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ABSTRACT

Background. White mustard is a plant with good yield stability, low variability in the length of the
growing season and a considerable resistance to climatic factors. However, delaying the sowing date of this
plant results in significant changes in the plant habit and yield.

Material and methods. A three-year field experiment with white mustard cultivated for seeds was carried
out as a one-factor, in the randomized block design in four replications. White mustard was sown on 13
dates at intervals of seven days, from the beginning of April to the turn of June and July, and harvested
after reaching seed maturity.

Results. Delaying the sowing date of the white mustard cultivar 'Nakielska' grown for seeds from an early
spring date resulted in changes to the plant habit. There was a reduction of plant height and an increased
tendency to form low-productivity higher-order lateral branches, a reduction in both the number of siliques
on the main stem and the number of seeds in siliques from the main stem and lateral stems. The shorter was
the day after the summer solstice when the white mustard came into the next development phase, the
smaller the number of yield structural components the plants were characterized by. The crops of white
mustard from successive dates differed in their canopy structure because the field emergence capacity of
seeds was deteriorating, which resulted in a lower plant density after emergence, an increase in plant loss
during the growing season and a decrease in the straw yield.

Conclusion. Delaying white mustard sowing resulted in limiting the height of plants and increasing the
tendency to form higher-order lateral branches. It was shown that the straw yield, the number of siliques on
the main stem and the number of seeds in siliques from both the main stem and lateral stems were reduced
as a result of delayed sowing.

Key words: biometric traits of plants, sowing date, straw yield, white mustard

INTRODUCTION

The advantages of white mustard are good yield
stability, low variability of the duration of the growing
season and resistance to climatic factors (Musnicki et
al. 1997; Tobota and Musnicki, 1999; Jankowski and
Budzynski, 2003; Paszkiewicz-Jasinska, 2005). Despite
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its considerable tolerance to habitat factors, white
mustard cultivation has the best results in early
sowing conditions when the soil is well moisturized
(Jankowski and Budzynski, 1999; Tobota and
Musnicki, 1999; Zielonka and Szczebiot, 2001). Sowing
delay leads to a poorer formation of individual plant
yield components. This applies in particular to the
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number of siliques per plant and the number of seeds
per silique (Zekaite, 1999; Dinda et al, 2015).
A sowing delay of 2-3 weeks in relation to the earliest
date is usually conducive to obtaining a higher plant
density after emergence (Jankowski and Budzynski,
1999; Zekaite, 1999; Angadi et al., 2004). However,
there are no results regarding the effect of a longer
sowing delay on this trait. According to Jankowski
and Budzynski (2003), plant density and the number
of siliques per plant have a dominant influence on the
yield of this species. Zielonka and Szczebiot (2001)
report that white mustard plants sown at later dates
form fewer flower buds and have fewer siliques
compared to plants sown earlier. Dinda et al. (2015)
showed that a delay in sowing white mustard by 15
days results in a significant reduction in the number
of siliques per plant and the number of seeds per
silique. Delaying sowing by another 15 days caused
further significant reduction in these parameters and
led to shortening the stems of plants and reducing the
number of lateral branches. Little is known about the
formation of biometric traits of white mustard with
longer sowing delays, which are sometimes
encountered with late plant re-sowing.

The aim of this study was to determine the effect
of early and late sowing dates of the white mustard
cultivar ‘Nakielska’ and changing agrometeorological
conditions on the biometric traits of plants and straw
yield.

The research hypothesis assumed that one of the
important factors affecting the biometric traits of

Table 1. Sowing dates of white mustard grown for seeds

white mustard is the sowing date. It was assumed that
white mustard, as a long day plant with a strong
photoperiod reaction, would react to delaying the
sowing date with variability in the biometric traits,
which would include a reduction in the number of
yield structure components.

MATERIAL AND METHODS

The experiment was established as a one-factor, in
the randomized block design in four replications. The
sowing date was the variable factor in the
experiment. A seven-day interval was used between
the thirteen successive sowing dates. The dates of
sowing white mustard grown for seeds with assigned
symbols of sowing dates are listed in Table 1. The
area of each harvested plots was 13 m’.

