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INTRODUCTION

In two recent decades the arti  cial selection of 
domestic plants witnesses ever wider application of 
the experimental haploidy method – obtaining plants 
with a single set of chromosomes. In nature haploids 
may occur spontaneously with the frequency of one 
haploid per 105 10  plants. Haploid plants are re-
markable for a smaller stalk, late ripeness, and, as a 
rule, sterility [1]. To restore the diploid set of chro-
mosomes haploids are treated with colchicine, which 
allows obtaining fertile plants, completely homozy-
gous by all the allele genes. Spontaneous restoration 
of ploidy degree is also possible (for instance, for 
carrots).

The application of haploids in the selection of plants 
allows solving the following tasks:

– fast obtaining of genetically stable non segregat-
ing lines, homozygous for all the loci. It shortens the 
duration of the breeding procedure for self-pollinated 
plants by 3–4 years, and for cross-pollinated plants – 
by 5–6 years. This approach is very ef  cient for hete-
rosis breeding, when the production of inbred lines 
lasts for 5–6 years;

– the ef  cient selection of genotypes due to pheno-
type manifestation of recessive genes in haploids and 
dihaploids. There is elimination of organisms with le-
thal and semilethal genes; 

– the obtaining of monosomic lines for their applica-
tion in the genetic analysis and chromosomal engine-
ering.

Two in vitro methods are widely used to obtain hap-
loids (or diploids):
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androgenesis – the development of haploid plants us-
ing microspores grown aseptically on the nutrient me-
dium, which is applied for over 250 species of plants, 
including wheat, rice, corn, barley,  ax, alfalfa, grapes, 
apples, carrots, etc.;

gynogenesis – the development of haploid plants 
using the isolated ovaries grown aseptically on the 
nutrient medium, which is less common compared to 
androgenesis, but ef  cient in the production of hap-
loids of sugar beets, sun  ower, potatoes, rice, wheat, 
corn, barley, cotton, etc.

The regenerants, obtained using one of the above-
mentioned methods, differ among themselves by 
genotype, i. e. they are remarkable for gamete-clon-
al variability which may be enhanced using hybrids 
F1 as initial material. Due to recombinogenesis the 
gametes of hybrids F1 carry different combinations 
of parental genes. The transfer of haploids to diploid 
level using colchicine allows obtaining a wide spec-
trum of variability for dihaploids in a short period 
of time. 

Experimental haploidy in vitro is widely used in the 
breeding procedure. For instance, new high-yield va-
rieties of rice and wheat were produce China in short 
time using the ovary culture; four-way hybrids of corn 
were obtained in the USA. There are on-going studies 
in experimental haploidy using wheat in Russia (Sara-
tov State University); using corn – in Moldova (Insti-
tute of Genetics, AS of Moldova). In Belarus haploids 
are studied in the Institute of Genetics and Cytology 
(triticale, sekalotritikum, wheat,  ax, potatoes, sugar 
beets) and in SIC NAAS of Belarus for Agriculture 
(rape, barley).

The gynogenesis method was  rst applied in France 
in 1976, when haploid plants were obtained from non-
fertilized barley ovaries [2]. Since then haploids of 
similar origin were obtained from such crops as barley, 
wheat, rice, tobacco, gerbera, hevea, sugar beets, corn, 
sun  ower, cotton and potatoes [3]. 

Andersen et al. used the method of ovary culture to 
obtain embryoids from two carrot samples. The ave-
rage ef  ciency of androgenesis is 0.8 % [4]. Dihaploid 
lines, involved in the breeding process, were created 
using embryoids. In Russia Tyukavin et al. elaborated 
the methods of androgenesis and gynogenesis for car-
rots [5], which were used to obtain isogenic strains. 
In general the haploidy induction method in vitro for 
carrots is remarkable for low ef  ciency, dependent on 
the genotype, the stage of gamete development, cul-

ture medium and climatic conditions of growing donor 
plants. 

