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ITEM — AGRO-FOOD MICROBIAL CULTURE COLLECTION:
THE IMPORTANCE OF TOXIGENIC FUNGI
IN THE FIGHT AGAINST MYCOTOXINS

ABSTRACT: Fungal culture collections are important to biologists, micro-
biologists, epidemiologists and others involved in health and natural sciences. The
improvement of techniques and methods for fungal isolation and preservation has
contributed to maintain large microbial collections, which represent a rich source
of biological sciences research, especially taxonomic, pathological and biodiver-
sity studies as well as industrial applications. The collection centers are responsible
for repository reference strains and for the maintenance of these microorganisms.
The ITEM Microbial Culture Collection of ISPA (Institute of Sciences and of Food
Production) includes more than 10,000 strains belonging to various agro-food mi-
croorganisms with phytopathological and toxicological significance. These micro-
organisms are mainly fungal pathogens belonging to toxigenic genera of Fusarium,
Aspergillus,Alternaria, and Penicillium. This collection is a remarkable resource in
the fight against mycotoxins: the increasing number of toxigenic fungi included in
this collection ensures an original genetic source for biotechnological applications
in several fields of research, contributing to knowledge improvement about fungal
biology and strategies development for reducing mycotoxin contamination.

KEYWORDS: Culture collection, ITEM, fungi, mycotoxin, biodiversity

INTRODUCTION

Microorganisms are essential components of biological diversity, fun-
damental elements which guarantee the existence of sustainable ecosystems
[Hawksworth 1991, 1992].

* Corresponding author e-mail: antonio.logrieco@ispa.cnr.it



Fifty percent of the living biomass on the planet is microbial [Center for
microbial ecology, 1995] and microorganisms provide an important source of
genetic information for molecular biology and biotechnology [Bull ez al., 1992].

The first report of a fungal culture collection on plant materials dated
back to 1718 by Micheli [1729]. However, only one century later, sterile tech-
niques started to be developed [Vittadini 1852]. The first independent center
to endeavor preserving and supplying a wide range of fungal cultures was the
Centraal bureau voor Schimmelcultures (CBS, Baarn, The Netherlands). Now
located in Utrecht, the CBS has been a depository for patent strains since 1955.

The role of the first microbial culture collections, apart for teaching and
pure research, was related to agriculture, brewing and medicine. In 1930, with
the discovery of penicillin, the importance of these collections strongly raised
together with the awareness that fungi are great sources of biological activities.
The industrial and biotechnological applications of fungi include brewing and
wine making, baking food processing, enzyme productions, antibiotics, organic
acid and vitamin production, genetic engineering, pesticides and insecticides
development [Smith ez al., 1983; Reed 1982; Onions et al., 1981; Korzybsky
etal., 1979].

The increasing number of culture collections worldwide, private or insti-
tutional, mirrors the need to preserve this wealth protecting the microbial
gene pool for biological researches, industrial applications and biodiversity
preservation.

Roles and maintenance of culture collections

Culture collections may be considered as living libraries of our natural
scientific heritage [Sly 1998]. The access to cultures of microorganisms is an
essential requirement for the management of microbiology and related disci-
plines.

The main roles of culture collections are:

— to supply strains for research, teaching and industry in a timely and cost
effective manner. In the case of pathogenic strains specific licenses may
be needed for holding a strain in a laboratory,

— to safeguard genetic resources as an insurance policy through holding
stocks in long-term storage for future needs,

— to make identifications and maintain type cultures for comparative
purposes,

— to store patent and industrial strains of microorganisms,

— in education and training,



— for biodiversity conservation: the number of fungal strains currently
maintained in collections throughout the world is more than 170,000,
representing approximately 7,000 species [Hawksworth and Kirsop 1988].

The increasing demand of culture collections for authenticated, reliable
biological material and associated information has paralleled the growth of
biotechnology. Worldwide recognition of the need to preserve the microbial
gene pool has highlighted the need for centers of expertise in culture isolation,
maintenance, identification and taxonomy. For this purpose, organizations such
as the World Federation for Culture Collection (WFCC) provided recommen-
dations for good practice in culture collections and standards of operation for
official guarantees acknowledgment.

Maintaining living microbial cultures requires specific conservation skills
and quality assurance to ensure genetic stability. The number of strains main-
tained by a single culture collection is limited by 1) the equipment needed to
guarantee an appropriate holding, 2) the representativeness of the strains, and
3) the specific aim of the collection.

The size and the methods for establishment and maintenance of a culture
collection are strongly dependent on the means of the laboratory, both in term
of space and economical resources. Nevertheless, whatever the size of the col-
lection is, it must be properly maintained.

Traditionally, the isolates are cultured on agar slants of suitable media
and then subcultured onto fresh slants at regular intervals. The subcultures are
stored in a refrigerator until required, or until the next scheduled subculturing.
This system, used for short term storage and routine procedures, has some
serious drawbacks:

* risk of contamination — incorrect manipulation or conservation may lead

to contamination of the culture,

* loss of viability — if subculturing is not carried out at the required inter-
vals and the cultures are inadequately stored, sensitive isolates may lose
viability and be irrecoverable,

* continued growth at chill temperatures — some organisms, such as Lis-
teria monocytogenes, are capable of slow growth at 0 °C or even less,

* labeling mistakes — subculturing a large number of agar slants many
times carries a significant risk of a culture being wrongly labeled,

+ genetic drift and mutation — every subculture carries potential genotypic
and phenotypic changes such as loss of virulence and resistance factors
or reduced motility.

These inconveniences can make serious problems in a laboratory, inducing
misleading results and loss of isolates. In order to avoid these drawbacks, The



American Type Culture Collection (ATCC) recommends that no more than five
passages (subcultures) should be made from the original type strain.

To overcome these problems, methods such as cryogenic storage and
freeze-drying are used for long term storage, which guarantee a backup of the
collection.

The cryogenic storage, usually with liquid nitrogen, is the most common
method used for long term storage of cultures. The suspensions of spores, pre-
pared in a cryoprotectant medium generally containing 10-15% glycerol, is
dispensed into suitable containers, which are then immersed in, or suspended
above, liquid nitrogen. If the isolate survives this process, the strain viability
is guaranteed for several years.

Another method for long term storage is the freeze-drying, also known as
lyophilisation. A thick suspension of spores is first prepared in a suitable sus-
pending medium, such as 10% skim milk or a specific lyophilisation buffer. This
suspension is then dispensed into small glass vials and frozen. Once frozen, they
are placed in the drying chamber of a freeze dryer and dried under vacuum for
2-24 hours to remove water in the frozen state. When drying is complete the vial
is sealed and then stored in the dark at 8 °C or less. Many bacterial and fungal
species will remain stable and viable for at least a year under these conditions
and in some cases cultures have been successfully revitalized many years later.

Due to the availability of innovations, in the trade and transportation as
well as in the communication, as well as a precise legislation that regulates this
exchange, the access to culture collections is easier, faster and less expensive
than in the past, thus enhancing the growth of a high quality biological material
and scientific services.

ITEM COLLECTION

Since 2002, the ITEM Microbial Culture Collection belongs to ISPA
(Institute of Sciences of Food Production, Bari, Italy, emerged from the Isti-
tutoTossine e Micotossine) and hosts about 10,000 microorganism, including
strains of different genera of noteworthy phytopathological and toxicological
importance such as Aspergillus, Alternaria, Fusarium, Penicillium, etc.