The field experiment was established at the
Research Station in Mochetek (53°13° N; 17°52° E),
on podzolic soil with a reaction similar to neutral (pH
in 1 M KCI 6.0). The mean daily air temperature during
the study period was 13.8°C, and the total rainfall 339,9
mm (Table 2). The mean monthly average air
temperature from April to July increased and in the
following months of the growing season systematically
decreased. In April, at the beginning of the studied
growing seasons, the 3-year average amount of
precipitation was 43 mm, in June and July it was
more than 50 mm, while May and August were
months with above average rainfall for this region,
that is more than 70 mm.

Sowing date

symbol 1 2 3 4 5 7 8 9 10 11 12 13
2005
Sowing date  06.04 13.04 20.04 27.04 04.05 11.05 18.05 25.05 01.06 08.06 15.06 22.06 29.06
2006
Sowing date  12.04 19.04 26.04 02.05 10.05 17.05 24.05 31.05 07.06 14.06 21.06 28.06 05.07
2007
Sowing date  04.04 11.04 18.04 25.04 02.05 09.05 16.05 23.05 30.05 06.06 13.06 20.06 27.06
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Table 2. Meteorological conditions in the study area in 2005-2007 and in the long-term period 1949-2006

Month

Years

April May June July

Mean temperature

August April-October

September October

Mean daily air temperature, °C

2005-2007 7.7 12.8 16.6 19.9 16.9 14.2 8.4 13.8
1949-2006 7.3 12.8 16.3 17.9 17.5 13.1 83 133
N Total precipitation
Average monthly precipitation, mm April-October
2005-2007 43.1 71.5 52.6 54.2 71.5 32.0 15.0 339.9
1949-2006 27.8 41.6 54.5 71.7 50.7 41.7 322 320.2

The crop previous to white mustard was spring
barley. After its harvest traditional ploughing tillage
was carried out. Fertilization with phosphorus (50
kg-ha™' P) and potassium (70 kg-ha™ K) was applied
pre-sowing, during spring soil cultivation. Fertilization
with nitrogen (103.5 kg-ha™' N) was applied in three
equal parts: pre-sowing, at the beginning of stem
elongation (BBCH 30-31) and at the flowering stage
(BBCH 61-62). The sowing rate was adjusted to
reach a density of 120 plants per m’.

During the growing season of the plants,
observations on the course of plant development were
carried out and the white mustard plant density was
calculated (number of plants per 1m’) after the
completion of emergence. The field emergence capacity
(%) was determined from the ratio of the number of
seeds sown per 1 m’ and the number of plants that
emerged. In addition, on the basis of the plant density
after emergence and before harvest, the loss of plants
(%) during the growing season was calculated.

Directly before the harvest of the white mustard
the following measurements were made: on a sample
of 20 plants from each replication, their heights (cm)
were determined and converted to an average height
for 1 plant, the number of branches of the first and
the higher orders, the number of siliques on the main
stem and lateral stems (number per 1 plant), the mean
number of seeds per 1 silique from the main stem and
the lateral stems. After the harvest the straw weight
was determined and the straw yield was calculated by
weight of dry matter.

www.agricultura.acta.utp.edu.pl

The results of the biometric measurements of
plants were analysed by variance in accordance with
the method of establishing the experiment in the
field. The synthesis of variance analysis was carried
out in a mixed model, taking the effects of years and
blocks as random factors. The analysis of variance
was carried out using the STATISTICA 10.0
software (StatSoft, Tulsa, Oklahoma, USA). The
working hypotheses in the study of differences
between treatment-related means were verified using
the Tukey's multiple comparison test. In order to
understand the relationships between particular traits
the values of the Pearson simple correlation
coefficients as well as selected traits relative to the
sowing date and their mutual relationships were
calculated.

RESULTS

In the case of white mustard sown from the beginning
of April to mid-May (dates 1-6), the plant density
after emergence was on average 110 per 1 m”and on
average was higher by 15 plants per 1 m” than at later
dates (7-13), and statistical confirmation of these
differences was obtained (Table 3).

