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Goji berry (Lycium Barbarum L.) is a very popular crop in world horticulture. Plantations require
large-scale production of high-quality, healthy seedlings. The purpose of the research was developing
the stages of introducing Goji berry into in vitro culture and its micro clonal propagation. Branch
cuttings with dormant buds and vegetative shoots were used as explants. 0.2% aqueous solution of
dioside was used as a sterilizing agent to obtain sterile, viable cultures with 10-12 minutes exposure.
Subculturing of explants was carried out on the medium area of Gamborg (BS). Hormones (BAP;
Zn; NAA) and their concentrations were selected to optimize the reproduction ratio. Mass prolif-
eration of buds was achieved by the formation of adventitious buds from the morphogenic tissue
developed in the basal part of the main explant. An optimal method for rooting micro cuttings using
IBA (indole butyric acid) has been developed; Plants-regenerants with high adaptability and good
ability to grow and develop in the soil have been obtained. © 2023 Bull. Georg. Natl. Acad. Sci.

Gamborg (B5) medium, explant, adventitious shoot regeneration, hormones, plants-regenerants

Goji berry (lat. Lycium Barbarum L.) is a popular
crop in world horticulture. Its fruit is characterized
by unique taste and healing properties. Due to its
unique properties, Goji berry fruit is biologically
important. Traditional vegetative propagation of
Goji berry by cuttings is impractical due to high
demand on mother plants, limited seasonal growth
and non-uniform progeny production as a result of

generative propagation.

The development of Goji berry in in vitro
propagation techniques is quite effective for rapid
mass production of healthy planting material, large-
scale cultivation, germplasm improvement, gene

conservation and other research purposes.

Materials and Methods

The object of the research — the plant Goji berry
belongs to the Lycium barbarum family, it is a

© 2023 Bull. Georg. Natl. Acad. Sci.
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small bushy plant. Vegetative young shoots are
yellowish in color and covered with small spines.
The leaf has an elongated shape, the surface is
green, and the lower side is light-gray in color [1].
The flower crown is purple or pink It blooms
throughout the growing season, that is why Goji
berry is used as an ornamental plant as one of the
components of the landscape of gardens and parks.
Goji berries are not consumed raw. Mostly dried
fruits are used. Goji berries are characterized by a
sweet-sour taste. The plant has strong root system,
thanks to which the plant easily adapts to different
types of soil and humidity [1].

Harvesting starts from May and lasts until
October. Harvesting can be done several times
during one season. The juvenile period of the plant
is two to three years. Adult mother plants, from
which the primary explants were isolated, are
grown in the greenhouse at the department of
agrotechnology of the faculty of technology of the

same university.

Explant preparation: In the first stage, at the end
of February and the beginning of March, the
cuttings of the previous year’s shoot with one
dormant bud were isolated from the native mother
plant as an explant and introduced into the culture.
In the second stage, at the beginning of the
vegetation, we used the apical buds of the
vegetative shoots, which were isolated from the
mother plant in April and May.

Apical shoots and axillary bud cuttings were
washed with Tween-80, soaked under running
water for 30min, then rinsed with distilled water
several times. We performed the following works
in a sterile environment — in a laminar box. For
surface sterilization of explants we used 0.1% and
0.2% aqueous solution of diocide with 7-10-12
minute exposure. We washed the explants with
sterile water 3-4 times, left them in the last portion
of water for disintoxication for 15-20 minutes.
After sterilization we sowed the explants in the
nutrient area for the first time.
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Nutrient area and growth regulators: For the
cultivation of explants we used nutrient area
prepared according to the formula of Gamborg (B5)
[2], which was supplemented with 0.6% (w/v) agar,
3% (w/v) sucrose. At the zero stage of micropro-
pagation we used the minimum concentration
(3mol) of 6-benzylaminopurine (BAP) from cyto-
kinins from the plant growth regulators, while at the
micropropagation stage itself, six options were
selected for the optimization of the process based
on the content of growth regulators, namely BAP
and Zeatin with 10; 15 and 20 mol concentrations.
Together with cytokinins, naphthylacetic acid
(NAA) from auxins was added to the nutrient area,
in all variants with the same concentration (3 pM).
The pH of the nutrient area was 5.6-5.8; Sterili-
zation was done under 0.9-1+0.1 atmospheric pres-
sure for 20-25 minutes. We chose several ways to
root micro-shoots:

1. Ex-vitro/in vivo rooting by placing 15-20 mm
long microshoots in 20 pmol indole butyric acid
(IBA) solution for 20-30 minutes, followed by
direct planting in 50 mm diameter pots filled with
peat and soil.