In 1998 ITEM joined the European Culture Collection Organization
(ECCO). The catalogue of the Collection was first published in 1997 and it is
available online at www.ispa.cnr.it/Collection. For each fungal strain the fol-
lowing information are given on the website: a) name of the species, authot/s,
ITEM accession number; b) geographical origin, substrate/host, isolation, year,
depositor, accession numbers of other Collections; c) biological, molecular,
chemical and toxicological information; d) specific references.
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The strains collected are related to the production of more than 100
bioactive metabolites with biologic interest (i.e. antibiotics, entomo-, phy-
to- and zoo-toxins). The strains are kept as single spore cultures, as fresh
cultures on agar, or cryoconserved in liquid nitrogen. The collection offers
services of safe deposit and preservation of cultures in the public collec-
tion, identification of fungal strains and selling service.

Importance of ITEM collection in the fight against mycotoxins

Mycotoxins [Bennett ef al., 2003] are secondary metabolites produced by
toxigenic fungi that contaminate food and feed chain in pre- and post-harvest
processes and represent a great concern worldwide both about the economic
implications and the health of consumers, whether direct or indirect. Mycotoxins
are responsible for many different toxic effects within a wide range of severity,
including the induction of cancer and intestinal, blood, kidney and nerve defects.

International trade in agricultural commodities such as wheat, rice, barley,
corn, sorghum, soybeans, groundnuts and oilseeds amounts to hundreds of mil-
lions of tonnes each year. Many of these commodities are subjected to a high
risk of mycotoxin contamination. The FAO estimated that each year between
25% and 50% of the world’s food crops are contaminated with mycotoxins
[FAO, 1988; Mannon and Johnson 1985].

Mycotoxin contamination is now one of the most insidious challenges to
overcome in food quality. The possibility of accessing the great biodiversity
represented in the ITEM collection is fundamental to deepen the knowledge
of toxigenic fungi.

The availability of a culture collection allows a wide range of research
applications:

+ Identification of toxigenic fungi and evaluation of mycotoxigenic risks,

+ Research on reproduction and biodiversity, phylogenetics and popula-

tion genetic studies,

* Development of new molecular probes to detect microbial contamina-

tion,

* Development of new diagnostic methods and biomarkers,

* Development of new methods to isolate, characterize and quantify

metabolites,

+ Development of detoxification strategies.

In recent years particular efforts have been made to analyze the etiology,
epidemiology and ecophysiology of toxigenic fungi and their ability to produce
and accumulate mycotoxin in pre- and post-harvest of the most important crops
and agro-food chain, especially in the Mediterranean area.
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The main commodities considered were cereals and cereal-based products,
grape and wine, fruits and vegetables, while the mycotoxins of most concern
from a food safety perspective include aflatoxins, ochratoxin, patulin, Alternaria
toxins, citrinin and toxins produced by Fusarium spp. [Desjardins and Proctor
2007], including fumonisins, trichothecenes (principally nivalenol, deoxyniva-
lenol, T-2 and HT-2 toxin) and zearalenone.

The results of multidisciplinary approaches have led to the biological,
molecular and toxigenic characterization of Fusarium species (ITEM collection
hosts more than 3700 Fusarium strains) mainly colonizing crops and showing
different mycotoxicological profiles and specific toxicological risks. Epidemio-
logical studies dealing with ochratoxin producing species showed that higher
occurrence of strains contaminating grapes and wine is related to the species
of Aspergillus section Nigri.

The success of these efforts is based on the correct isolation and collection
of the isolates. The proper maintenance of the ITEM culture collection and its
improvement is fundamental to achieving this goal.

Today, the ITEM collection is continuously growing in terms of strains
number and species included. ITEM collection represents a wealth for the
international research community. It provides an abundance of materials and
information available for research and promotes the increase of knowledge
about fungal biology, contributing to the development of strategies for reducing
mycotoxin contamination worldwide.
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ITEM — ITOJbOITPUBPE/JTHO-ITPEXPAMBEHA 35MPKA
MUKPOBUOJIOIIKNX KYJITYPA:
3HAYAJ TOKCUKOI'EHUX I'’JbBUBA Y BOPEU ITPOTHUB MUKOTOKCHUHA

Opanuecka ®anenu, AnToHno . Jlorpueko

Hayunu nacTHTYT 32 ipon3Bomy xpate (ISPA),
Harmmmonaman ucrpaxusadku caBeT (CNR)
Bua Amennoma 122, 70126 bapu, Utanuja

PE3NME: 36upke rsbMBUYHUX KyJITypa BaXKHE Cy 32 OHoJIore, MUKpOOHOJIOTe, eIH-
JIEMHOJIOTE M CBE JIPyTe KOjH ce OaBe 31paBCTBEHUM U IIPUPOJHAM HayKama. YHarpeheme
TEXHHKA 1 METOJIa 3a M30JIalljy W OUyBamke IJbUBHUIA JONPHHENO j& OfipKamy BEITHKHX
MUKPOOHHX 30MPKH, KOj€ TIPEICTaBIhajy OoraT H3BOP 3a HCTPAKHUBAHE Y OMOJIONIKAM Ha-
yKama, a II0CceOHO 3a IpoyyaBama y 00JacTHMa TAKCOHOMH] e, MTaTOJIOTHje U OHOAMBEP3H-
TeTa, Kao M 3a MHYCTPH]jCKy puMeHy. LIeHTpH y KojuMa ce 4yBajy Te 301pKe OJ[rOBOPHU
Cy 3a PEermo3uTOpHjyM pedepeHTHHX COojeBa Kao M 3a UyBambe OBMX MHMKPOOpraHH3ama.
ITEM — nossonpuBpeaHO-TIpexpamMOeHa 30upka MUKPOOHOIOMIKUX KynTypa MHCTHTYTA
Hayka npomsBoame xpane (ISPA - Institute of Sciences of Food Production) obyxBara
Bumre ox 10.000 cojeBa koju mpuNanajy pazmuduTAM HOJEOTPHBPEIHO-TIPEXpaMOCHIM
MHUKPOOPTraHM3MUMa KOjH Cy Ol (PMTOMATOIONIKOT M TOKCHKOJIOIIKOT 3Ha4aja. OBH MH-
KPOOPTraHU3MH Cy YIJIABHOM I'JbHBUYHU MATOTEHH KOJU NPUIAAajy TOKCUTCHUM POJOBH-
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Ma Fusarium, Aspergillus,Alternarian Penicillium. OBa KoJIeKIIHja je U3y3eTaH pecype y
60pOu MPOTHB MUKOTOKCHHA: cBe Behi OpP0j TOKCHKOT€HHX IJbHBa KOj€ Cy JIe0 OBE 301upKe
OCHUTI'ypaBa OpHTHHAJIaH FeHETCKH U3BOP 3a MPHMEHE Y OHOTEXHOJIOTH]H Y HEKOJIHKO 00-
JIACTH MCTPaKUBamka, TONpHHOCcehn Tako oborahnBamy 3Hama 0 OMOJIOTH)H TJBHBA Ka0 1
pa3Bojy cTparerrja 3a CMambemhe KOHTAMHUHAIN] e MUKOTOKCHHAMA.