To obtain dihaploid plants of carrots the method of 
inducing neoplasms in the culture of carrot ovaries in 
vitro was developed (Pat. No. 30285 dated February 
25, 2008 [17]), which allows obtaining gynogenetic 
callus from non-fertilized ovaries [6]. However, the 
regenerating ability of this callus and the viability of 
plants, received from it, were found to be very low. For 
instance, the average yield of embryoids from gyno-
genetic calluses was 3.1 ± 1.2 per one callus, whereas 
the percentage of the formation of normal plants from 
these embryoids did not exceed 6.3 % [7]. A number 
of factors, participating in the regulation of embryoge-
nesis in vitro have been established. These are nitrogen 
compounds (ammonium form), potassium, calcium, 
osmotic force of the solution and the concentrations of 
carbohydrates, vitamins, amino acids and growth regu-
lators [8]. There are data, proving that l2, the in-
hibitor of ethylene synthesis, causes three-fold increase 
in the yield of embryoids in the suspension culture [9]. 
Some authors [10, 11] came to the conclusion on ac-
tive participation of calcium ions in the initiation of 
the program of embryonic development of sporophytes 
of plants.

There is con  rmed positive effect of calcium chlo-
ride on embryogenesis from carrot calluses, originat-
ing from somatic tissues [6]. Murashige and Scoog 
(MS) basal medium was used to develop the culture 
medium for the induction of somatic embryoids of 
carrots, which contains l2 in the increased con-
centration [12]. 

Taking into consideration the fact that due to haploid 
status the calluses of gynogenetic origin require spe-
ci  c conditions for the manifestation of embryogenic 
ability, the aim of this work was to optimize the rege-
nerative and adaptive stages of the method of obtaining 
dihaploid plants by the gynogenesis in vitro.

MATERIALS AND METHODS

The experiments were conducted in laboratory and 
 eld conditions. Common methods were applied to 

cultivate carrot tissues and cells in vitro [13–16]. 
The productive line 345 of hybrid origin, Shantene 

variety, elaborated in the Institute (number in the cata-
log of biotechnological samples of IVMG NAAS) 
was used. The initial plants were selected by optimal 
parameters of the seeded cluster in the  eld selection 
seed-plot. The in  orescences of orders I and II were cut 
at the stage of opening the last row of  owers.
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The in  orescences were disinfected with 0.1 % wa-
ter solution of HgCl2 with the exposition for 20 min, 
and washed with distilled water  ve times. The ova-
ries were extracted from the closed buds to obtain a 
callus therefrom, using the method of neoplasm induc-
tion, developed in the Institute for the culture of carrot 
ovaries in vitro [17]. The gynogenetic calluses obtained 
were cloned on the medium for callusogenesis during 
several passages [11].

In order to select the variant of medium, ef  cient for 
the formation of embryoids, the gynogenetic calluses 
were cultivated in the following conditions:

1. S  control [18];

2. S + 999 mg/l CaCl2 ( S + CaCl2);

3. S + 90 g/l sucrose ( S + sucrose). 

25 calluses were used in each variant. The yield of 
embryoids from calluses was estimated 30 days later. 
The embryoids over 3 mm were subjected to estima-
tion. The regeneration of seedlings from the obtained 
initial embryoids was conducted on the MS medium 
with 0.1 mg kinetin [19]. The completion of growing 
and root development of regenerant plants was con-
ducted on the hormone-free medium of ½ MS [19]. 
The number of plants, obtained from embryoids, was 
estimated 40 days later. Plants of normal structure 
with 2–4 leaves, 5 cm high, and with developed root 
system were registered. 

Plants in tubes were adjusted to in vivo conditions in 
the coconut pills under the  lm in the cultural room, 
where they were cultivated at the temperature of 
20 °  and illumination of 10,000 lx. The nutrition with 
Knop’s solution was performed every 7 days [16].

The regenerant plants were planted into the open soil 
in the phase of 3–5 actual leaves in the  rst decade of 
July 2014.

In order to determine the optimal method of culti-
vating gynogenetic regenerant plants in the  eld and 
of obtaining roots from them, three kinds of material 
for soil mulching were studied: black  lm; transparent 
 lm, white agro  ber; control – no mulching [16].
The regenerant plants were planted into the cuts in 

the mulching material using the 45 × 20 cm scheme. 
Each variant was presented with three repeats, each re-
peat – with 20 plants. 

The collection and biometric estimation of regenerant 
roots was conducted during the  rst decade of October. 
Regenerant roots of standard size (DSTU 7035:2009) 
were selected for storing in winter.