The field emergence capacity was significantly
higher when white mustard was sown in April or
early May (dates 1-5), with the highest capacity
being after mid-April to the first days of May (dates
3-4), than it was when sowing occurred in June or
later (Table 3). The difference between the extreme
values amounted to 27.0 percentage points. The loss
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of white mustard plants in the field during the
growing season was related to the sowing date. It was
lowest for plants sown at the beginning of April
(38.9%) at date 1, and significantly higher for the
plants sown in the first half of June (77.0%) at date
10 (Table 3).

White mustard sown on the first days of June
(date 9) had significantly more first-order branches
than that from sowings after mid-April (date 3) or
around mid-May (date 6) (Table 4). The number of
higher-order branches of the plants was significantly
diversified by the sowing date. For the first six dates
(from the beginning of April to mid-May) the plants
produced significantly fewer lateral branches than
from those sown from the end of May to mid-June
(dates 8-10). For the first seven sowing dates from
the beginning of April to the beginning of the second

half of May the plants formed fewer higher-order
branches than first-order branches. At later sowing
dates, white mustard showed a tendency to branch
more abundantly (especially from the end of May to
mid-June (dates 8-10) and the number of higher-
-order branches was higher than that of the first-order
branches. The number of siliques on the main stem of
white mustard was significantly differentiated by the
sowing date (Table 4). The plants sown in April or at
the beginning of May (dates 2—5) had the largest
number of siliques (32-36) on the main stem, while
the plants sown in the second half of May and in June
had significantly fewer of them — 11-24 pieces (dates
7-12). Differentiation in the number of siliques on
lateral stems was statistically proven (Table 4). The
variability of this trait ranged from 43 pieces at date
12 to 95 pieces at date 8.

Table 3. Plant density of white mustard after emergence of plants and field emergence capacity and losses in density —

mean of the years of the study

Density after emergence,

Losses in plant density,

Sowing date symbol' plants-m> Field emergence capacity %
1 104.6 48.2 abc’ 38.9b
2 100.0 46.7 abc 57.3 ab
3 118.1 552a 553 ab
4 114.6 53.6a 66.3 ab
5 121.7 50.1 ab 67.8 ab
6 103.7 42.7 bed 63.1 ab
7 97.9 40.3 bed 54.5 ab
8 95.8 39.4cd 64.7 ab
9 95.3 35.0de 70.6 ab
10 106.1 39.0 cde 77.0 a
11 94.5 34.7 de 65.8 ab
12 87.9 323 de 58.5 ab
13 84.8 282e 74.4 ab
Mean 101.9 42.0 62.6

! description in Table 1

* values of observations within the column marked with the same lowercase letter do not differ significantly at P < 0.05
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Table 4. Number of first-order and higher-order branches of the seed shoot and the number of siliques on these branches

(pieces per 1 white mustard plant) — mean of the years of the study

Number of 1* order ~ Number of higher-order Number of siliques on ~ Number of siliques on

Sowing date symboll branches branches the main stem lateral stems
1 5.00 abc’ 2.71¢c 31.7 abc 71.7 abed
2 4.75 abc 2.61c 36.1a 72.5 abc
3 3.75¢ 1.58 ¢ 32.5ab 54.6 cd
4 4.75 abc 2.24c¢ 358a 57.3 bed
5 5.25ab 1.75¢ 32.6a 47.1d
6 4.50 be 325¢ 25.3 bed 43.4d
7 5.50 ab 5.06 be 17.8 de 45.6d
8 5.25 ab 1330 a 114e 955a
9 6.00 a 9.20b 23.1d 85.4 ab
10 5.50 ab 9.16b 242 cd 78.0 abc
11 5.25ab 5.94 be 22.7d 54.1cd
12 5.00 abc 3.76 be 23.9cd 43.0d
13 4.75 abc 4.95 be 25.3 bed 68.2 abcd

Mean 5.02 5.04 26.3 62.3

! description in Table 1

? values of observations within the column marked with the same lowercase letter do not differ significantly at P < 0.05