KJbYYHE PEYU: 36upka kynrypa, ITEM, ribuBuiie, MUKOTOKCHH, OMONBEP3UTET
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THE EFFECT OF MICROBIAL INOCULA ON
THE GROWTH OF BLACK LOCUST, SIBERIAN
ELM AND SILVER MAPLE SEEDLINGS

ABSTRACT: Growth and development of forest plants depend mostly on the
soil microbial activity since no mineral or organic fertilizers are applied. Microbial
processes can be activated and conditions for plants development improved with
the introduction of selected microorganisms in the soil. With the aim of obtaining
quality planting material in a shorter period of time, the effects of Azotobacter
chroococcum and Streptomyces sp. on the early growth of black locust (Robinia
pseudoacacia), Siberian elm (Ulmus pumila) and silver-leaf maple (Acer dasycar-
pum) were investigated in this study. Microorganisms were applied individually
and in a mixture (1:1). Plant height was measured on the 90th, 120th and 180th
day after planting. Plant diameter, as well as the number of actinomycetes and
azotobacters was measured at the end of the vegetation period (180 days after
planting). Applied microorganisms had a positive effect on the seedling height in
all three plant species, with the best effect found in the black locust. Effectiveness
of applied microorganisms on seedling diameter was the highest in the silver-leaf
maple. The largest number of azotobacters was found in the rhizosphere of black
locust. Number of microorganisms from both groups was increased in the inocu-
lated variants.

KEYWORDS: black locust, Siberian elm, silver-leaf maple, Azotobacter
chroococcum, Streptomyces sp., seedling growth, microorganisms

* Corresponding author e-mail: mikrobiologija@polj.uns.ac.rs
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INTRODUCTION

One of the basic functions of soil microbial biomass is the decomposition
and transformation of organic materials, which are mostly derived from plant
residues. Soil microorganisms start decomposition of soil organic matter and
provide nutrients for plants [Barriuso and Solano 2008]. Rhizosphere micro-
organisms living near the root play a significant role in the plant nutrition. The
root exudates influence chemical and microbiological properties of soil [Innes
etal.,2004; Gottel et al., 2011]. Plant growth promoting microorganisms exert
a positive influence on the plants through different, direct and indirect, mecha-
nisms [Hayatsu et al., 2008]. As opposed to the agricultural crops to which
nutrients are supplemented through organic and mineral fertilizers, nutrition
of forest and ornamental woody plants mainly depends on the microbiological
activities [Li et al., 2004]. Therefore, plant growth and development may be
improved through activation of microbial processes. One of the ways to acti-
vate the microbial processes is via an introduction of effective microorganisms
(biofertilizers) in the soil. These microorganisms may be introduced in the soil
during pre-plant preparation of the soil, by application on the seed or root prior
to planting. Biofertilizers are widely used in the production of field, vegetable
and fruit crops for a considerable period of time, but are applied sporadically
in the production of forest woody plants.

The effects of Azotobacter and actinomycetes on the early growth of black
locust, Siberian elm and silver-leaf maple and the survival of introduced micro-
organisms in the rhizosphere of the selected plants were investigated with the
aim of obtaining quality planting material in a shorter period of time.

MATERIAL AND METHODS

The trial was conducted on the soil with the following chemical properties:
pH in H,0 7.8; pH in KCI 7.4; N 0.13%; CaCO, 4.55%; humus 3.1%; 18.4
mg PO, in 100 g of soil; 20.5 mg K O in 100 g of soil. Seeds of black locust
(Robinia pseudoacacia), Siberian elm (Ulmus pumila) and silver-leaf maple
(Acer dasycarpum) were taken from the collection of the Institute of Lowland
Forestry and Environment in Novi Sad, Serbia. Bacteria Azotobacter chroococ-
cum and actinomycete Streptomyces sp. were used for inoculation (both from
the collection of the Faculty of Agriculture in Novi Sad, Serbia). Azotobacter
chroococcum was grown in a mannitol medium (Hi Media Laboratories Pvt.
Limited Mumbai, India), and actinomycetes in a synthetic agar (Hi Media Labo-
ratories Pvt. Limited Mumbai, India). Microorganisms were applied individu-
ally and in a mixture (1:1). On 50 seeds of investigated plant species 50 ml of
grown culture medium, cell density 10® cells in 1 ml, was applied, i.e. 50 ml of
inoculum was added next to the seedling. Inoculation was performed in three
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ways: in the first group of plants microorganisms were applied immediately
before planting; in the second group of plants microorganisms were added next
to the root 30 days after planting; in the third group of plants microorganisms
were applied to seeds before planting, and next to the root 30 days after; in
the fourth group of plants microorganisms were not applied (control group).
Planting was carried out at the beginning of May. Plant height was measured
three times during the vegetation period (90, 120 and 180 days after planting).
Plant diameter was measured at the end of the vegetation period (180 days after
planting). The number of azotobacters and actinomycetes in the rhizosphere
soil was determined at the end of the vegetation period with the method of agar
plates [Benson 2002]. For this purpose the same nutrient media as for inoculum
multiplication were used.

Statistical analysis of variance was performed (Fisher LSD) using STA-
TISTICA 12,0 software (Hamburg, Germany).

RESULTS AND DISCUSSION

Mineral fertilizers and appropriate plant protection measures are used in
the production of the woody plants seedlings. However, it is often forgotten that
microorganisms also provide the plant with large quantities of nutrients. The
use of mineral fertilizers may be reduced to minimum or completely omitted
through activation of microbial processes in the soil [Higa and Parr 1994]. In
this study, microorganisms were used with the aim to improve early growth
and development of plants by applying nitrogen fixing bacterium (Azotobacter
chroococcum) and actinobacterium promoting mineralization of soil organic
matter (Streptomyces sp.). Applied microorganisms had a positive effect on
the seedling height in all three plant species, with the best effect found in the
black locust (Table 1). Effectiveness of inoculation on seedling diameter was
the highest in the silver-leaf maple (Table 2).

Table 1. The effect of inoculation on the height of seedlings

Height of plant(cm) Height of plant(cm) Height of plant(cm)
Vari- Black locust Silver maple Siberian elm
Inoculated - - 5
ants Days after seeding Days after seeding Days after seeding
90 | 120 | 180 |*avg.| 90 | 120 | 180 |*avg.| 90 | 120 | 180 | *avg.
1. | Seed 124.7]166.4 | 186.1 | 159.1| 60.6 | 77.1 | 86.0 | 74.6 | 96.4 | 129.4 | 142.6 [ 122.8
Root 114.6|163.5|184.2 | 154.1| 52.0 | 71.0 | 82.0 | 68.3 | 94.5 | 122.9|138.5|118.6
Seed and root | 128.8|176.3 | 191.5]165.5| 53.2 | 73.4 | 88.4 | 71.7 | 92.6 |133.5]|143.3|123.1
2. | Seed 118.6 [ 153.6 | 176.4 | 149.5| 35.1 | 57.5 | 68.4 | 53.7 | 92.0 | 123.4|136.3 [117.2
Root 117.8|161.5(177.2152.2| 28.0 | 42.2 | 52.2 | 40.8 | 94.2 | 129.1 | 142.1|121.8
Seed and root | 1244|1582 | 178.6 | 153.7| 59.6 | 76.3 | 83.5 | 73.1 | 90.6 | 111.9]136.8 | 113.1
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3. | Seed 126.4|168.2 | 187.9160.8 | 55.5 | 85.4 | 90.7 | 77.2 | 95.2 | 133.6 | 145.0| 124.6
Root 125.5(165.1{186.9|159.2| 51.0 | 72.5 | 84.0 | 69.2 | 97.0 {126.1|139.6|119.9
Seed and root | 126.3 | 164.8 | 186.6|159.2| 44.3 | 70.3 | 85.0 | 66.5 | 93.5 | 116.9 [139.3 | 116.6