The statistical analysis of the results obtained was 
performed using common methods [20, 21].

RESULTS AND DISCUSSION

During the experiment in elaborating the optimal 
culture medium for embryogenesis from gynogenetic 
calluses the callus, obtained from non-fertilized ova-
ries of genotype 345, was cultivated on two modi  -
cations of the culture medium MS. After 30 days of 
cultivation (passage I) the yield of embryoids in all 
the variants of the medium was found to be very low 
(Table 1). They were also abnormal and it was impos-
sible to obtain normally developed plants from them. 
Further cultivation (passage II) on the same media al-
lowed increasing the level of embryogenic ability of 
calluses and obtaining up to 8.9 ± 2.1 embryoids from 
one callus in the variant S + CaCl2, which was con-
siderably higher compared to the control (2.1 ± 0.7 
of embryo/callus). The cultivation of calluses on the 
medium MS + sucrose did not affect the embryogenic 
ability of gynogenetic calluses. 

The aftereffect of inductive media was observed at 
the stage of plant regeneration from embryoids in pas-

Table 1. The effect of modi  cation of the culture medium on embryogenesis and the yield of normally developed regenerant 
carrot plants from gynogenetic  callus 345, 2014

Variant of medium
Yield of embryoids from one callus, it. Yield of normal plants 

from one callus, it. Share of living plants 
after the adaptation, %

I passage II passage III passage

S (control)
S + CaCl2

S + sucrose
LSD05

0.3 ± 0.1
1.1 ± 0.3

0
0.4

2.1 ± 0.7
8.9 ± 2.1
0.4 ± 0.1

1.2

0.6 ± 0.3
7.3 ± 2.0
0.1 ± 0.02

1.1

10.0
56.0

0
6.8
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sage III. On average 7.3 ± 2.0 of normal plants from 
one callus were obtained from embryoids, cultivated 
on the medium S + CaCl2, which was considerably 
higher compared to the control, where the number of 
normally developed plants was 0.6 ± 0.2 it. (Table 1).

While growing in the coconut substrate ex vitro in 
the cultural room the regenerant plants, obtained on the 
medium S + CaCl2, survived better than regenerants 
in the control (56 and 10 % of planted plants respec-
tively). 

The cultivation of carrot regenerants in the  eld is 
more complicated as weather conditions, soil overheat-
ing and overdrying affect them, decreasing the survival 
of plants and the quality of roots. In order to optimize 
the conditions of obtaining roots from gynogenetic re-
generants in the unprotected  eld conditions the effect 
of different mulching materials on the development of 
regenerant plants was studied.

It was established that mulching with black and 
transparent  lms had negative effect on the survival of 
plants, decreasing it considerably, compared to the con-
trol (15.0; 42.5 and 70.5 %) (Table 2). This fact may be 
explained by the increase (due mulching with  lms) in 
the soil temperature compared to the control which has 
negative effect on the development of the root system 
of the plant, as the biological speci  city of carrots is 
the suspension of growth processes in the root system 
at the soil temperature over 25 ° .

A considerably higher number of surviving plants 
compared to the control was obtained while using white 
agro  ber when this index was 86.5 %. It is evident that 
this material prevents overheating of soil and promotes 
the establishment of plants.

The results on biometric analysis of plants in the 
phase of technical ripeness demonstrated that all the 
variants of mulching had positive effect on the growth 
of the heart of leaves, thus increasing its average height. 

The excess of the control by this index in the variants 
with black  lm and agro  ber was insigni  cant (23.0 ± 
± 1.2 cm, 23.1 ± 1.3 cm, 20.4 ± 1.0 cm respectively), 
whereas the variant with a transparent  lm was exceed-
ing the control signi  cally (by 5.6 cm). Evidently, the 
mulching with a transparent  lm promotes better provi-
sion of plants with moisture. 

The average number of leaves increased for the plants 
in the variants with soil mulching was compared to the 
control. A signi  cant increase was noted for the vari-
ant with a black  lm, where the number of leaves was 
18.2 ± 2.0 per one plant, whereas in the control it was 
13.1 ± 1.1. This phenomenon may be explained by 
speci  c response of carrot plants to the conditions of 
increased temperature and humidity of soil, created by 
the black  lm. 

