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Abstract

Ghaffari, M., Davaji, A. M. N. R., & Ghadimi, F. N. (2019). Oil yield determinant of sunfl ower in climatically dif-
ferent regions of Iran. Bulgarian Journal of Agricultural Science, 25(1), 67–71

In order to determine the most important determinants of sunfl ower oil yield using path analysis 36 sunfl ower hybrids were 
evaluated for agronomic traits as a simple lattice experiment in three regions with different climate (Karaj, Gonbad and Khoy) 
in 2015. According to the results, seed yield had the highest correlation with oil yield in all three locations. Seed number per 
head in Karaj, seed number/head plus oil content in Khoy and all three components of oil yield along with stem and head di-
ameter in Gonbad had positive correlation with oil yield. The highest positive direct effects were imposed by achene number 
per head, achene weight and oil content respectively in all locations. The highest indirect effects on oil yield were imposed by 
achene number per head in Karaj and Khoy and by achene weight in Gonbad. Stem and head diameter, days to fl owering and 
plant height had positive indirect effect on oil yield through seed number per head in Karaj. Majority of the indirect effects on 
oil yield were imposed through seed weight in Gonbad. In this location stem and head diameter, days to maturity, plant height 
and oil content had positive effect on oil yield through achene weight while stem and head diameter and oil content through 
seed number per head. Plant height, achene weight, days to fl owering, stem and head diameter had negative and oil content had 
positive effect through achene number on oil yield in Khoy. The results of this study revealed achene number per head as the 
main determinant of oil yield in sunfl ower, beside that stem and head diameter and plant height were also the next important 
determinants. 

Keywords: sunfl ower; oil yield components; correlation; path analysis

Introduction

Sunfl ower (Helianthus annuus L.) with an annual pro-
duction of about 26 Mha, following rapeseed and soybean, is 
one of the most important oil crops worldwide (FAO, 2014). 
Production of sunfl ower in Iran has been started since 1967 
and increased to a growing area of 105000 ha in 1990s. Due 

to the expansion of drought as a main factor growing area of 
sunfl ower has been reduced in Iran recently (Iranian  Min-
istry of Agriculture Jihad, 2016). There are many efforts to 
develop single cross sunfl ower hybrids in Iran and three fi rst 
hybrids were produced in 1990 and after that fi ve other hy-
brids were commercially released; the latest one is Shams 
which released in 2016. 
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Understanding the nature of relationships between plant 
characteristics is a prerequisite for screening programs in plant 
breeding. Due to low heritability of yield, direct selection for 
this trait has a lower effi ciency so indirect selection using yield 
components may improve achene and oil yield of sunfl ower. 
Correlation coeffi cient has been used for displaying the inter-
relationship of sunfl ower characteristics by many researchers. 
Fick et al. (1974) reported the relationship between achene 
yield and its components and among yield components, achene 
size was the most important yield-related character (Miller and 
Fick, 1997; Hladni et al., 2006).           Shankar et al. (2006) reported 
positive correlations of plant height, head diameter, stem diam-
eter, achene numbers and achene weight with achene yield per 
plant. Habib et al. (2007) reported higher correlations of stem 
and head diameter, achene weight and achene number per head 
with achene yield. Because of higher correlation of achene and 
oil yield   Mijic et al. (2009) indicated that direct selection for 
achene yield will be effi cient for improvement of oil yield. 

Path analysis partitioning the overall correlation coeffi cients 
into direct and indirect effects, make it possible to determine 
the relative contribution of each trait to the oil yield and has 
been used extensively to exhibit the associations between sun-
fl ower characteristics (  Marinkovic, 1992;   Shankar et al., 2006; 
Darvishzadeh et al., 2011). Lal et al. (1997) reported that plant 
height and 1000 achene weight has positive direct effect on 
achene yield of sunfl ower. Shankar et al. (2006) revealed that 
achene number had the highest positive direct effect on achene 
yield followed by achene weight, plant height and stem di-
ameter. Hladni et al. (2006) and Kaya et al. (2007) indicated 
a positive direct effect of head diameter and plant height on 
achene yield of sunfl ower. According to the results of Ghaffari 
and Haji Hosseinlou (2013) achene number, achene weight and 
head diameter had the highest direct effect on achene yield of 
sunfl ower. Patil et al. (1996) indicated that the highest indirect 
effect was imposed on achene yield through achene number per 

head.    Alba et al. (1979) and Marinkovic (1992) showed that 
the highest negative effects were imposed by head diameter on 
achene yield.