4. | Control 99.1|116.9]149.8 [ 121.9| 17.7 | 32.0 | 40.5 | 30.1 | 88.6 | 111.4|134.1|111.4
A 13.30 [ 26.08 | 25.82 36.38139.65|48.75 7.07 |16.33|8.11
B 55.411106.6 | 76.99 76.00193.38 | 96.96 13.45(34.48 | 14.70
AXB 11.63 | 17.54 | 11.58 34.70133.5330.42 4.24 123.21]10.89

Note: 1. Azotobacter chroococcum, 2. Streptomyces sp., 3. Azotobacter chroococcum + Streptomyces
sp., 4. control
LSD,, test: Variants - treatment A, Inoculation - treatment B; *avg. - average values

Table 2. The effect of inoculation on the diameter of plants 180 days after sowing

Diameter of plants (mm)
Variants Inoculated
Black locust Siberian elm Silver maple
Seed 10.0 7.70 8.20
1. Root 10.6 11.6 11.0
Seed and root 11.9 8.80 6.80
Seed 12.4 9.40 8.20
2 Root 11.9 10.2 5.30
Seed and root 12.2 9.80 8.40
Seed 10.1 9.50 8.00
3 Root 12.7 9.10 9.50
Seed and root 14.9 8.80 8.30
4. Without inoculation 9.80 8.10 4.50
A 0.41 0.11 0.36
B 0.61 0.41 0.79
AXB 0.39 0.32 0.53

Note: 1. Azotobacter chroococcum, 2. Streptomyces sp., 3. Azotobacter chroococcum + Streptomyces
sp., 4. control
LSD, , test: Variants - treatment A, Inoculation - treatment B

Method of inoculant application may influence its efficiency. In soybean
and other leguminous plants better efficiency is obtained by seed inoculation
[Redzepovic et al., 2007; Jarak et al., 2006] whereas in this study there were
no significant differences between methods of inoculation. The efficiency of
application of single or multi-strain inoculants depends on the type of microor-
ganisms applied and their interrelationships. In this study, application of Azoto-
bacter and multi-strain inoculation had the same effects on the seedling height.

Different effects of applied microorganisms are also due to the composition
of root exudates [Frostegard et al., 1993; Marschner et al., 2001]. Organic and
amino acids are predominant in the rhizosphere of beech, and hydrate carbons
in the rhizosphere of birch [Smith 1976]. Great differences in the composition
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of root exudates as well as in the composition of microbial communities were
found between birch on the one hand, and pine or fir tree on the other hand
[Priha et al., 1999].

In this study, azotobacters and streptomyces were less abundant than in the
rhizosphere of agricultural crops [Jarak et al., 2011] which is probably due to
the differences in the composition of root exudates [Nihorimbere et al., 2011].
In the control variants, the largest number of actinomycetes was found in the
rhizosphere of black locust, while lower but similar number was determined in
other two plant species (Table 3). In contrast, the number of azotobacters was
the lowest in the rhizosphere of Siberian elm, and the highest in the rhizosphere
of black locust. However, in the inoculated variants, the number of investi-
gated microorganisms increased as expected. A large quantity of live cells of
microorganisms was introduced via inoculation, and they adapted well due to
favourable conditions and increased in number. Likewise, a considerable amount
of easily-decomposed fractions of soil organic matter was left after a part of
introduced microorganisms was destroyed, thus favouring multiplication of
actinomycetes and azotobacters.

Table 3. The number of actinomycetes and azotobacters in rhizospheric soil

. Number of
4 o]
Variants Number of actinomycetes(10°g”) azotobacters(10°g")
Inoculated
Black Siberian Silver Black Siberian Silver
locust elm maple locust elm maple
1. Seed 26 50 17 39 20 36
Root 28 57 18 163 59 60
Seed and root 30 55 18 29 16 10
2. Seed 36 136 113 19 15 16
Root 43 63 33 45 34 37
Seed and root 30 60 23 53 11 30
3. Seed 25 163 93 29 16 84
Root 20 160 43 49 14 27
Seed and root 23 93 50 53 29 55
4, Without inoculation 26 46 17 15 3 7
A 28,71 193,71 106,42 108,36 50,51 89,58
LSD 5% B 498 95,86 114,80 128,70 47,93 31,02
AxB 12,81 94,22 86,76 122,44 47,11 75,86

Note: 1. Azotobacter chroococcum, 2. Streptomyces sp., 3. Azotobacter chroococcum + Strep-
tomyces sp., 4. control
LSD, , test: Variants - treatment A, Inoculation - treatment B

Microbial biomass also acts as a small but labile reservoir of nutrients
that contributes to maintaining long-term soil sustainability. The use of micro-
organisms in plant production has also been confirmed by many other research
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studies. Actinomycetes are known to be highly efficient mineralizers due to
their ability to degrade lignin, pectin and the most resistant compounds that
accumulate as components of humus [Seong et al., 2001]. Therefore, their use
in plant production can give positive results, as confirmed by this study. Bac-
teria from the genus Azotobacter exploit free nitrogen in/from the atmosphere
and increase nitrogen balance in the soil for 40—-60 kg ha™' per year [Rajace et
al., 2007]. For that reason, Azotobacter is used as inoculant in the production
of field and vegetable crops. With the application of Azofobacter in the maize
production, more uniform seed germination, yield higher by 3% and increased
soil microbiological activity are obtained. Therefore, the use of Azotobacter as
an alternative to nitrogen mineral fertilizers is warmly recommended [Hajnal
et al., 2005]. This study suggests that with the application of Azotobacter good
effects can be achieved in the production of woody plant seedlings.

CONCLUSION

This study has reported positive eftects of Azotobacter on the woody
plant seedlings. The best effect on the seedling height was found in the black
locust, and the poorest in the Siberian elm. Effectiveness of applied microor-
ganisms on seedling thickness (diameter) was the best in the silver-leaf maple.
Application of Azotobacter alone as well as combination of Azotobacter and
actinomycetes had the same effect on the seedling height, while application
of actinomycetes alone had poorer effect. In the control variants, the largest
number of actinomycetes was found in the rhizosphere of Siberian elm, while
the largest number of azotobacters was found in the rhizosphere of black locust.
Number of actinomycetes and azotobacters increased in the inoculated variants.
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YTULIA] MUKPOBHUX NHOKVYJIAHATA HA PACT CAIHNIIA
BAI'PEMA, CUBUPCKOI' BPECTA U CPEEPHOJIMCHOTI" JABOPA

Tumea Xajuan-Jadapu'", Mupjana Japak', Cumonnna Bypuh',
Hparana Cramenos', Caina Opnosuh?
! Vausepsurer y HoBom Cany, [TossonpuBpenan GakynTer,
Tpr Jocureja O6panosuha 8, 21000 Hosu Caxn, Cpouja
2 IHCTUTYT 3a HU3HjCKO IIIyMapCTBO,
Anrona Yexosa 13, 21000 Hosu Cax, Cpouja