The number of seeds in the silique from the main stem
and from the lateral stems was significantly dependent
on the sowing date of white mustard (Table 5). The
highest number of seeds were found, both in silique
from the main stem and from the lateral stems, in
plants sown from 09 to 17 May (date 6), but in terms
of the extent of this trait a homogeneous group was
formed by plants sown from the beginning of the
growing season to the beginning of June (dates 1-9),
while those sown at dates 11-13 produced significantly
fewer seeds. The number of seeds per siliqua on the
main stem was on average 8.2% higher than in
siliques from lateral stems.

The tallest white mustard was that was sown in
April, and plants sown from the 11" of May to the
beginning of July were significantly shorter (Table
6). On average, for the entire study period, the largest
straw yield was produced by plants sown in the first
half of April, and it was significantly lower after
sowing from around mid-May (dates 6—7).

With a delay in sowing, compared to the beginning
of the growing season, there were changes in the
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biometric traits of plants (Tables 4-6). These
relationships are explained by the established
correlations between the sowing date of white mustard
in cultivation for seeds (measured by the number of
days from 1% April to the day of sowing) and the
biometric traits of plants (Table 7). The tendency of
the main stem to produce a variable number of first-
order branches depending on the sowing date was not
significant, while more higher-order branches were
formed by plants sown at later dates. White mustard
responded to delaying the sowing date by limiting the
number of siliques on the main stem and the number
of seeds in siliques coming from the main stem as well
as from the lateral stems.

A significant and negative correlation was found
between the sowing date and the plant density after
full emergence and between the sowing date and the
field emergence capacity, while there was a positive
correlation between the sowing date and plant loss
during growth (Table 8). Delaying the sowing date of
white mustard grown for seeds caused a decrease in
the field emergence capacity, which resulted in
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a smaller number of plants after emergence. Delaying losses during the growing season and also to the
the sowing date contributed to the increase of plant  decline in straw yield.

Table 5. Number of seeds per silique on the main stem and lateral stems (pieces per 1 silique) of white mustard grown for
seeds — mean of the years of the study

Sovigaucsbnl  Number el per e

1 4.89 ab” 4.73 ab
2 4.86 ab 4.80 ab
3 4.95 ab 4.56 ab
4 529a 4.80 ab
5 5.21 ab 4.75 ab
6 548 a 5.07a

7 5.20 ab 4.50 ab
8 4.65 abc 4.48 abc
9 4.89 ab 4.46 abc
10 4.27 bed 3.97 be
11 3.83 cde 3.48cd
12 3.53 de 3.33d
13 323¢ 3.17d

Mean 4.64 4.32

! description in Table 1
* values of observations within the column marked with the same lowercase letter do not differ significantly at P < 0.05

Table 6. The height of white mustard plants before harvesting seeds and straw dry matter yield

Sowing date symbol' Plant height, cm Straw dry matter yield, Mg-ha™

1 137.8 a° 7.73 a

2 1374 a 7.52 ab
3 126.5 ab 6.37 abc
4 126.7 a 6.32 abc
5 113.2 be 6.06 abc
6 102.5 cd 473 ¢

7 95.0d 4.69 ¢

8 90.0d 5.39 abc
9 92.6d 5.06 be
10 87.1d 5.33 abc
11 69.7¢ 418 ¢
12 773 ¢ 3.89¢
13 96.5d 5.80 abc

Mean 104.0 5.62

! sowing dates suitable for the symbol in Table 1
? values of observations within the column marked with the same lowercase letter do not differ significantly at P < 0.05
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Table 7. Simple correlation coefficients between the sowing date of white mustard grown for seeds (measured by the
number of days from 01.04. to the time of sowing) and biometric traits of plants

Biometric traits

Number of first-order branches of the main stem
Number of higher-order branches

Number of siliques on the main stem

Number of siliques on lateral stems

Number of seeds per silique on the main stem

Number of seeds per silique on lateral stems

0.294

0.395*
-0.488*

0.057
-0.524*
-0.546*

* values of correlation coefficients statistically significant at P < 0.05

A significant correlation was confirmed between the
straw yield of white mustard and the height of plants
while there was a lack of a linear relationship
between the straw yield and the number of branches
(Table 9).

