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BACTERIAL ENDOPHYTES AS POTENTIAL
BIOCONTROL AGENTS AGAINST SWEET POTATO PATHOGENS

BOIU-SICUIA Oana-Alina, DIACONU Aurelia, PARASCHIV Alina, CORNEA Cilina Petruta

Abstract. Bacterial endophytes are plant-associated microorganisms colonizing internal tissues without causing any symptoms to
their hosts. Their intimate relation with the plant can trigger several beneficial traits for their host, such as growth improvement and
tolerance to some biotic and abiotic factors. Therefore, endophytic bacteria can be used as agro-inoculants in various crops suitable
for organic production, such as sweet potato. The aim of this study is to reveal the potential use of bacterial endophytes as biocontrol
agents against sweet potato pathogens. Selected endophytic bacterial strains revealed antifungal activity against important tuber, root
and stem pathogens, belonging to Fusarium, Botrytis, Curvularia and Trichothecium genera.
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Rezumat. Endofitii bacterieni cu potential de utilizare ca agenti de biocontrol impotriva patogenilor cartofului
dulce. Bacteriile endofite sunt microorganisme asociate plantelor, capabile sa colonizeze interiorul tesuturilor vegetale fara a
produce simptome plantelor gazda. Prin relatia foarte stransa pe care o au cu plantele pe care le colonizeaza, bacteriile endofite aduc
plantei mai multe beneficii, precum stimularea cresterii si toleranta la unii factori biotici si abiotici. Din aceste considerente, unele
bacterii de control biologic pot fi utilizate ca agro-inoculanti pentru acele culturi care se preteaza la sistemul ecologic de productie,
asa cum este cartoful dulce. Scopul acestei lucrari este de a evidentia potentialul bacteriilor endofite de a fi utilizate ca agenti de
combatere biologicd impotriva unor agenti daundtori cartofului dulce. Tulpinile selectionate de bacterii endofite au evidentiat
activitate antifungica impotriva unor fitopatogeni importanti ce ataca tuberculii, radacinile si tulpinile plantelor de cartof dulce, cum
ar i patogeni din genurile Fusarium, Botrytis, Curvularia si Trichothecium.

Cuvinte cheie: combatere biologica, bacterii endofite, cartof dulce, fungi fitopatogeni, boli ale plantelor.

INTRODUCTION

Environmentally friendly agricultural practices are highly appreciated nowadays. The use of microbial
inoculants can bring many benefits for agriculture and environmental protection. Various types of microorganisms can
be applied to improve soil quality and fertility (MAHANTY et al., 2016), most of which ensure plant biostimulation
(BHARDWALJ et al., 2014), while others are involved in bioconversion and bioremediation (WEYENS et al., 2009;
MESA et al., 2017). Another important class of beneficial microorganisms are those involved in plant protection
(KOHL et al., 2019). Such microbial inoculants can reduce the risk of phytopathogenic attack (KHALAF & RAIZADA,
2018), prevent spoilage loses (GALVEZ et al., 2010), and protect harvests against contamination with microbial toxins
or health detrimental germs (ABDELHAMID & EL-DOUGDOUG, 2020; ZADRAVEC et al., 2022).

Among biocontrol bacteria, those associated to plants are the most studied. Bacterial colonizers found on the
surface of the roots are called rhizobacteria (BACKER et al., 2018). They are the first protection barrier against
phytopathogenic attack, preventing plants from infections and contamination. Another category of plant-beneficial
bacteria are endophytes, which are adapted to inhabit the inner plant tissues. Their way of living inside plants is not
harmful to the host (MENGISTU, 2020). On the contrary, endophytism creates an intimate relationship between the
associates, stimulating the endophyte to support the wellbeing of the plant, by helping the host plant growth under
normal and stress conditions (LOPEZ et al., 2018).

Using selected endophytes as agro-inoculants is a promising approach in sustainable agriculture (VYAS,
2018). Studies have showed that selected endophytes, applied as microbial inoculants, can also improve germination
and growth parameters when applied to plants, other than their initial hosts (CUEVA-YESQUEN et al., 2021). This is
mainly due to the wide variety of beneficial traits revealed by such plant beneficial microorganisms (RYAN et al.,
2008; TIAN et al., 2017; AFZAL et al., 2019).