PE3UME: V ucxpanu Ousbaka moceOHO Cy BaKHH pU30CHEPHU MUKPOOPTaHU3MH
KOJU JKMBE HEIOCPEIHO Y3 KOpeH. HTpoayKIMjoM 01adpaHnX BpcTa MUKpOOpraHu3ama
y 3eMJBHIITE MOTY CE€ aKTHBHPATH MHUKPOOHOJIONIKH TPOIECH U TaKO MOOOJBIIATH YC-
JIOBU 32 pa3Boj Omsbaka. C muubeM 100Hjara KBAJIMTETHOT Ca/IHOT MaTepHjana 3a Kpahe
BpeMe, y OBUM HCTpaKMBambIMa UCIIHTAH je YTHUIIAj IpuMeHe Azotobacter chroococcum
u Streptomyces sp. Ha IO9eTHH TIopacT 6arpema (Robinia pseudoacacia), cnbupckor ope-
cta (Ulmus pumila) u cpedpHOIUCHOT jaBopa (Acer dasycarpum). MEUKpOOPTraHU3MU CY
NpUMeeHH TojeuHadHo 1y cMemu (1:1). Bucuna Ousbaka mepena je 90, 120 u 180
JlaHa HakoH ceTBe. [IpeyHnk crabna Omsbaka, Opoj aKTHHOMHIIETA M a30ToOaKTepa Me-
peH je Ha kpajy Bererannonor nepuona (180 mana Hakon cerse). Edexar npumemennx
MHKpOOpraHM3aMa Ha BUCHHY CaJHHLA OO je O3UTHUBAH KOJI CBE TPU OMIbHE BPCTE IIPH
yeMmy Cy HajOoJbu pe3ynTaTtu yTBpleHn ko O6arpema, a HajcnaOuju Kox cuOmpckor Ope-
cra. EpexriBHOCT HHOKYNnaHaTa Ha IeOJbUHY CaJIHUIIA OHJIa je HajOOoJba KO/l CPeOPHOITHC-
HOT ] aBopa. Haunn I/IHOKyHaLII/Ije HHje UMao yTHUIlaja Ha nopacT cagHuua. Ha BHCHHY CaJl-
HUIIA MTOJ]jeIHAK YTHIIa] UMaJla je IPUMEeHa a30To0aKTepa n 3pYKeHa I/IHOKYJ'IaHI/I_]a Bpoj
a30T06aKTepa je 6mo Hajeehu y puzocdepu d6arpema. Ha BapujanTama rie je mpumemeHa
WHOKyIanwuja, 0poj obe rpyre MUKpooprann3aMa Ono je mosehas.

KJbYUHE PEYU: Garpem, cubupcku Opect, cpeOpHOIHMCHU jaBop, Azotobacter
chroococcum, Streptomyces sp., pacT CagHULA, MUKPOOPTaHU3MH
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WATER QUALITY ASSESSMENT OF THE DTD
CANAL SYSTEM BY DIATOM INDICES

ABSTRACT: The main objective of this paper is to evaluate the water quality
based on diatom indices in the study area of the Danube—Tisa—Danube (DTD) canal
system. We used four diatom indices: Watanabe’s index (DAIpo), biological diatom
index (BDI or IBD), the trophic diatom index (TDI) and index of pollution sensitiv-
ity (IPS). Benthic samples were collected in the spring and autumn 2002 and 2003
from nine sampling sites. The standard method with concentrated sulfuric acid was
used for treatment of the algological samples [Krammer and Lange-Bertalot 1986]
and then permanent slides of diatoms were made. The abundance was estimated by
counting 400 valves of each taxa present on slide [Round 1991, 1993]. Investiga-
tion of the DTD canal system resulted in description of 145 diatom taxa. Based on
the indicator values of identified taxa we calculated four diatom indices (DAIpo,
BDI, TDI and IPS) and estimated water quality in the study area of the DTD canal
system.

KEYWORDS: diatom indices, diatoms, DTD canal system, water quality

INTRODUCTION

Assessment of the human impact on aquatic organisms has been carried
out for more than a century and the first studies assessing the effect of pollution
on freshwater diatom communities appeared approximately 60 years ago. After
these first approaches, benthic diatoms in rivers became obligatory bioindicators
in several European and American countries in the late 1990s [Rimet 2012].

The Water Framework Directive (2000/60/EC), established in December
2000 by the European Commission, requires the monitoring and classifica-
tion of all surface and ground waters physically, chemically and biologically

* Corresponding author e-mail: olga.jakovljevic@bio.bg.ac.rs
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[Zelazowski et al., 2004]. The best way to express the relationship between
diatom indicator species and water quality in rivers and streams are diatom
indices. Indices are simple arithmetic expressions that are based on some form
of counting species.

The study of algae in the Danube—Tisa canal started in the 1960s [Szabados
1966]. During 1980s and 1990s, the authors studied the plankton composition
and saprobiological characteristics of the DTD canal system [Pujin et al., 1986;
Obuskovi¢ 1989, 1991, 1992; Koj¢i¢ et al., 1995; Pujin 1998]. Then follows a
series of papers about the seasonal dynamics of phytoplankton and ecological
potential of diatoms in the DTD canal system [Nemes 2009; Nemes and Mata-
vuly 2004, 2005a,b, 2006; Nemes and Matavulj 2007a,b; Nemes et al. 2003,
2004, 2005, 2006a,b, 2007a,b, 2008].

MATERIALS AND METHODS

Algological samples were collected in the spring and autumn 2002 and
2003 from nine sampling sites (Fig. 1)
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Fig. 1. Distribution of sampling sites along the DTD canal system

Benthic samples were collected depending on the type of substrate. As a
fixative and preservative 4% solution of formaldehyde was used. The standard
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method with concentrated sulfuric acid was used for treatment of the algological
samples [Krammer and Lange-Bertalot 1986] which were then mounted in a
synthetic medium Naphrax®. Microscopic examination of the permanent slides
was done using the light microscope Zeiss Axiolmager M1 with digital camera
AxioCam MRc5 and AxioVision 4.8 software.

The relative abundance of taxa within the diatom community in the samples
was determined by the valve percentage representation of each taxon relative
to 400 numbered valve at every permanent slide [Round 1991, 1993]. Accord-
ing to the indicator values of identified taxa, we calculated four diatom indices
(DAIpo, BDI, TDI and IPS) and estimated water quality in the study area of
the DTD canal system.

Watanabe and his co-workers in Japan devised DAIpo index in relation to
organic pollution of river waters [Watanabe et al., 1988]. Classification of water
based on this index is as follows: DAIpo < 50 - polysaprobic water; 50-70 -
a-mesosaprobic water; 70—85 - B-mesosaprobic water; 85-100 - oligosaprobic
water.

At BDI, species profiles were calculated according to the presence prob-
ability values of the species along the seven water quality classes [Coste et al.,
2009]. Classification of water based on this index is as follows: 1-4 - poor water
quality; 5-8 - low water quality; 9-12 - moderate water quality; 13—-16 - good
water quality; 17-20 - very good water quality.

Concern over the increasing influx of nutrients into rivers of Europe initi-
ated the creation of the TDI [Kelly and Whitton 1995]. Classification of water
based on this index is as follows: 0-19.99 - very low nutrient concentration;
20-39.99 - low nutrient concentration; 40—59.99 - intermediate concentrations
of nutrients; 60—-79.99 - high concentrations of nutrients; 80-100 - very high
concentrations of nutrients.

IPS is related to organic pollution, ion concentration and eutrophication.
Class boundaries for the IPS were not set by the original authors, but generally
the classification of the related IBD is used [Nieuwenhuis et al., 2005].

RESULTS AND DISCUSSION

Diatoms community composition

The investigation of the algological samples from DTD canal system
resulted in description of 145 diatom taxa. They were divided into 3 classes, 4
subclasses, 11 orders, 21 families and 39 genera.