Table 8. Simple correlation coefficients (r) between the
sowing date of white mustard grown for seeds (measured
by the number of days from 1% April to the sowing date)
and the traits characterizing plant density in the growing
season and the straw yield

Trait Sowing date
Plant density after full emergence -0.400*
Field emergence capacity -0.687*
Plant losses during growth 0.442*
Straw yield -0.460*

* values of correlation coefficients statistically significant
at P <0.05

Table 9. Simple correlation coefficients between the straw
yield of white mustard and the height of plants and the
number of first-order and higher-order branches

Trait r
0.647*

Plant height

Number of the first-order branches of
the main stem

Number of higher-order branches

0.002
-0.172

* values of correlation coefficients statistically significant
atP <0.05

www.agricultura.acta.utp.edu.pl

DISCUSSION

White mustard should be sown at the time typical for
spring cereals for optimal development (Jankowski
and Budzynski, 1999; Tobota and Musnicki, 1999;
McKenzie, et al., 2006). In the present study a wide
range of sowing dates were evaluated and found to
have a significant impact on most biometric traits
(Tables 4-6). With different sowing dates plants
developed in different weather conditions and at
different day lengths (Harasimowicz-Hermann et al.,
2017). Later sowing significantly and negatively
affected field emergence capacity and increased the
loss of plants in the field during the growing season.
Reducing the number of plants along with delaying
the sowing of white mustard contributed to the
significant modelling of many biometric traits of
plants by this factor. The field emergence capacity of
white mustard was on average 41.6%, and for sowing
after mid-May it was usually significantly lower. The
mean loss of white mustard plants in the field during
the growing season was high and amounted to 63%.
In a study by Zielonka and Szczebiot (2001) the
delay of sowing from the last ten days of April to the
second ten days of May caused an increase in losses
in the field by only 7% while there was a decrease in
the number of siliques set by 50%. The significant
negative effect of delayed sowing on the field
emergence capacity shown in the present study can
be explained by the stage of emergence being shifting
to a period with worse humidity conditions, which
are a result not only of germinating seeds
increasingly lower access to post-winter water, but
also to the on average lower total precipitation that
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occurs during plant emergence from sowing that took
place in the second half of May and in June
(Harasimowicz-Hermann et al., 2017). In a study by
Zekaite (1999), a slight delay in the sowing date by
15 days had a positive effect on the number of plants,
both after emergence and before harvesting, but
negatively influenced the number of siliques on the
plants and the seed yield. In a study by Brandt (1992)
a delay in sowing from early May to the first half of
June also had a positive effect on the number of
plants. The different results in terms of the effect of
the sowing date on the number and loss of plants
could be related to conducting research in various
soil conditions, as the study by Brandt (1992) was
carried out on a very fertile chernozem that was
richer in humus and with better water retention than
the podzolic soil on which the present study was
carried out. White mustard in the present study
produced plants that formed on average 5.6 branches
of the first order and a similar number of branches of
the higher order (5.0). In our study the tendency of
white mustard to branch was also associated with the
plant density in the field. More numerous branches
and more siliques were formed by plants in plots in
which there had been high losses in plant density
during the growing season, i.e. in a low density field.
White mustard sown after mid-May was characterized
by low density due to the occurrence of high losses,
which promoted stronger branching and formation of
a larger number of siliques on the plant, but with
a smaller number of seeds per silique. However,
further delay in sowing, despite the progressive
reduction in the number of plants, did not result in
compensation for these losses in the form of better
branching of the plants. On the contrary, the plants
sown in June formed fewer first-order and higher-
order branches than the plants sown in May. Plants
sown in April produced the fewest branches. In the
scientific literature no results were found for the
biometric traits of white mustard sown at such late
dates as they were in this study. In a study by
Paszkiewicz-Jasinska (2005), in which the effects of
delaying white mustard sowing until the end of April
were evaluated, plants of this species sown until the
third decade of April formed more siliques (a total of
143 per plant) than in the present study, but with
a similar number of seeds per silique (5).