2. In vitro rooting on ' nutrient area of
Gamborg (B5), added 10 mol IBA.

Physical conditions of cultivation: Incubation of
cultures was carried out — on light, illumination
3000 lux, 16/8 hours photoperiod, temperature —
27+£1°C, duration of zero subcultivation was 20
days and in different variants of the experiment, one

subcultivation lasted 25-28 days.

Acclimatization of plant-regenerants: We used
different methods to adapt plant-regenerants.
1) Due to the fact that a large part of plant-
regenerants die during the acclimatization stage
together with the laboratory staff. We developed an
unusual way of acclimatization, which allowed us
to make 85-90% of the plants viable after transfer
to the ground. This method consists in the follo-
wing: we placed rooted plant-regenerants in the

same culture vessel in which we rooted under
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temperature conditions of -25+£1°C. At the same
time of the day we opened the lid of the cultural
vessel for 5 minutes on the first day and in the
following days we increased it multiple times
(10.15, for 20 minutes, etc.). During the next five
days, we opened the lid of the cultures twice a day
for 30 minutes. The next three days we left it in the
ambient air for 4 hours, the next three days - for 8-
10 hours, then 24 hours for two days and only after
that we transferred it to the substrate. We used a
mixture of soil, sand and perlite in the ratio of 2:2:1
as a substrate.

2) In the second case, we planted rooted plant-
regenerants on a substrate of a mixture of soil, sand
and perlite (2:2:1). We covered the plants with
plastic jars and moved them to the greenhouse
(temperature 25+1°C, relative humidity 80-90 We
started reducing humidity after 8-10 days and con-
tinued for 30 days. We transplanted the acclima-
tized plant-regenerants into larger pots, left them
for another 30-45 days in the greenhouse and
transferred them to the ground only after intensive
growth began. The acclimatization period was 50-
60 days on average. The percentage of regenerated
plants that survived was documented and recorded
after 60 days.

The evaluation of the results of the experiment:
was carried out daily after sterilization during the
zero subcultivation period and we determined the
effect of sterilization as a percentage on the 25%

day. We determined the micropropagation coefti-

cient before each subcultivation, the number of
obtained sprouts compared to the number of sown
explants. The rooting ratio was calculated as the
number of rooted explants compared to the total
number of explants. Statistically processed in excel,
data evaluation was performed using statistical
dispersive analysis of variance and multiple range

analysis.

Experiment Results and Discussions

Effect of sterilizing substances on obtaining
aseptic viable cultures. Sterilization and selection
of concentrations of sterilizing substances is an
important stage of successful in vitro cultivation of
Goji berry. A comparative analysis of the obtained
results confirmed that in the options where 0.2%
aqueous solution of diocide was used, exposure for
12 minutes was more effective for cuttings with one
dormant bud than exposure for 7-10 minutes. The
percentage of sterilization was 82% and 62% with
0.1% aqueous solution, and most of the sterile
explants (80%) were viable at both concentrations
(Table 1).

Better surface sterilization results were obtained
when the apical buds of vegetative shoots were
introduced into the culture, in this case 0.2%
aqueous solution of diocide was also more
effective, but here the exposure was reduced to 10
minutes, increasing the sterilization exposure by 12
minutes when using 0.2% aqueous solution

increased the sterilization effect, but reduced the

Table 1. Influence of concentrations of sterilizing substance on the reception of aseptic explants