Due to environmental effects interrelationships among sun-
fl ower traits could be variable in different locations. Because of 
importance of oil yield in sunfl ower this trait assigned as depen-
dent variable in path analysis. So the objective of this study was 
to investigate the nature of relationships among oil yield related 
characters of sunfl ower in different geographical areas of Iran.

Materials and Methods

In this study agronomic performance of 36 sunfl ower single 
cross hybrids were evaluated in a simple 6×6 lattice experi-
ment in research fi elds of Seed and Plant Improvement Institute 
(SPII) in Karaj and Khoy (irrigated condition), and in Gonbad 
(rainfed condition). Each plot consisted of three rows, 4-meter 
long with a between and within row spacing of 60 cm and 25 
cm respectively. Trefl an at a rate of 2 L/ha was applied to eradi-
cate weed plants. Fertilizers (NPK) were applied before plant-
ing according to the soil test in each region. One top dressing 
with 30 kg N/ha was performed in the course of growing season 
in Karaj and Khoy. Planting was performed in the fi rst half of 
April in Gonbad and fi rst half of May in Karaj and Khoy. 

Plant characteristics including phenological and agro-
nomic traits were measured after fl owering stage and achene 
yield and its components were measured after physiologi-
cal maturity. Phenolgical traits were measured according to 
the descriptive of Schneiter and Miller (1981). Oil content 
was measured using NMR method. Achene yield was deter-
mined by harvesting of all plants in middle row except bor-
der plants. Oil yield obtained by multiplying of achene yield 
by oil content. For other traits mean of six measures in each 
plot were used. After calculation of correlation coeffi cient 
regression analysis was used to estimating regression coef-

Table 1. Correlation between different agronomic traits of sunfl ower in Karaj 
Traits Days to 

fl owering
Days to 
maturity

Plant 
height

Head 
diameter

Stem 
diameter

1000 
achene 
weight

Achene 
number 
head-1

Oil con-
tent

Achene 
yield

Days to maturity 0.370*
Plant height 0.266 0.080
Head diameter 0.117 0.030 0.277
Stem diameter 0.228 -0.125 0.637** 0.333
1000 achene weight 0.036 0.291 0.010 -0.063 -0.042
Achene number head-1 0.172 -0.052 0.146 0.181 0.200 -0.611**
Oil content 0.091 0.317 -0.067 0.078 -0.323 0.164 -0.103
Achene yield 0.250 0.119 0.164 0.173 0.198 -0.123 0.848** 0.053
Oil yield 0.252 0.171 0.135 0.185 0.138 -0.078 0.794** 0.250 0.978**

* and **  are denote to the signifi cant differences at probability of 5 and 1% respectively
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fi cients and path analysis was used for estimating direct and 
indirect effects of traits. 

Results and Discussion

According to the results, achene yield had the highest cor-
relation with oil yield in Karaj (Table 1). Achene number per 
head also had positive and signifi cant correlation with oil yield. 
These are in agreement with the reports of Tahir et al. (2002), 
Shankar et al. (2006) and Goksoy and Turan (2007). There was 
negative correlation between 1000 achene weight and achene 
number per head. Achene weight, achene number per head and 
oil content are three main components of oil yield in sunfl ower 
and based on results of Hladni et al. (2006) achene weight had 
more importance than the two other components. There was 
positive correlation between days to fl owering and days to ma-
turity means that early fl owering genotypes reach to physiologi-
cal maturity earlier than late fl owering genotypes. 

Same as Karaj achene yield had the highest correlation 
with oil yield in Khoy. The two other components – oil 
content and achene number per head – had positive and 

signifi cant correlation with achene and oil yield (Table 
2). These correlations are in accordance with Mijic et al. 
(2009) and suggest the possibility of using the achene or 
oil yield components as selection criteria in screening 
of sunfl ower genetic materials. Plant height had posi-
tive correlation with achene weight but negative correla-
tion with achene number; so genotypes with lower plant 
height are more suitable because of having more achene 
in head. There were more signifi cant correlations between 
the studied traits in Gonbad, which means that relation-
ships among traits could be affected by environmental 
condition. Stem and head diameter, 1000 achene weight, 
achene number per head and oil content had signifi cant 
correlation with achene and oil yield in Gonbad (Table 3). 
Shankar et al. (2006) and Goksoy and Turan (2007) also 
reported positive correlation of achene weight and achene 
number with achene yield.