The average height of white mustard in the
present study was 104 cm, but as the sowing date was
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delayed until after mid-May the resulting plants were
getting shorter, which together with the reduced
density resulted in a decrease in the straw yield per
hectare. The results in this respect obtained in the
present study are consistent with the data found in the
literature on this issue (Zekaite, 1999).

CONCLUSIONS

Delaying sowing of the white mustard cultivar
‘Nakielska’, beyond the dates recommended for
cultivating it for seeds resulted in a change in the
plants habit. The shorter was the day after the
summer solstice when the white mustard came into
the next development phase, the more the biometric
traits of the plants changed. First of all, the
proportion of elementary components determining
the seed yield decreased. There was a reduction of
plant growth in height and an increased tendency to
form higher-order lateral branches as well as
a reduction in the number of siliques on the main
stem and a reduction of seeds in siliques from both
the main stem and lateral stems. The highest straw
yield was produced by plants sown in the first half of
April. The further delay in sowing from early May to
early July had no significant affect straw yield.
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MODELOWANIE CECH BIOMETRYCZNYCH ORAZ PLONU SLOMY GORCZYCY BIALE)J
(Sinapis alba L.) W UPRAWIE NA NASIONA PRZEZ TERMIN SIEWU

I CZYNNIKI METEOROLOGICZNE

Streszczenie

Gorczyca biala jest rosling o dobrej wiernosci plonowania, niewielkiej zmiennosci dlugosci okresu
wegetacji oraz znacznej odporno$¢ na czynniki klimatyczne. Jednak opdznienie terminu siewu tej rosliny
skutkuje istotnymi zmianami w pokroju i wydajnosci roélin. Trzyletnie do§wiadczenie polowe z gorczyca
biata uprawiana na nasiona przeprowadzono jako jednoczynnikowe, w uktadzie losowanych blokdow,
w czterech powtorzeniach. Gorczyce biala wysiewano w 13 terminach w odstgpach co siedem dni, od
poczatku kwietnia do przetomu czerwca i lipca, a zbierano po osiagnigciu dojrzatos$ci nasion. Opoznianie
terminu siewu gorczycy biatej odmiany ‘Nakielska’, uprawianej na nasiona, w stosunku do terminu
wczesnowiosennego powodowato zmiang pokroju roslin. Nastgpowalo ograniczenie wzrostu roslin na
wysokos¢ 1 zwigkszenie sktonnosci do tworzenia nisko produktywnych rozgatgzien bocznych dalszego
rz¢du, zmniejszenie liczby tuszczyn na pedzie gldownym oraz nasion w tuszczynach z pedu gtownego
ibocznych. W im krotszym dniu po dniu przesilenia letniego nastgpowato wchodzenie gorczycy bialej
w kolejna fazg rozwojowa, tym ro$liny charakteryzowaty si¢ mniejsza liczebnoscia elementow
strukturalnych odpowiadajacych za plonowanie. Zasiewy gorczycy biatej z kolejnych termindéw roznity sig
architektura tanu, bowiem postgpowato pogarszanie polowej zdolnos$ci wschoddéw nasion, co wptywato na
mniejsza obsadg roslin po wschodach, wzrastat ubytek roslin w trakcie wegetacji i obnizat si¢ plon stomy.
Opoznianie siewu gorczycy biatej skutkowalo ograniczeniem wzrostu roslin na wysokos$¢ i zwigkszeniem
sktonnoséci do tworzenia rozgatezien bocznych dalszego rzedu. Wykazano zmniejszenie plonu stomy,
liczby tuszczyn na pedzie gldownym oraz liczby nasion w tuszczynach zaré6wno z pedu gtownego, jak

i bocznych.

Stowa kluczowe: cechy biometryczne roslin, gorczyca biata, plon stomy, termin siewu

www.agricultura.acta.utp.edu.pl

215




<<
  /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