Sterilants solution Exposition Sleeping buds Vegetative shoots
(min) The number of | The number of | The number of | The number of
sterile ex- plants | Viable ex- plants | sterile ex- plants | Viable ex- plants
% % % %
Diocide 0,1 % solution 7 42.8 70.2 58.0 90.0
Diocide 0,1 % solution 10 54.6 77.8 70.0 100.0
Diocide 0,1 % solution 12 62.0 80.0 80.5 78.6
Diocide 0,2 % solution 7 62.3 75.0 72.0 68.2
Diocide 0,2 % solution 10 74.0 76.2 83.4 100.0
Diocide 0.2 % solution 12 82.0 80.2 94.5 88.0

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 3, 2023
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viable number of explants (88%). The sterilization
effect of the 0.1% solution was 70%, and the
number of viable cultures in this variant was 100%
(Table 1). Thus, to obtain non-infected viable
explants, the described mode of surface sterili-
zation: 0.2% diocide aqueous solution for 10-12
minutes is effective for obtaining aseptic cultures of
Goji berry at the zero stage of cultivation. And for
introduction into the culture as an explant, it is
better to use the apical buds of vegetative shoots.
The literature describes the effectiveness of the
use of aqueous solutions of various sterilizing sub-
stances for the successful surface sterilization of
Goji berry seedlings [3-5], in which sterility was
achieved through a commercial bleach, including
the active ingredient Sodium hypochlorite [6] or
Calcium hypochlorite. In experiments on different
cultures, scientists achieved high sterility of
explants through aqueous solutions of silver-
containing salts, the percentage of sterile cultures

was maximal [7,8].

Bud regeneration through adventitious organo-
genesis. Adventitious bud formation is a wide-
spread form of organogenesis in in vitro culture. It
is regulated by phytohormones of different classes
and concentrations [9]. Adventitious budding refers
to propagation through buds that develop directly
on explant tissue or on secondary callus. Adven-
titious buds are formed on both despecialized
meristem tissue and tissue containing specialized
cells. The genotype of the plant also has a dominant
influence on this process. In our experiment, there
was a different response of explants to the induction
of organogenesis due to the nature and different
concentrations of phytohormones included in the
nutrient area. For the initiation and optimization of
the micropropagation process, the hormones
included in the nutrient area were a necessary
condition for the induction of bud development,
because in the hormone-free nutrient area, only the
primary explant growth in height was observed

without the induction of organogenesis processes.
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The results of the experiment showed us that
adding BAP to the nutrient area was more effective
compared to Zeatin. Adventitious buds were
formed under the influence of both hormones. They
showed similar morphogenetic effects to induce
organogenesis from explants.

Initiation of morphogenetic areas and regene-
ration of buds from them was carried out from the
basal part of the main explant, this process was
preceded by the development of asynchronously
growing callusoid tissue in the hypocotyl area of
the explant, which was facilitated by NAA included
in the nutrient area. The formation of morphogenic
reddish nodules on it was initiated during the II
subcultivation period and continued intensively in
the following subcultivations as well. At the same
time, the emergence of primary leaves from the
germinal buds was also taking place. At the end of
IV subcultivation, the average number of buds per
explant increased to 35-40 units in accordance with
the concentrations of cytokinins included in the
nutrient area. As can be seen from the Table,
different concentrations of BAP affected the
quantitative index of adventitious organogenesis
with different efficiency. The micropropagation
coefficient was maximal when using a concen-
tration of 10uM. A higher concentration (15uM)
resulted in the formation of morphogenetic nodes,
primary leaves and buds, but inhibited the growth
process of buds. A high concentration of cytokinins
in the nutrient zone led to the removal of the apical
dominance of the formed buds and, accordingly,
the adventitious or axillary meristem was activated.
The introduction of BAP at a concentration of
20uM into the feeding area was accompanied by a
significant decrease in the reproduction coefficient.
It prevented the induction of callus in the base of
the explant and, accordingly, the intensity of its
proliferation. The average number of adventitious
buds per explant decreased to 8 units (Table 2) and
all of them were characterized by apical dominant
growth. The morphology of the formed buds also
changed. The leaf stalk and plates were shortened
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Table 2. Effect of hormones on micropropagation of Goji berry