Significant results were also obtained when using bacterial endophytes to suppress plant pathogens. A special
attention was given to the biocontrol potential of endophytes against vascular wilt diseases, mostly as they are
colonizing the same ecological niche (ELJOUNAIDI et al., 2016). Promising results were also observed when using
endophytes against other types of fungal and oomycete pathogens (KHALAF & RAIZADA, 2018).

The present study is focused on the antifungal activity of three endophytic bacteria against various sweet
potato pathogens causing crown rot, plant wilt, leaf spots, and tuber rot. The aim is to reveal the potential use of
bacterial endophytes as biocontrol agents against sweet potato pathogens.

MATERIALS AND METHODS

Sweet potato pathogens. All tested pathogens, except one, were isolated from Romanian produced sweet
potato, during the growing season of 2021. Botrytis cinerea is the only exception. This pathogen was previously
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isolated from naturally contaminated tubers of KSP1 cultivar, formerly named Pumpkin cultivar from South Korea,
expressing symptoms of grey mold (BOIU-SICUIA et al., 2016).

For pathogen isolation and identification, infected plant parts and tubers of sweet potato were collected from
the experimental fields of SCDCPN Dabuleni. Infected plant materials were transferred into RDIPP laboratory, where
they were maintained in humid chambers to facilitate sporulation of the plant pathogenic microorganisms. The direct
isolation method was then applied, and fungal spores were collected and transferred on Potato-Dextrose-Agar (PDA)
supplemented with antibiotics. Repeated plating was than performed on PDA in order to obtain pure cultures. Plant
pathogens were maintained on PDA in refreshed, pure cultures.

Bacteria isolation source. The seeding material produced on sandy soils at SCDCPN Dabuleni, Dolj county
was washed and surface-disinfected in two steps. First with 70% ethanol, and secondly with 5% sodium hypochlorite.
After intensive rinsing with sterile distilled water supplemented with Tween 80 (SILVANI et al., 2008), the plant
material was axenically grinded and infused for 20 minutes in sterile phosphate saline buffer. Volumes of 100 pl
infusion were inoculated, by the spreading technique, on Plate Count Agar (PCA medium containing: 5 g/L tryptone,
2.5 g/L yeast extract, 1 g/L glucose, 18 g/L agar, pH 7.2 + 0.2 at 25°C). The bacteria were then purified and maintained
on Luria Bertani agar. Glycerol stocks were also prepared and stored at -20°C.

To confirm endophyte harvesting, the rinsing water was plated on PCA to reveal the lack of non-endophytic
microbial contaminants on the seed surface.

Microbial identification. Isolated fungi were identified based on their microscopic features. Fungal
characteristics were checked out before their isolation from sweet potato, as well as after in vitro purification (CLARK
& MOYER, 1988). The phytopathogens were first observed under the magnifier, and then under the microscope, in
freshly prepared microscopic slides.

Bacteria were identified from primary culture on non-selective agar, based on colonial appearance and, then,
based on microscopic appearance in Gram stained slides (LOGAN & DE VOS, 2009).

Microbial antagonism. The double culture technique was performed to evaluate the antifungal activity of
bacterial endophytes against sweet potato pathogenic fungi. Tests were performed in vitro, on PDA medium. Bacterial
biomass was inoculated at 2.5 cm distance from the fungal inoculum, placed in the center of the plate. Tested fungi
were calibrated as mycelial plugs of 6 mm diameter. Control plates were also prepared, for each of the tested fungi.
Tests were performed in triplicate and incubated at 26°C.

Data collection and statistical analysis

The biocontrol potential of the isolated bacteria was evaluated within in vitro tests. Fungal growth in the test
plates were periodically analyzed and compared to the control. Data were collected by biometric measurements. Results
were subjected to One Way ANOVA to see if there were any significant differences between the bacterial inoculated
variants and the uninoculated control. Antifungal activity was evaluated after 10 days of incubation, according to DINU
et al. (2012).

RESULTS AND DISCUSSIONS

Phytopathogenic fungi associated with sweet potato. The visual and stereomicroscope analysis suggested
fungal infections of sweet potato (Fig. 1).

Figure 1. Fungal infection of sweet potato
a. rotten tubers and stems, b. fungal sporulation on plant stems.
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To confirm fungal infections, microscopic slides were either directly prepared from the contaminated plant
tissue or the infected stems were first maintained in humid chamber and only afterwards were the microscopic slides
prepared. Together with the slides, fungal isolations were performed and colony morphology was also analysed.