The most common were the representatives of the Bacillariophyceae class
with 116 taxa (80.00%), then Fragilariophyceae class (22 taxa, 15.17%) and
finally Coscinodiscophyceae class (7 taxa, 4.82%). Bacillariophycideae sub-
class had the highest number of taxa (116 taxa, 80.00%), while the lowest num-

25



ber of taxa was recorded in the Coscinodisophycideae subclass (2 taxa, 1.37%).
As for the orders, the most common were the representatives of the Naviculales
order with 39 taxa (26.89%), and then the representatives of the Cymbellales
order with 30 taxa (20.68%). The lowest number of taxa was recorded in
Aulacoseirales and Coscinodiscales orders (1 taxon, 0.68%). Fragilariaceae
was the most species-rich family (22 taxa, 15.17%), then Bacillariaceae (21
taxa, 14.48%), and Naviculaceae (20 taxa, 13.79%). Navicula was the most
species-rich genus (19 taxa, 13.10%), then Fragilaria (16 taxa, 11.03%) and
Nitzschia (12 taxa, 8.27%).

Cyclotella meneghiniana Kiitzing (Fig. 2, d) and Stephanodiscus hantzschii
Grunow (Fig. 2, e) were the taxa that occur at all investigated sites of the DTD
canal system, and in all samples. Cocconeis placentula var. lineata (Ehr.) van
Heurck (Fig. 2, b) and Fragilaria biceps (Kiitz.) Lange-Bertalot (Fig. 2, a) were
taxa that occur at most of the studied sites of the DTD canal system. Aulacoseira
granulata (Ehr.) Simonsen (Fig. 2, ¢), C. meneghiniana and S. hantzschii were
the most dominant taxa.

Fig. 2. LM micrographs. a) Fragialria biceps; b) Cocconeis placentula var. lineata;
¢) Aulacoseira granulata; d) Cyclotella meneghiniana, e) Stephanodiscus hantzschii.
Scale bar = 10 pum.

In most samples the proportion of planktonic centric diatoms was high.
This is not surprising considering the flow rate of the DTD canal system water.
Acs et al. [2003] had reported similar results in the Danube River. In previ-
ous studies, C. meneghiniana was also the dominant species in the DTD canal
system [Nemes ef al., 2005a,b, 2006a,b]. Also, Cyclotella and Stephanodiscus
species (usually abundant in lowland, eutrophic conditions) were found in
high numbers in benthic diatom films from some rivers in England. 32% of the
benthic diatom film from the River Wear was composed of Cyclotella because
of the long period of low flows [Kelly 1998].

26



Water quality assessment using diatom indices

Four diatom indices for the 16 samples were calculated on the basis of the
determined diatom flora at 9 sampling sites (Fig. 3).
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Fig. 3. Diatom indices values at the sampling sites of the DTD canal system

According to the results obtained by calculating diatom indices, it was
evident that the DTD canal system water was of moderate quality at most sam-
pling sites. It belongs to the group of a-mesosaprobic water with intermediate
nutrient concentrations. Previous studies show similar results [Obuskovi¢ 1991,
1992; Nemes et al., 2006a,b, 2007a,b]. At most sites there was an improvement
of water quality in 2003 comparing to 2002, which can be concluded from the
results of all four diatom indices. From two sites (Ba¢ and Backi Petrovac)
sampling was performed only in 2002, so we could not determine the trend of
water quality at these sites.

According to the DAIpo values that were in the range of 31.66 to 79.48,
water quality of the DTD canal system was in the range of the polysaprobic
to the B-mesosaprobic water depending on the locality, year of sampling and
sampling period of the year (Fig. 3).

Since water can be characterized as -mesosaprobic water at only two
sites (Vrbas I and Mali Stapar), water of the DTD canal system during the
spring and autumn 2002 and 2003 can be characterized as transitive between
a-mesosaprobic and polysaprobic water. DAIpo values were probably affected
by many water-quality factors. High nitrite and phosphate concentrations and
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low dissolved oxygen have been suggested to reduce those values, unlike the
high electric conductivity and nitrate concentrations [Uchikoshi ez al., 2008].
The best water quality in relation to organic pollution was determined at Mali
Stapar sampling site and the worst at Novo MiloSevo, which can probably be
attributed to the effect of the settlement wastewater.

According to the TDI values, we can conclude that the water of the DTD
canal system was characterized by low, intermediate and high nutrient con-
centrations at different sampling sites, depending on the year of sampling and
season of the year (Fig. 3). However, the index values for the majority of sites
were in the range of 40.22 to 56.61, which means that intermediate concentra-
tions of nutrients in the water of the DTD canal system were present. The largest
change in nutrient concentrations occurred at Backo Gradiste site (from low to
very high concentration of nutrients in only 5 months time). In Serbia, water
quality of the NiSava River was assessed according to the TDI. The results
showed that most of the sites on the Nisava River in investigated period had
eutrophic character of water (high value of TDI) [Andreji¢ 2012].

As for the TDI, water quality was found different considering various
sampling sites. Very high TDI values were recorded at one site (Backo Gradiste,
February, 2003), which indicates high degree of eutrophication. Low values
were recorded at two sites (Mali Stapar, 2003 and Backo Gradiste, 2002).
Similar to this study, when considering the TDI, some sampling sites of Upper
Porsuk Creek (Turkey) were under eutrophication threat while others were
eutrophic, very polluted [Solak 2011]. Juttner ez al. [2003] found the TDI to be
significantly correlated with orthophosphate concentrations when %PTV (%
of motile algae) values were < 20% [Bellinger et al., 2006]. Since in all cases
%PTV were < 20% it could be concluded that the organic pollution had very
little impact on water eutrophication. TDI showed no significant correlation
with percentages of “eutrophic” species. This may occur because of various
factors affecting diatom composition. Some of these are not related directly to
water quality (e.g. current speed, grazing) [Eassa 2012].

Values obtained by calculating the BDI clearly indicated the moderate
quality of the DTD canal system water. Calculating the index for 14 samples
(out of 16) from seven sites (out of 9), the values obtained were in the range
of 9.41 to 12.15 indicating the moderate water quality (Fig. 3). Calculating the
index for the other two samples from two different sites (Vrbas I, 2003 and
Sombor, 2003) the values obtained indicated good water quality. Vrbas I site
was characterized by good water quality calculating BDI and DAIpo indices.
Values obtained by calculating the IPS are very similar with values obtained
by BDI (Fig. 3).

According to the research conducted in the Pilica River (Poland), the BDI
shows great similarity to the IPS [Szulc and Szulc 2013]. In our study, the situ-
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ation was the same. It was expected, as both studied were based on the same
Zelinka and Marvan formula. Also, according to the other research conducted
in the same river, both indices significantly positively correlated with COD-CR
and conductivity, while negatively correlated with total nitrogen, total phos-
phorus and phosphates [Szulc 2009]. Similar correlations have been observed
in French rivers [Coste et al., 2009].

CONCLUSION

The main objective of this paper was to evaluate the water quality in the
study area of the DTD canal system based on four diatom indices (DAIpo, BDI,
TDI and IPS).

The abundance was estimated by counting 400 valves of each taxa present
on slide (Round, 1991, 1993). The investigation of the algological samples from
the DTD canal system resulted in description of 145 diatom taxa. They were
divided into 3 classes, 4 subclasses, 11 orders, 21 family and 39 genera. The
most common were the representatives of the Bacillariophyceae class with 116
taxa (80%). Bacillariophycideae subclass had the highest number of taxa (116
taxa, 80%). As for the orders, the most common were representatives of the
Naviculales order, with 39 taxa (26.89%). Fragilariacea was the most species-
rich family (22 taxa, 15.17%). Navicula was the most species-rich genus (19
taxa, 13.10%).