Variant BAP Zn NAA Average number | Average number | Average number
of adventitious of dominant of leaves per
buds buds explant
Control - - - - 1.020.2 2.0+0.4
I 10 - 3 351 £ 4.5 30,0 +£3.8 3,504
I 15 - 3 40,0 £ 5.2 20,4 2.6 2,8 +0.6
11 20 - 3 8,0 £1.0 8.0 =1.0 2,5 +0.5
v - 10 3 25,0 £ 3.2 14.0 1.8 2,8+ 0,6
v - 15 3 28,0 +3.6 10,1 =1.2 2.2 +04
VI - 20 3 34,0 4.3 6.0 +=0.7 2.0 0.4

and thinned. At the point of contact of the leaf
plates with the nutrient area, morphogenetic areas
were formed, from which the direct regeneration of
plants took place.

For Goji berry explants a concentration of
20 uM of BAP was the optimal upper limit, above
which higher concentrations caused the develop-
ment of buds with different anomalous morphology
[7]. During clonal micro-propagation, methods
based on cultivation of apically growing buds are
preferred [10]. In these works, the proliferation
efficiency of cultures was obtained directly from
the explant tissue through different con centrations
of BAP and 2-ip. In all cases, the advantage of BAP
on the formation of organogenic cells and the
regeneration of buds is described. In general, plant
regeneration from callus tissue is much more
difficult and limited by genetic factors than the
induction of micropropagation in tissue culture [9].
Accordingly, the number of varieties that are cha-
racterized by callusogenesis reproduction is quite
small. Different combinations of concentrations of
growth regulators used for callus induction and
plant regeneration from callus from different
explants (leaf, root, hypocotyl and bud) of Goji
plants were particularly successful. The per-
centage of regenerants formation (100% and the
highest number of shoots (23.33+£1.86) were
obtained from callus obtained from bud explants on

a nutrient area containing 0.5mg/L BA [11].
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Our research has confirmed that the best way for
in vitro reproduction of Goji berry is bud culture,
and the effective phytohormone — BAP. The
findings of our experiment correlate with Rania
Taha’s research [9] who states that BAP regulates
cell division, new bud induction, apical bud domi-
nance, as well as root formation along with NAA,
this is due to the fact that BAP is more stable than
other cytokines. It is less sensitive to light oxidation
and can be easily synthesized in the plant body.
Takeshi Hirakawa [12] reported in his study that
cytokinin inhibits the formation of axillary buds of
Humulus lupulus, but together with gibberellin
causes the axillary buds to increase in length.

Rooting and acclimatization of microclones: for
rooting, we selected buds higher than 25 mm. The
results showed that among the options selected for
rooting, in vitro rooting on of the nutrient area of
Gamborg (B5) with 10mol of IBA was effective.
Rooting percentage was 96%. Plant-regenerants
developed a root system in a short time (18-25
days), at the end of subcultivation, the roots were
well branched and rooted, which is important for
the acclimatization process. In the process of roo-
ting, the growth of regenerants also took place in
parallel, the creation of green biomass increased the
probability of adaptation of the plant in the ex vitro
environment. Scientific papers described the effects
of NAA and indolylacetic acid (IAA) on rhizoge-
nesis, but the resulting root system was very weak

[13]. In the same paper, it was shown that 20 ppm
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of the biologically active substance — chitosan was
better than auxins in initiating rhizogenesis of Goji
plants, while the plants were characterized by a
stronger habitus and a complete root system [13].
Like us, Taha also uses IBA for microbud rooting
and before transplanting into the soil, the plants
were characterized by a well-developed root system
[9].

A well-developed root system produced in our
experiment by ex- vitro/in vivo rooting of plant-
regenerants, but the drawback of this method is that
it takes a long time to develop the root system and
the rate of adaptation to the soil was low, 50% of
the buds died.