The average weight of roots in all the test variants 
was considerably higher than that for the control due 
to the improvement of water balance. The largest 
weight of roots was registered in the variants with the 
transparent  lm (108.8 ± 7.4 g) and white agro  ber 
(92.8 ± 6.5 g). The increase in the weight of regene-
rant roots is a positive phenomenon which promotes 
the improvement in their quality and ensures preser-
vation capacity due to the decrease in weight during 
long-term storing.

The results of the studies were 96 regenerant roots, 
the application of which is planned to obtain generation 
R1 and to perform further selection work in creating 
combination-capable lines.

CONCLUSIONS
The regenerating and adaptive stages of obtaining 

dihaploid regenerant plants from gynogenetic carrot 
calluses, induced from non-fertilized ovaries in vitro 
were optimized. The culture medium MS, modi  ed 
with the increased content of CaCl2, the cultivation 
on which leads to 4-fold increase in the number of 

Table 2. The effect of different types of soil mulching on the viability and growth of carrot regenerant plants of gynogenetic 
origin from callus 345, 2014

Type of mulching 
material

Establishment of 
regenerants in soil, % Height of heart, cm Number of leaves per 

one plant
Root weight, 

g

No mulch (control)
Black  lm
Transparent  lm
White agro  ber 
LSD05

70.5
15.0
42.5
86.5
8.1

20.4 ± 1.0
23.0 ± 1.2
26.0 ± 1.5
23.1 ± 1.3

3.2

13.1 ± 1.1
18.2 ± 2.0
14.0 ± 1.6
14.2 ± 1.7

2.4

54.3 ± 4.7
74.3 ± 6.7

108.8 ± 7.4
92.8 ± 6.5

11.2
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embryoids, formed from gynogenetic calluses, com-
pared to the control (8.9 ± 2.1 and 2.1 ± 0.7 respec-
tively) and 12-fold increase in the yield of normal 
plants from one callus (7.3 ± 2.0 and 0.6 ± 0.3), was 
developed.

While growing roots using regenerant plants in 
the  eld the mulching of soil with white agro  ber 
ensures the survival of regenerants at the level of 
86.5 % which is 16 % higher than the control (with-
out mulching) and the increase in the average weight 
of roots up to 92.8 g (38.5 g more compared to the 
control). It allows refusing from greenhouses or tun-
nels while growing regenerant roots of gynogenetic 
origin.

  
   

. . , . .  
e-mail: ovoch.iob@gmail.com

    
 

. , 1, /  , 
 ., 62478

.     
     -

      in vitro,  
:       

  -   -
- . .  -

  .   
 345     -

 in vitro    . 
.   ,  

      -
  4 ,       

12 .     -
     

     
   86,5 %,   16 % ,   

 (  ),    
   92,8  (  38,5    

 ). .   
      

-     , 
       

in vitro.      
     ,  
      
      

     . 
       

   -  
 .

 : ,   in 
vitro,   , , , 

- .

  
   

. . , . . 
e-mail: ovoch.iob@gmail.com

    
 

. , 1, /  , 
 ., 62478

.     
     

      in 
vitro,  :    , 

 -   - -
. .   -

 .    -
 345     in 

vitro    . . 
  ,    -

      
 4 ,       12 .  

   -  
     

   -
   86,5 %,   16 % ,    

(  ),     
  92,8  (  38,5    

 ). .  -
      -

 -    -
 ,   -

    in vitro.  -
      

   ,  -
     -

     -
       

.      
     -
-   .

 : ,  -
 in vitro,  , , 

, - .

REFERENCES

1. Genetic basis of plant breeding. Biotechnology in plant 
breeding. Cell engineering. Minsk, Belorusskaya nauka, 
2012; Vol. 3. 490 p.  

2. San Noeum L.H. Haploides d’Hordeum vulgare L. par 
culture in vitro d’ovaries non fecondes. Annales De 
L’Amelioration Des Plantes. 1976; 26: 751 4.



AGRICULTURAL SCIENCE AND PRACTICE   Vol. 2   No. 3   201554

VITSENIA et al.

3. Pavlova M.K. Culture of nonfertilized ovaries and 
ovules: possibilities and prospects. Agricultural iology. 
1987; (1): 27–33. 