Cyclotella meneghiniana and Stephanodiscus hantzschii were the taxa that
occur at all investigated sites of the DTD canal system, and in all samples. A.
granulata, C. meneghiniana and S. hantzschii were the most dominant taxa.

According to the results obtained by calculating diatom indices, the water
quality of the DTD canal system at most sites was moderate, belonging to the
group of a-mesosaprobic water with intermediate nutrient concentrations.
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TTPOIIEHA KBAJINTETA BOJIE KAHAJICKE MPEXE
JITJ HA OCHOBY JIMJATOMHUX MHJIEKCA

Ovtra C. JakossbeBuh, Jenena XK. Kpusmanuh, Mupko B. I{Bujan

Yuusep3uret y beorpany, bronomku ¢axynrer,
Takoscka 43, 11000 beorpan, Cpouja

PE3MME: I'naBH# 111Jb OBOT pajia je MpoIlicHa KBAJIUTETA BOJIC HA OCHOBY JIMjaTOMHUX
WHJIEKCa Y UCTTUTHBAHOM Jiety KaHaincke Mpexe I T/1. Kopuctuinu cmo yetupu aujaromua
nanekca: DAIpo, BDI, TDI T IPS. Y3opiwm OeHTOCa Cy CaKyIIJbeHH Ca ICBET JIOKAINTETA Y
mposnehe u jecer 2002. u 2003. ronuHe. ANTOIONIKH Y30PIH CY TPETUPAHU CTAHIapIHIM
71a060paTOPUjCKUM TOCTYTIKOM Ca KOHIIEHTPOBAHOM CyMITOpHOM KucennHoM [Krammer
and Lange-Bertalot 1986], a moTom cy HamnpaBsbeHH TpajHH mpenapart. bpojamem 400
BaJIBM 3a CBAaKH Y30paK MPOLCHCHO je YKymHO OorarcTBo Bpcta [Round 1991, 1993].
UctpaxkuBamem kanaicke mpexe [T/ yrBpheno je ykynHo 145 TakcoHa CHIMKAaTHHX
anryu. Ha 0cHOBY MHJIMKATOPCKUX BPEIHOCTH HACHTH(UKOBAHMX TaKCOHA M3pavdyHaTa je
BpenHocT yetupu aujatromHa mHAekca (DAIpo, BDI, TDI u IPS) u onpelen je kBanmuteT
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BOJIC Y MCITUTHBAHOM Jienty kaHajicke mpexe J{TJl. Pesynraru cy nokasanu na je Boaa Ka-
nasicke mpexxe JIT/] Ha BehuHM HCIMTHBAHUX JIOKAINTETA CPEbET KBAINTETA, 1a CIIaja
y rpymy anda-Me30canpoOHIX BOJIA H JIa je ca yMEPCHOM KOHIICHTPAIINjOM HyTpHjeHaTa.

KJbYUHE PEYU: nmjaToMHM WHICKCH, CHIIMKaTHE anre, kaHaicka mpexka T/,
KBaJIUTET BOJIE
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MICROCYSTIN CONCENTRATION
IN FISHPOND WATERS

ABSTRACT: Cyanobacterial blooming is a worldwide problem which some-
times results in cyanotoxin production. Most commonly produced cyanotoxins are
microcystins (MCs), potent inhibitors of protein phosphatases. Protein phosphatase
1 (PP1) is known to be involved in the regulation of a variety of cellular processes.
In this study, MC concentration was assessed via inhibition of protein phosphatase
1 (PP1 assay) in water samples taken from 14 lakes of Muzlja fishpond, Vojvo-
dina, Serbia. During the summer of 2011, cyanobacterial growth occured in the
fishpond lakes and small, planktonic crustacean Daphnia sp. was used to control
or/and prevent further development of cyanobacteria. Different MC concentrations
(calculated as microcystin-LR equivalents) were detected, mostly depending on the
occurrence and grazing of Daphnia sp. More thorough monitoring of fishponds
should be conducted, both in Serbia and around the world, in order to gain more
precise estimation of cyanotoxin concentrations and their accumulation in organ-
isms used for human consumption and thus prevent possible negative health effects.

KEYWORDS: Daphnia, fishpond, Serbia, cyanobacteria, microcystin (MC)

INTRODUCTION

Cyanobacteria are a ubiquitous group of prokaryotes which produce a large
number and variety of bioactive substances. These substances have a diverse
range of biological activities and chemical structures, and can affect many
biochemical processes within cells [Smith and Doan 1999; Singh et al., 2005].
Cyanobacterial blooms can occur as a result of increasing eutrophication of
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water bodies [Pearl et al., 2005], during which cyanotoxins could be produced
and released into water.

Some of the most common cyanotoxins in fresh waters are microcystins
(MCs), cyclic heptapeptides which comprise a diverse group containing around
90 structurally similar congeners [Pearson et al., 2010]. These hepatotoxins are
potent inhibitors of protein serine/threonine phosphatases (types 1 and 2A) in
eukaryotic organisms [Runnegar et al., 1995]. Protein phosphatase 1 (PP1) is
known to be involved in the regulation of a variety of cellular processes, such
as cell division, glycogen metabolism, muscle contractility, protein synthesis,
and HIV-1 viral transcription.

Cyanobacterial toxins and other secondary metabolites produced by cyano-
bacteria during blooming in fishponds present a potential health threat to aquatic
life, and consequently, humans. The aim of this paper was to assess MC con-
centration in water samples from Muzlja fishpond in Serbia using PP1 assay.

MATERIALS AND METHODS

Water samples were collected from 14 different lakes (Maja, Veliko Klosi,
Joca, Novo Misino, Beba, Daphnia, Malo Klosi, Misa, Magda, Veliko lake, Lake
2, 3, 4 and 7) of Muzlja fishpond located in Vojvodina (Serbia) during 2011.
Lakes were grouped as lakes of early introduction (Maja lake, Veliko Klosi lake,
Joca lake, Novo Misino lake, Lake 3 and 4), lakes of late introduction (Beba
lake, Daphnia lake, Malo Klosi lake and Misa lake), and control lakes (Magda
lake, Veliko lake, Lake 2 and 7). Early and/or late introduction reffers to the time
of Daphnia introduction into the lakes: early - before cyanobacterial blooms,
and late - during or after cyanobacterial blooms. In control lakes, there was no
introduction of daphnids. To compare the data, water samples were collected
in shallow waters from piers or docks from the same sampling sites during
September and November, 2011. About 1 liter of sample water was collected in
plastic containers. The water samples were transferred to the laboratory within
6h from the sampling time.

In order to differentiate between potential intracellular and extracellular
content of cyanotoxin, 100 ml of water samples were filtrated and the extracel-
lular filtrate was stored at 4 °C until assay. Filters with cyanobacterial biomass
(intracellular filtrate) have been dried over night. The next day 75% methanol
has been used for extraction of cyanotoxins for 24 hours, then sonicated and
centrifuged. Supernatants were stored at 4 °C until assay.