Path analysis was carried out to understanding the na-
ture of correlations among studied traits in three locations 
separately. In all of these locations the highest positive direct 
effect on oil yield were imposed by achene number per head, 

Table 2. Correlation between different agronomic traits of sunfl ower in Khoy
Traits Days to 

fl owering
Days to 
maturity

Plant 
height

Head 
diameter

Stem 
diameter

1000 
achene 
weight

Achene 
number 
head-1

Oil con-
tent

Achene 
yield

Days to maturity 0.585**
Plant height 0.499** 0.367*
Head diameter 0.048 0.285 0.178
Stem diameter 0.142 0.275 0.271 0.612**
1000 achene weight -0.075 0.169 0.348* 0.426** 0.218
Achene number head-1 -0.170 0.093 -0.371* -0.113 -0.131 -0.385*
Oil content -0.170 0.109 -0.187 -0.104 -0.143 -0.065 0.558**
Achene yield -0.207 0.171 -0.293 0.060 -0.073 -0.048 0.937** 0.579**
Oil yield -0.195 0.178 -0.284 0.040 -0.092 -0.056 0.921** 0.722** 0.980**

* and **  are denote to the signifi cant differences at probability of 5 and 1% respectively
Table 3. Correlation between different agronomic traits of sunfl ower in Gonbad
Traits Days to 

fl owering
Days to 
maturity

Plant 
height

head 
diameter

Stem 
diameter

1000 
achene 
weight

Achene 
number 
head-1

Oil con-
tent

Achene 
yield

Days to maturity 0.350*
Plant height 0.184 0.245
Head diameter 0.137 0.411* 0.277
Stem diameter 0.045 0.412* 0.530** 0.745**
1000 achene weight -0.069 0.521** 0.448** 0.501** 0.532**
Achene number head -1 0.078 0.097 0.111 0.574** 0.446** 0.044
Oil content -0.188 0.122 -0.087 0.303 0.356* 0.444** 0.341*
Achene yield 0.038 0.337* 0.303 0.751** 0.655** 0.528** 0.866** 0.506**
Oil yield -0.013 0.313 0.233 0.738** 0.650** 0.534** 0.841** 0.645** 0.983**

* and **  are denote to the signifi cant differences at probability of 5 and 1% respectively
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1000 achene weight and oil content respectively. Shankar 
et al. (2006) and Ghaffari and Haji Hosseinlou (2013) also 
indicted the highest positive impact of achene number on 
achene yield. However, Marinkovic (1992) and Darvishza-
deh et al. (2011) reported the higher effect of 1000 achene 
weight and head diameter on achene yield respectively. This 
could be resulted from the variability of the environments 
and plant materials which have been used by different re-
searchers. Traits with higher positive direct effect on oil 
yield can be used as direct criteria for selection of desirable 
genotypes (  Sadras et al., 1993), so the results express the 
three components of oil yield as the main determinant of 
sunfl ower oil yield. The results of this study indicated that 
achene number per head is an effi cient direct criterion for 
this purpose in all three regions of this study.

Beside higher positive direct effect on oil yield the most 
of indirect effects were imposed by achene number per head 
too in Karaj (Table 4) which is in accordance with the re-
sults of Patil et al. (1996). Head and stem diameter, days to 
fl owering and plant height had positive indirect effect on oil 
yield through achene number in Karaj. The considerable ef-
fect of stem reservoirs on achene fi lling has been emphasized 
previously by Sadras et al. (1993). Days to maturity and oil 
content had positive indirect effect on oil yield through 1000 
achene weight, however, the indirect effect of achene num-
ber through achene weight and vice versa which could be 
resulted from negative correlation between these traits.

Achene number along with achene weight were the main 
route for transmission of the effect of the other traits on oil 
yield in Khoy, but the most of effects through achene number 
were negative (Table 5). Achene weight had negative, while 
oil content had positive indirect effect on oil yield through 
achene number. Because of the negative correlation between 
achene number and achene weight it seems that achene 
weight decreases as achene number increases, which in turn 
causes an increase of oil content, knowing that lower hull 
content in small achene causes an increase of oil content. 
As achene number increased, plant height and head diameter 
negatively affected oil yield indirectly through 1000 achene 
weight.