From the contaminated tubers and stems of different sweet potato breeding lines and variety, three strains of
fusaria were isolated. These Fusarium sp. isolates were named DK19/1, DK 19/4, and KSP1 based on the sweet potato
cultivar code. The identification was made based on microscopic characteristics. The pathogens revealed septate hyaline
hyphae with acute angle branching. The macroconidia were mostly seen when pathogen sporulated on vegetal material.
These macroconidia were banana shaped, with 3 to 5 septs (Fig. 2a). On agar slants, the micro- and mesoconidia were
more abundant (Fig. 2b). Their shape was either oval, elliptical or kidney like. These conidia were formed on short
monophyalides (Fig. 3¢). Older cultures were able to form chlamydospores (Fig. 2d), mostly single or in pairs, either
terminal or intercalary in the mycelia.

Figure 2. Fusarium sp. microscopic characteristics
a. Macroconidia, b. Micro- and mesoconidia, ¢. monophyalides (arrow), d. chlamydospores (arrows).

From the contaminated stems of sweet potato (Fig. 3a), one strain of Trichothecium roseum was isolated. On
PDA colony were flat and powdery, from white to light salmon-orange in color with age (Fig. 3b). The conidiophores
were unbranched, bearing basipetal zig-zag arranged conidia with retrogressive development. Conidia are two-celled,
with obliquely pedunculated basal cell (Fig. 3c).

Figure 3. Trichothecium roseum characteristics a. Contaminated stems of sweet potato, b. upper face culture on PDA, e¢. conidia.
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One strain of Curvularia sp. was isolated from contaminated leaves of sweet potato. On PDA, the colonies were
fluffy-black. The mycelia revealed brown (Fig. 4a), septate hyphae, producing geniculate conidiophores (Fig. 4b). Conidia
were slightly curved, transversely septate, with an expanded middle cell which gives the curvature of the conidium.

Figure 4. Curvularia sp. characteristics
a. Aspect of the upper face culture on PDA, b. geniculate conidiophores with conidia.

All these sweet potato phytopathogens, as well as the gray mold caused by Botrytis cinerea, are described in the
Compendium of Sweet Potato Diseases (CLARK & MOYER, 1988), the only exception being Trichothecium roseum.

Isolated bacteria. Three strains of endophytic bacteria were isolated, named Bsl1, Bs2 and Bs3, depending on
the seed source. Microbial growth obtained on agar slants revealed Bacillus type colonies (LOGAN & DE VOS, 2009).
On the Nutrient Agar medium supplemented with soluble starch, the colonies were opaque, with a rough aspect, and
fuzzy white or slightly sandy in color, having irregular edges (Fig. 5).

Figure 5. Endophyte bacteria obtained from various seeds.
Aspect of the upper face colony of Bsl (a), Bs2 (b) and Bs3 strains (¢).

Analysed by Gram staining, all isolates revealed rod shaped cells, single or arranged in pairs or chains. These
bacteria were considered sporulated as all three strains survived after 1h incubation at 65°C.

Antifungal activity

The antifungal activity of the isolated endophytes was evaluated against six pathogens of sweet potato. A clear
inhibition zone was measured after one week of incubation at 26°C. This biometric parameter reveals which beneficial
strains are able to release, into the substrate, antimicrobial compounds in such concentrations able to inhibit the fungal
growth. The diffusion zone containing inhibitory compounds was measured for each microbial interaction (Table 1).

Table 1. Antifungal activity of endophytic bacteria against sweet potato phytopathogens (after one week of co-cultivation at 26°C).

. Bsl Bs2 Bs3
Bacterial endophytes

Fungal phytopathogens Clear inhibition zone (cm)

-arithmetic mean values-
Fusarium sp. DK19/1 0.6 0.4 0.5
Fusarium sp. DK19/4 0.3 0.4 0.3
Fusarium sp. KSP1 1.0 0.8 0.9
Trichothecium roseum 0.1 0.0 0.2
Botrytis cinerea 04 0.3 0.45
Curvularia sp. 0.9 0.7 0.8

Although the clear inhibition zone is relevant for detecting the biocontrol potential of the tested bacteria based
on their antifungal diffusible compounds, there are other mechanisms of actions also involved in microbial antagonism.
Such mechanisms are the direct inhibition, competition, or hyperparasitism. All these are reducing the growth rate of
the pathogens. Therefore, fungal growth inhibition in the presence of bacterial endophytes was also evaluated. This
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parameter was determined based on the biometric measurements. Statistically significant differences (p < 0.05) were
seen when the bacterial inoculated plates were compared with the uninoculated control (Table 2).