4. Andersen S.B., Cristiansen I, Farestveit B. Carrot 
(Daucus carota L.): In vitro production of haploids and 
 eld trials. Biotechnology in Agriculture and Forestry.

Berlin, Heidelberg, Springer. 1990; 12: 393–402.
5. Tyukavin G.B., Domblides A.S., Shmykova N.A. Gyno-

genesis carrots in vitro. Breeding and seed production 
of vegetable crops in the XXI century: Int. scienti  c and 
practical. conf. Moscow. 2000. Vol. 2: 277 9. 

6. Sergienko O.F. Somatic embryogenesis in carrot callus 
culture. Ovochivnytstvo i bashtannytstvo. Mizhvidom-
chyy tematychnyy naukovyy zbirnyk. 1999; 43: 53 9. 

7. Sergienko O.F. Proliferative and embryogenic potential 
of carrot gynogenic callus clones. Genetics in modern 
society. Sci. Conf., dedicated to the 70th anniversary of 
the dept. of genetics and cytology, VN Karazin Kharkiv 
National University. Abstracts. Kharkov. 2004; 49
50. 

8. Johry B.M., Rao P.S. Experimental embryology. Plant
embryology: the use of genetics, breeding and biotech-
nology. Trans. from English. Moscow, Agropromizdat. 
1990; Vol. 2:343 427. 

9. Roustan J.P., Latche A., Fallot J. Stimulation of Daucus 
carota somatic embryogenesis by inhibitors of ethylene 
synthesis: cobalt and nickel. Plant Cell Reports. 1989; 
8(3): 182 5. 

10. Yermakov I.P., Matveeva N.P. Regulation of early 
embryogenesis in higher plants. Russian J Plant Physiol. 
1994; 41(3): 414 23. 

11. Reynolds T.L. Effects of calcium on embryogenic in-
duction and the accumulation of abscisic acid, and an
early cysteine-labeled metallothionein gene in androge-

nic microspores of Triticum aestivum. Plant Sci. 2000; 
150(2): 201–7.

12. Patent of Ukraine 77741. MPK (2006) 01  4/00, 
12N 5/04. A breeding ground for somatic embryos 

of carrot callus culture in vitro. O. F. Sergienko, 
S. Ya. Lyedovskyy, T. K. Horova. N 20040706346. Appl. 
30.07.2004; publ. 15.0.2007. Bul. N 1.  

13. Butenko R.G. Isolated tissue culture and physiology of 
plant morphogenesis. Moscow, Nauka. 1964; 272 p. 

14. Kalinin F.L., Sarnatskaya V.V., Polishchuk V.Ye. Methods 
of tissue culture in plant physiology and biochemistry. 
Kyiv, Naukova Dumka, 1980; 488 p.  

15. Miroshnichenko V.P., Sergienko O.F., Ivchenko T.V., Hon-
charova S.A., Kondratenko S.I., Bashtan N.O. Research 
methodology in isolated tissue of cultures of vegetables. 
Merefa, IOB UAAN. 2004; 25 p. 

16. Sergienko O.F., Bashtan N.O., Horova T.K. Microcloning 
methods of selecting carrot samples. Merefa, IOB 
UAAN. 2004;12 p. 

17. Patent of Ukraine 30285 U  (2006) 01  1/04, 
12N 5/00. The method of tumors induction in the carrot 
vules culture in vitro. O. F. Sergienko, V. V. Yanchenko, 

H. I. Yarovyy. N 0200709889. Appl. 03.09.2007; publ. 
25.02.2008. Bul. N 4. 

18. Murashige , Skoog F. A revised medium for rapid growth 
and bioassays with tobacco tissue cultures. Physiol Plant. 
1962; 15:473 97. 

19. Tyukavin G.B. Fundamentals of carrot biotechnology. 
Ed. V. F. Pivovarov. Moscow, VNIISSOK. 2007; 479 p. 

20. Lakin G.F. Biometrics. Moscow, Vysshaya shkola. 1990; 
352 p.

 21. Dospekhov B.A. Methods of  eld experience (with the 
fundamentals of statistical processing of study results). 
5th ed. revised and enlarged. Moscow, Agropromizdat. 
1985;351 p. 



<<
  /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 false
  /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 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /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