Unlike the results of Karaj and Khoy, achene weight was 
the main route for transmitting of indirect effects on oil yield 
however achene number per head had the highest positive direct 
effect on oil yield in Gonbad (Table 6). Stem and head diam-
eter, days to maturity, plant height and oil content achene weight 
and stem diameter and oil content through achene number had 
positive indirect effect on oil yield. As indicated previously 
stems are the main reservoirs for achene fi lling. Sadras et al. 
(1993) and Elizondo-Barron (1991) reported the critical role of 
partitioning of photosynthetic assimilates on achene fi lling in 
drought stressed condition. Higher correlation of stem diameter 
with oil yield components in Gonbad shows the crucial role of 
this trait in achene fi lling in rainfed condition. 

Table 4. Direct and indirect effects of agronomic traits on sunfl ower oil yield (Karaj)
Traits Days to 

fl owering
Days to 
maturity

Plant height Head diam-
eter

Stem diam-
eter

1000 achene 
weight

Achene num-
ber head-1

Oil content

Days to fl owering 0.014 -0.012 -0.015 -0.002 0.013 0.022 0.205 0.027
Days to maturity 0.005 -0.032 -0.005 -0.001 -0.007 0.179 -0.063 0.094
Plant height 0.004 -0.003 -0.058 -0.005 0.036 0.006 0.174 -0.020
Head diameter 0.002 -0.001 -0.016 -0.019 0.019 -0.039 0.216 0.023
Stem diameter 0.003 0.004 -0.037 -0.006 0.056 -0.026 0.239 -0.096
1000 achene weight 0.001 -0.009 -0.001 0.001 -0.002 0.615 -0.730 0.049
Achene number head-1 0.002 0.002 -0.008 -0.003 0.011 -0.375 1.196 -0.030
Oil content 0.001 -0.010 0.004 -0.001 -0.018 0.101 -0.123 0.296

Table 5. Direct and indirect effects of agronomic traits on sunfl ower oil yield (Khoy)
Traits Days to 

fl owering
Days to 
maturity

Plant height Head diam-
eter

Stem diam-
eter

1000 achene 
weight

Achene num-
ber head-1

Oil content

Days to fl owering 0.043 -0.004 -0.015 0.003 -0.006 -0.022 -0.153 -0.041
Days to maturity 0.025 -0.006 -0.011 0.020 -0.012 0.051 0.084 0.026
Plant height 0.022 -0.002 -0.029 0.013 -0.012 0.104 -0.334 -0.045
Head diameter 0.002 -0.002 -0.005 0.072 -0.027 0.128 -0.102 -0.025
Stem diameter 0.006 -0.002 -0.008 0.044 -0.045 0.065 -0.118 -0.035
1000 achene weight -0.003 -0.001 -0.010 0.031 -0.010 0.300 -0.346 -0.016
Achene number head-1 -0.007 -0.001 0.011 -0.008 0.006 -0.115 0.901 0.135
Oil content -0.007 -0.001 0.005 -0.007 0.006 -0.020 0.503 0.242
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Conclusion 

The results of this study embossed achene number per head 
as the most important component of oil yield which affected di-
rectly oil yield and was the main route for transmitting the effect 
of the other traits on oil yield. However, in drought condition in 
Gonbad achene weight had more importance for transmitting 
of indirect effects. The results indicated that depending on the 
target area, stem and head diameter and plant height are main 
determinant of sunfl ower oil yield and could be used as selec-
tion criteria in sunfl ower breeding programs. 

References

  Alba, E., Benvenuti, A., Tuberosa, R., & Vannozzi, G. P. (1979). A 
path-coeffi cient analysis of some yield components in sunfl ower. 
Helia, 2, 25-29.

Darvishzadeh, R., Maleki, H. H., & Sarrafi , A. (2011). Path analy-
sis of the relationships between yield and some related traits in 
diallel population of sunfl ower (Helianthus annuus L.) under well-
watered and water-stressed conditions. Australian Journal of Crop 
Science, 5(6), 674-680.

    Elizondo-Barron, J. (1991). A factor analysis of plant variables relat-
bd to yield in sunfl owbr under water stress. Helia, 14(15), 55-64.

FAO (2014). Agricultural production year book. Rome, Italy. Avail-
able at: http://faostat3.fao.org.

Fick, G. N., Zimmer, D. E., & Zimmerman, D. C. (1974). Correla-
tion of seed oil content in sunfl owers with other plant and seed 
characteristics. Crop Science, 14(5), 755-757.

Ghaffari, M., & Hoseinlou, S. H. (2013). Seed yield determinants of 
sunfl ower under drought stressed and well watered conditions. In-
ternational Journal of Agronomy and Plant Production, 4(Special 
Issue), 3816-3823.