Table 2. One-way Anova to reveal statistically significant differences (p<0.05) on fungal growth within antimicrobial tests.

Biocontrol test against | Anova: Single Factor

sweet potato pathogens | Source of Variation SS df MS F P-value | F crit

Fusarium sp. DK19/1 Between Groups 0.548 3 0.183 31.286 | 5.91E-06 3.490
Within Groups 0.070 12 0.006
Total 0.618 15

Fusarium sp. DK19/4 Between Groups 11.240 3 3.747 | 562.000 | 3.64E-13 3.490
Within Groups 0.079 12 0.007
Total 11.320 15

Fusarium sp. KSP1 Between Groups 2.673 3 0.891 | 237.556 | 6.00E-11 3.490
Within Groups 0.045 12 0.004
Total 2.718 15

Trichothecium roseum Between Groups 9.992 3 3.331 | 940.412 | 1.69E-14 3.490
Within Groups 0.043 12 0.004
Total 10.034 15

Botrytis cinerea Between Groups 11.337 3 3.778 | 671.815 | 1.26E-13 3.490
Within Groups 0.068 12 0.006
Total 11.404 15

Curvularia sp. Between Groups 4.453 3 1.484 | 209.529 | 1.26E-10 3.490
Within Groups 0.085 12 0.007
Total 4.538 15

As the F values are greater than the F critical values, it can be said that there is a statistically different finding
when comparing the biocontrol variants with the untreated control.

Antifungal efficacy was calculated based of the biometric measurements that compute fungal development in
the presence of each tested strain, with the fungal growth in the control plates. The resulted fungal inhibition efficacy is
revealed in Figure 6.

54 62 2a Sa
2a 4a 2a 5a
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4c 6b
3b 6b
3¢
la la
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1b 2b 3d 4d 5b 6¢
Bs1 Bs2 Bs3
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W 1 Fusarium sp. DK19/1 ™2 Fusarium sp. DK19/4 m 3 Fusarium sp. KSP1

B 4 Trichothecium roseum B 5 Botrytis cinerea 6 Curvularia sp.

Figure 6. Fungal inhibition efficacy.
A number was affiliated to each antagonism test performed against a certain sweet potato pathogen. Different letters of the same
number indicate a significant difference between the experimental variants regarding the fungal inhibitory activity.

The tested endophytic strains were able to alter the pathogens’ growth and act as potential biocontrol agents.

The best results for the in vitro control of sweet potato fungal pathogens were obtained with Bsl endophytic strain,
followed by Bs3, with no significant differences.
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A reduced inhibition potential was seen against the Fusarium sp. isolate collected from DK 19/1 biologic line
of sweet potato. This may be due to the pathogen virulence or, rather, to its tolerance to the mechanism of action
expressed by the tested endophytes.

CONCLUSIONS

Various types of fungal pathogens were identified on sweet potato, producing tuber, root and stem infections.
For these contaminations, pathogens belonging to Botrytis, Curvularia, Fusarium and Trichothecium genera were
identified. Bacillus endophytic strains, Bs1, Bs2 and Bs3 were also isolated in this study. Among these strains Bs1 and
Bs3 revealed better antagonistic effect against sweet potato fungal pathogens. However, one strain of Fusarium sp. was
refractory to biological control.

ACKNOWLEDGMENTS

This study was supported by the sectorial project ADER 7.3.4./2019 “Researches regarding in vitro selection
for identification, multiplication and promotion of new sweet potato genotypes with tolerance to thermohydric stress /
Cercetari privind selectia in vitro in vederea identificarii, multiplicérii si promovarii unor genotipuri de cartof dulce cu
toleranta la stresul termohidric” financed by the Ministry of Agriculture and Rural Development.

REFERENCES

ABDELHAMID AHMED G., EL-DOUGDOUG NOHA K. 2020. Controlling foodborne pathogens with natural
antimicrobials by biological control and antivirulence strategies. Heliyon. Elsevier. 6(9): €05020.