As for acclimatization — the first method used
for adaptation of plant-regenerants turned out to be
very effective and 85-90% of the plants were viable
after being transferred to the ground. In the second
case, the acclimatization period was 50-60 days on
average. The percentage of surviving plant-rege-

nerants was 65%.
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Conclusions

The conducted experimental research showed us
the possibility of successfully using the in vitro
method for Goji berry micropropagation;

— vegetative buds are the best material for obtaining
viable cultures in the form of primary explants;

— to obtain non-infected and viable cultures, the use
of a 0.2% aqueous solution of diocide as a
sterilizing substance was found to be the best, with
an exposure of 10-12 minutes;

— to increase the reproduction coefficient of Goji
berry in vitro culture, the best results were obtained
by adding BAP with a concentration of 10-15um to
the nutrient area with 3um of NAA;

— an optimal method for rooting micro cuttings
using IBA was developed;

— regenerative plants are characterized by a fairly
high adaptability. Acclimatization to non-sterile
conditions allows us to grow and develop the

resulting plants in soil.



Goji Berry (Lycium Barbarum L.) Plant-Obtaining Regenerants... 67

docadgb0¢ermgos

2mx0 8960b (Lycium Barbarum L.) 3396569-

®93969636E 700l Jomgds 50396@GHMMOo
330603503 dadbols aboo in vitro 37 Ewesdo

6. Do®bsdy’, 6. 5¢0sLsb0s’, 9. x994gwo’, b. 39635600Y’, 9. F0bs3s',
0. O0sL330dY’, . EMw0dy’, b. MOGBs6ody’

B30l 8. Gbiosggerol bsbgerdforer «boz96bodIG0, bsd6960b393y39¢7 8936096985005 ©s
X096005330L %5379 IH0, Bs09F0, bsgs®039¢mm

(Hommb0w0s 5350093000 §g3Mob 5. 3MMsbsdg0ol doge)

23mx0 3900 (Lycium Barbarum L.) cmgeoc 89939650 gmd530 9939 30m349eoMv)eno 3Me@Ge@oad.
dolio bsgmazo dg03538 MmMYs60BToLsMZ0L 5v)30Egdg domsgEoME® BogmogMgdgdl, Mol godma,
3mxo 3gMol bsgmxyo domEmaom®iE Ig@s LsobBghglms. agmxo 3960l GHMEOoEovYmo
393933600 3330331905 J3eIgdom 56M530Bs6gfmboos Lsgwg-0i3965097dBg oo Imm-
bmgbol, 99Bormwo Lgbmbrmo BOEOLs ©s 396gME0mo 3390930 d0L F9EIRsE M-
960033503560 §0053m353¢mdOL FoMImJIboL 350m. gm0 dMOL in vitro §59M53¢gdol Fgdbozols
099853905 15305 9RIIHNIM0S R BLIWIDMEO Latysgzo Fslogrol LiMsgo dslmdmogo fom-
9Imgdoliomgol. 9908535 ymxo d9®ob (Lycium Barbarum L.) in vitro 37e@v®sdo 899g560Ls s
153003 303OMILMBMBO J5TMIZEIBOL 993900, gJudesbEL FoMmImoagbs 3sdgMdbgdmero
35003900 3d0bsty 3306GIO0m s 3939BHOMIVIWO YMMEIB0, BEHIPO OO LogmabEolvbs-
60560 3MWAHWOHJdOL JoLsmgdsE AsLEIMoEgdgwo bogmoghgdol Lbsboom gsdmygbgdwmo ogm
omzool 0,2% fyseblibsto 10-12 frymom, gdudesb@gdol Lvyd3mm@G&o30609ds bmMEogerog-
3mq> 2330mMyol (B5) 153390 56G9Bg. 399M33¢980L 3mg530350gbE0L M3BH0T0oBsEoolmzol 9g0Mbs
3m@3mbgdo (BAP; Zn; NAA) s 9500 3mbi3gb@®s30gd0. domfgre ogbs 33060¢Egdol dstommo
3OHMEORIMNH305 50390EGHMM0 3300EHIOOL Fodmgdboom doMmomso gJudesb@BHol dsbsrw® bs-
fJowdo 5630050580 InMHRMYgbrmo Juirmgowosb. dg0m3sggdweos 3030MMIoedgdol -
39lg056g30LsM3ol M3BH0Tsemo bgdbo 099-l gsdmygbgdom; Fomgdmmos dzgbstg-Mgaaby-
63637900 8505¢r0 5033GHO300Us s 3MMBET0 BMHEs-35630005M9d0L 5B MbsGHO.