Göksoy, A., & Turan, Z. (2007). Correlations and path analysis of 
yield components in synthetic varieties of sunfl ower (Helianthus 
annuus L.). Acta Agronomica Hungarica, 55(3), 339-345.

Habib, H., Mehdi, S. S., Anjum, M. A., & Ahmad, R. (2007). Ge-
netic association and path analysis for oil yield in sunfl ower (Heli-
anthus annuus L.). International Journal of Agriculture and Biol-

ogy, 9(2), 359-361.
Hladni, N., Škorić, D., Kraljević-Balalić, M., Sakač, Z., & 

Jovanović, D. (2006). Combining ability for oil content and its 
correlation with other yield components in sunfl ower. Helia, 
29(44), 101-110.

Iranian Ministry of Agriculture Jihad (2016). Annual Report of 
Agricultural Production. Department of Statistic and Information. 
Tehran, Iran (in Persian).

  Kaya, Y., Evci, G., Durak, S., Pekcan, V., & Gücer, T. (2007). De-
termining the relationships between yield and yield attributes in 
sunfl ower. Turkish Journal of Agriculture and Forestry, 31(4), 
237-244.

  Lal, G. S., Bhadoriya, V. S., & Singh, A. K. (1997). Genetic associa-
tion and path analysis in elite lines of sunfl ower. Crop Research-
Hisar, 13, 631-364.

Marinković, R. (1992). Path-coeffi cient analysis of some yield com-
ponents of sunfl ower (Helianthus annuus L.). Euphytica, 60(3), 
201-205.

Mijić, A., Liović, I., Zdunić, Z., Marić, S., Marjanović Jeromela, 
A., & Jankulovska, M. (2009). Quantitative analysis of oil yield 
and its components in sunfl ower (Helianthus annuus L.). Roma-
nian Agriculture Research, 26, 41-46.

Miller, J. F., & Fick, G. N. (1997). The genetics of sunfl ower. Sun-
fl ower Technology and Production, (sunfl owertechno), 441-495.

Patil, B. R., Rudraradhya, M., Vijayakumar, C. H. M., Basappa, 
H., & Kulkarni, R. S. (1996). Correlation and path analysis in 
sunfl ower. Journal of Oilseeds Research, 13, 162-166.

    Sadras, V. O., Connor, D. J., & Whitfi eld, D. M. (1993). Yield, yield 
components and source-sink relationships in water-stressed sun-
fl ower. Field Crops Research, 31(1-2), 27-39.

Schneiter, A. A., & Miller, J. F. (1981). Description of sunfl ower 
growth stages 1. Crop Science, 21(6), 901-903.

  Shankar, V. G., Ganesh, M., Ranganatha, A. R. G., & Bhave, M. 
H. V. (2006). A study on correlation and path analysis of seed yield 
and yield components in sunfl ower (Helianthus annuus L.). Agri-
cultural Science Digest, 26(2), 87-90.

Tahir, M. H. N., Imran, M., & Hussain, M. K. (2002). Evaluation 
of sunfl ower (Helianthus annuus L.) inbred lines for drought tol-
erance. International Journal of Agriculture and Biology, 3, 398-
400.

Table 6. Direct and indirect effects of agronomic traits on sunfl ower oil yield (Gonbad)
Traits Days to 

fl owering
Days to 
maturity

Plant height Head diam-
eter

Stem diam-
eter

1000 achene 
weight

Achene num-
ber head-1

Oil content

Days to fl owering -0.006 -0.003 -0.005 0.011 0.001 -0.026 0.055 -0.038
Days to maturity -0.002 -0.010 -0.007 0.032 0.009 0.197 0.068 0.025
Plant height -0.001 -0.002 -0.028 0.022 0.012 0.170 0.078 -0.018
Head diameter -0.001 -0.004 -0.008 0.078 0.017 0.190 0.404 0.062
Stem diameter 0.000 -0.004 -0.015 0.058 0.023 0.202 0.314 0.072
1000 achene weight 0.000 -0.005 -0.013 0.039 0.012 0.379 0.031 0.090
Achene number head-1 -0.001 -0.001 -0.003 0.045 0.010 0.017 0.705 0.069
Oil content 0.001 -0.001 0.002 0.024 0.008 0.168 0.240 0.203

Received: 18.02.2018; Accepted: 19.04.2018



<<
  /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