AFZAL 1., SHINWARI Z. K., SIKANDAR SHOMAILA, SHAHZAD SHAHEEN. 2019. Plant beneficial endophytic
bacteria: Mechanisms, diversity, host range and genetic determinants. Microbiological Research. Elsevier.
221: 36-49.

BACKER RACHEL, ROKEM 1J. S., ILANGUMARAN GAYATHRI, LAMONT J., PRASLICKOVA DANA, RICCI
EMILY, SUBRAMANIAN SOWMYALAKSHMI, SMITH D.L. 2018. Plant growth-promoting rhizobacteria:
Context, mechanisms of action, and roadmap to commercialization of biostimulants for sustainable agriculture.
Frontiers in Plant Science. Frontiers Media S.A. Switzerland. 9: 1473.

BHARDWAIJ D., ANSARI M. W., SAHOO R. K., TUTEJA NARENDRA. 2014. Biofertilizers function as key player
in sustainable agriculture by improving soil fertility, plant tolerance and crop productivity. Microbial Cell
Factories. BioMed Central Ltd. United Kingdom. 13: 66-76.

BOIU-SICUIA OANA-ALINA, CONSTANTINESCU FLORICA, DINU SORINA, DRAGHICI RETA, DIACONU
AURELIA. 2016. Preliminary study regarding phytopatogenic moulds of sweet potato tubers and biological
control perspectives. Annals of the University of Craiova. University of Craiova. Craiova. 21(57): 491-498.

CLARK C. A. & MOYER J. W. 1988. Compendium of Sweet Potato Diseases. APS Press, The American
Phytopathological Society. St. Paul. Minnesota. USA. 74 pp.

CUEVA-YESQUEN L. G., GOULART MARCELA CRISTINA, ATTILI DE ANGELIS DERLENE, NOPPER
ALVES M., FANTINATTI-GARBOGGINI FABIANA. 2021. Multiple plant growth-promotion traits in
endophytic bacteria retrieved in the vegetative stage from passionflower. Frontiers in Plant Science. Frontiers
Media S.A. Switzerland. 11: 621740.

DINU S., SICUIA O.A., CONSTANTINESCU F., LAZUREANU C., OANCEA F. 2012. Efficacy of some bacterial
bioproducts against Sclerotium cepivorum. Scientific Papers. UASVM Bucharest, Series B Horticulture. 56:
81-88.

ELJOUNAIDI K., LEE S. K., BAE H. 2016. Bacterial endophytes as potential biocontrol agents of vascular wilt
diseases — Review and future prospects. Biological Control. Elsevier. 103: 62-68.

GALVEZ A., ABRIOUEL H., BENOMAR N., LUCAS R. 2010. Microbial antagonists to food-borne pathogens and
biocontrol. Current Opinion in Biotechnology. Elsevier. 21(2): 142-148.

KHALAF E. M. & RAIZADA M. N. 2018. Bacterial seed endophytes of domesticated cucurbits antagonize fungal and
oomycete pathogens including powdery mildew. Frontiers in Microbiology. Frontiers Media S.A. Switzerland.
9:42.

KOHL J., KOLNAAR R., RAVENSBERG W. J. 2019. Mode of action of microbial biological control agents against
plant diseases: Relevance beyond efficacy. Frontiers in Plant Science. Frontiers Media S.A. Switzerland. 10:
845. DOI: 10.3389/fpls.2019.00845 (accessed: March 20, 2022).

LOGAN N. A. & DE VOS P. 2009. Genus I. Bacillus Cohn 1872, 174AL. In: De Vos, P., Garrity, G.M., Jones, D.,
Krieg, N.R., Ludwig, W., Rainey, F.A., Schleifer, K.H. and Whitman, W.B., Eds., Bergey’s Manual of
Systematic Bacteriology, 2nd Edition. The Firmicutes. Springer. New York. 3: 21-128.

LOPEZ J. L., ALVAREZ FLORENCIA, PRINCIPE ANAL{A, SALAS MAR{A EUGENIA, LOZANO, M. J.,
DRAGHI, W. O., JOFRE E., LAGARES A. 2018. Isolation, taxonomic analysis, and phenotypic

73



Muzeul Olteniei Craiova. Oltenia. Studii i comunicari. Stiinfele Naturii. Tom. 38, No. 2/2022 ISSN 1454-6914

characterization of bacterial endophytes present in alfalfa (Medicago sativa) seeds. Journal of Biotechnology.
Elsevier. 267: 55-62.

