the
development of oriental tobacco and the fertility of soil. Bul-
garian Tobacco, 10: 33-39 (Bg).

Volodarskiy, N. I., 1971. Mineral Nutrition of Tobacco. In: B. A.
Rubin (Ed.) Physiology of Agricultural Plants, Moskow Univer-
sity, Moskow, pp. 196-243 (Ru).

Received October; 23, 2015, accepted for printing April, 14, 2016




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

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