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 3, 2023



68

Nana Zarnadze, Nargiz Alasania, Eteri Jakeli...

REFERENCES

10.

11.

12.

13.

Amagase H. and Farnsworth N. R. (2011) A review of botanical characteristics, phytochemistry, clinical
relevance in efficacy and safety of Lycium Barbarum fruit (Goji). Food Res. Int., 44(7):1702—1717, ISSN 0963-
9969. doi: 10.1016/j.foodres.2011.03.027.

Gamborg O.L., Miller R.A., Ojima K. (1968) Nutrient requirements of suspension cultures of soybean root cells.
Exp. Cell Res., 50(1):151-158, ISSN 0014-4827. doi: 10.1016/0014-4827(68) 90403-5.

Danaila-Guidea S., Dobrinoiu R.-V., Vi san L., Toma R. (2015) Protocol for efficient in vitro multiplicaton of
Lycium Barbarum L. (Goji) by direct organogenesis. Scientific Bulletin. Ser. F. Biotechnologies, XI1X:34-38.
Fira A. Joshee N., Cristea V., Simu M., Harta M., Pamfil D., Clapa D. (2016) Optimization of micro-
propagation protocol for Goji Berry (Lycium Barbarum L.). Bulletin of the University of Agricultural Sciences
and Veterinary Medicine Cluj-Napoca: Horticulture, 73(2):141-150, ISSN 1843-5254. doi:
10.15835/buasvmen-hort:12177.

Silvestri C., Sabbatini G., Marangelli F., Rugini E., Cristofori V. (2018) Micropropagation and ex vitro rooting
of wolfberry. HortScience, 53:1494—-1499, doi: 10.21273/HORTSCI13423-18.

Ahmed M. (2022) In vitro propagation and improving accumulation of coumarin in Lycium Barbarum, a rare
plant in the flora of Egypt. Bulletin of the National Research Centre, 46, 222. doi: 10.1186/s42269-022-00881-2.
Zarnadze N., Diasamidze 1., Varshanidze N., Dolidze K., Bolkvadze T. (2018) In vitro reproduction of Kidney
Tea (Orthosiphon stamineus Bents). J. Pharm. Pharmacol., 6 (7). doi: 10.17265/2328-2150/2018.07.009.
Zarnadze N., Dolidze K., Manjgaladze S., Bolkvadze Ts., Diasamidze 1. (2019) Somatic embryogenesis in
hyacinth in-vitro culture. International Journal of Biotechnology and Recent Advances, 2(1):57-59, ISSN 2639-
4529. doi: 10.18689/ ijbr-1000109.

Butenko R.G. (1964) Culture of isolated tissues as a method of studying the processes of growth and mor-
phogenesis of plants. Book. M “Nauka”.

Taha R. A. (2022) Micropropagation protocol for Goji plant (Lycium Barbarum L.). Asian Journal of Plant
Sciences, 21(3): 448—452, doi: 10.3923/ajps.2022.448.452.

Karakas F.P. (2020) Efficient plant regeneration and callus induction from nodal and hypocotyl explants of Goji
berry (Lycium Barbarum L.) and comparison of phenolic profiles in calli formed under different combinations of
plant growth regulators. Plant Physiol. Biochem., 146:384-391, ISSN 1873-2690. doi:
10.1016/j.plaphy.2019.11.009.

Hirakawa T. and Tanno S. (2022) In vitro propagation of humulus lupulus through the induction of axillary bud
development. Plants, 11(8) :1066, ISSN 2223-7747. doi:10.3390/plants11081066.

Kruczek K.-M., Marcelina Arleta and Ochmian I. (2021) Micropropagation, rooting and acclimatization of two
cultivars of Goji (Lycium chinense). Notulae Botanicae Horti Ogrobotanici Cluj-Napoca, Transylvania. 49:
12271, doi: 10.15835/nbha49212271.

Received May, 2023

Bull. Georg. Natl. Acad. Sci., vol. 17, no. 3, 2023




<<

  /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