MAHANTY TRISHNA, BHATTACHARIJEE S., GOSWAMI M., BHATTACHARY YA PURNITA, DAS B., GHOSH
A., TRIBEDI P. 2016. Biofertilizers: a potential approach for sustainable agriculture development.
Environmental Science and Pollution Research International. Springer. Germany. 24(4): 3315-3335.

MENGISTU A. A. 2020. Endophytes: Colonization, Behaviour, and Their Role in Defense Mechanism. International
Journal of Microbiology, 2020: 6927219. DOI: 10.1155/2020/6927219

MESA VICTORIA, NAVAZAS A., GONZALEZ-GIL R., GONZALEZ AIDA, WEYENS NELE, LAUGA
BEATRICE, GALLEGO J., SANCHEZ J., PELAEZ ANA ISABEL. 2017. Use of endophytic and rhizosphere
bacteria to improve phytoremediation of arsenic-contaminated industrial soils by autochthonous Betula
celtiberica. Applied and Environmental Microbiology. American Society for Microbiology. United States.
83(8): e03411-16.

RYAN R. P., GERMAINE KIERAN, FRANKS ASHLEY, RYAN D. J.,, DOWLING DAVID N. 2008. Bacterial
endophytes: recent developments and applications. FEMS Microbiology Letters. Elsevier. 278(1): 1-9.
SILVANI V. A., FRACCHIA S., FERNANDEZ L., PERGOLA M., GODEAS A. 2008. A simple method to obtain
endophytic microorganisms from field-collected roots. Soil Biology & Biochemistry. Elsevier. 40: 1259-1263.

DOI: 10.1016/j.s0ilbio.2007.11.022

TIAN B., ZHANG C., YE Y., WEN J., WU Y., WANG H., LI H., CAI S., CAI WEITING, CHENG ZHIQIANG, LEI
S., MA R, LU C.,, CAO Y., XU X., ZHANG K. 2017. Beneficial traits of bacterial endophytes belonging to
the core communities of the tomato root microbiome. Agriculture, Ecosystems & Environment. Elsevier. 247:
149-156.

VYAS PRATIBHA. 2018. Endophytic microorganisms as bio-inoculants for sustainable agriculture. In: Singh, J.,
Sharma, D., Kumar, G., Sharma, N. (Eds). Microbial Bioprospecting for Sustainable Development. Springer.
Singapore. DOI: 10.1007/978-981-13-0053-0 3 (accessed: February 10, 2022).

WEYENS N., VAN DER LELIE D., TAGHAVI S., NEWMAN L., VANGRONSVELD 1J. 2009. Exploiting plant-
microbe partnerships to improve biomass production and remediation. Trends in Biotechnology. Elsevier.
27(10): 591-598.

ZADRAVEC MANUELA, MARKOV KSENIJA, LESIC TINA, FRECE JADRANKA, PETROVIC DANIJELA,
PLEADIN JELKA. 2022. Biocontrol methods in avoidance and downsizing of mycotoxin contamination of
food crops. Processes. Multidisciplinary Digital Publishing Institute. 10: 655. DOI: 10.3390/pr10040655
(accessed: January 15, 2022).

Boiu-Sicuia Oana-Alina, Cornea Cilina Petruta
University of Agronomical Sciences and Veterinary Medicine of Bucharest, Faculty of Biotechnologies, 59 Marasti Blvd, Bucharest, Romania.
E-mails: sicuia_oana@yahoo.com; pccornea@yahoo.com

Boiu-Sicuia Oana-Alina
Research and Development Institute for Plant Protection, 8 Ton Ionescu de la Brad Blvd., Bucharest, Romania.
E-mail: sicuia_oana@yahoo.com

Diaconu Aurelia, Paraschiv Alina
Research-Development Station for Field Crops on Sandy Soils - Dabuleni,
217 Petre Banita str., Célarasi Village, PC 207220, Dolj County, Romania.

E-mails: aureliadiaconu@yahoo.com; alina22paraschiv@yahoo.com

Received: April 15,2022
Accepted: September 10, 2022

74




<<
  /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