Method applied by An and Carmichael [1994] was optimized [Simeunovi¢
2009] and used for MCs detection in water samples. This method is a colori-
metric assay of inhibition of the enzyme protein phosphatase 1 (PP1). MCs
inhibit PP1 enzyme activity and the detection of inhibition was performed by

36



measuring the inhibiting effect of MCs on the activity of the enzyme, or to be
more precise, separation of the phosphate groups of para-nitrophenylphosphate
substrate (pNPP). Measuring the resulting product para-nitrophenol pNP (yel-
low), it is possible to determine the level of activity, and consequently, the level
of enzyme inhibition from tested MCs and examined water samples. In the
wells of microtiter plates 10 pul of the enzyme was placed, and 10 pl of stand-
ard or sample were added. Pure toxin MC-LR (Sigma-Aldrich) was used as a
standard. After 5 min of preincubation, 180 pl of pNPP substrate was added.
Inhibiting effect of MC-LR standard in the samples (level of pNP production)
was measured after 2 hours of incubation at 37 + 1 °C, at a wavelength of 405
nm using photometer microplate reader (MULTISCAN EX Termo Labsystems).

Pure toxin MC-LR was used for formation of standard curve which was the
base for determination of MCs concentration (expressed as MC-LR equivalents)
in the tested water samples. Detection of MCs was performed in three repli-
cates and the results were expressed as mean values of three measurements.

RESULTS

Results of mean MC concentration in water samples from Muzlja fishpond
in Serbia obtained via PP1 assay are presented in Table 1.

Table 1. Results of mean MC concentration in water samples from MuZlja fishpond
in Serbia obtained via PP1 assay

MICROCYSTIN CONCENTRATION IN PP1 ASSAY
(MC-LR equiv. pg/L)
WATER SAMPLE September 13, 2011 November 17, 2011
intracellular extracellular intracellular extracellular
EI 10.783 7.283 8.05 6.066
LI 28.525 1.655 23.375 10.525
C 108.2 2.2 85.825 7.45

EI: Early introduction of Daphnia (before cyanobacterial blooming) in Maja lake, Veliko Klosi lake, Joca
lake, Novo Misino lake, Lake 3 and 4;

LI: Late introduction of Daphnia (during or after cyanobacterial blooming) in Beba lake, Daphnia lake,
Malo Klosi lake and Misa lake;

C: Control lakes — Magda lake, Veliko lake, Lake 2 and 7.

Mean MC concentrations in three groups of Muzlja lakes were higher in
September than in November, and intracellular toxicity was higher than extra-
cellular. Lowest mean extracellular MC concentration was recorded in late
introduction lakes, and the highest mean intracellular concentration in control
lakes during September (1.655 and 108.2 pg/L, respectively).

37



Concentrations of total MC, intracellular and extracellular, in all the lakes
of Muzlja fishpond during two investigated periods (September and November)
are presented in Figure 1.

MC in PP1 assay (MC-LR equiv. pg/L)

EI16,09 LI 32,04 C101,83

November

B September

O-_—_-_-_-l

EI: Early introduction of Daphnia (before cyanobacterial blooming)
LI: Late introduction of Daphnia (during or after cyanobacterial blooming)
C: Control lakes

Figure 1. Concentrations of total MC in all the lakes of MuZlja fishpond during September
and November of 2011.

Figure 1 also shows rising mean values of total MC (16.09 pg/L,
32.04 pg/L, 101.83 pg/L) in three groups of lakes (early introduction, late
introduction and control lakes) during both investigated periods. Lowest
concentrations were recorded in early introduction lakes (from 10-27.6 pg/L).
Higher values were detected in late introduction lakes (15-41.4 pg/L), and
the highest concentrations were found in control lakes (48.1-180.9 pg/L) in
September, 2011. In November of the same year the trend continued, with
lowest concentration detected in early introduction lake (Maja lake: 9.4
ug/L), and the highest in control lake (Veliko lake: 149.2 ng/L).

DISCUSSION

Intracellular and extracellular concentrations of MC in water samples col-
lected from the three groups of lakes of Muzlja fishpond during two investigated
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periods were detected using PP1 assay. During the summer all lakes bloomed
and the presence of MCs in water samples from both investigated periods was
confirmed.

Mean values of PP1 assay showed differences between intracellular and
extracellular concentrations. In September, intracellular concentrations of MC
were higher than in November. Also, it is obvious that in almost every sam-
ple group the detected intracellular concentrations were higher, which can be
explained with the fact that 50% to 95% of the cyanotoxins is intracellular
during the growth stage of the bloom [Chorus and Bertram 1999; Griffiths and
Saker 2003].

Furthermore, mean intracellular concentrations of MC in September and
November were ten times higher in control than in early introduction lakes. The
differences among the three groups of lakes were evident and the observed MC
concentrations dependend on the occurrence of Daphnia sp. in fishpond lakes.
To be more precise, in lakes where the introduction of daphnids was done before
cyanobacterial bloom, total MC concentration was the lowest (18.066 pg/L).
Detected total concentration of MC in lakes where introduction of daphnids
was realized during or after bloom was higher. The highest concentrations
were detected in control lakes (110.4 pg/L). A total of MC concentration, both
intracellular and extracellular, was the lowest in early introduction lake (Maja
lake), and the highest in control lake (Veliko lake) for both investigated
periods. Therefore, there is a noticeable impact of Daphnia species on MC
concentration in water samples from Muzlja lakes.

Our findings are in accordance with previous studies by Pogozhev and
Gerasimova [2001], where it was shown that Daphnia longispina can control
phytoplankton development and thus increase the transparency of blooming
water and recovery of highly-eutrophic water bodies. Furthermore, Mohamed
[2001] indicated that Daphnia feeds facultatively on toxic cyanobacteria under
the conditions of depletion of edible food. Accumulation of MCs in Daphnia
was also documented in the same study. These results should be taken into
consideration when primary consumers such as Daphnia are used in the bio-
manipulation of toxic phytoplankton [Mohamed 2001]. Studies have shown that
cyanobacteria have strong adverse effects on Daphnia and other zooplankton,
such as increased mortality, decreased growth rate, delayed maturation and
decreased offspring production [e.g. Lampert 1981; Hietala et al., 1995; de
Bernardi and Giussani 1990; Lotocka 2001; Deng et al., 2008]. However, there
is an evidence of behavioral adaptations of zooplankton which enhance their
ability to coexist with toxic cyanobacteria [DeMott et al., 1991]. Moreover,
in some cases the survival of daphnids was improved and size of the animals
augmented when continuously exposed to toxic cyanobacteria [ Gustafsson and
Hansson 2004]. A recent research has shown that high concentrations of MC
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do not prevent Daphnia from strongly suppressing phytoplankton biomass in
nature [Chislock et al., 2013].

Fish can get in contact with cyanobacteria and their toxins, which
may affect their growth, development, reproduction and survival. Some
exposure routes are: active introduction by oral consumption of prokary-
otic cells (especially in the case of phytoplanktivorous species) or other
organisms that have accumulated cyanotoxins (e.g. zooplankton) [Li et al.,
2004; Xie et al., 2004]; and passive entry, through direct contact with the
gill epithelium and the surrounding water containing toxins. However, it is
frequently a combination of both of these types [Malbrouck and Kestemont
2006]. Therefore, cyanobacterial cells and daphinds with accumulated
MC in fishponds can present a possible health risk for fish and the end
consumers — humans.

CONCLUSION

During the summer of 2011, cyanobacterial growth occured in the lakes
of Muzlja fishpond in Vojvodina, Serbia. Crustacean Daphnia sp. was used to
control or/and prevent further development of cyanobacteria in fishpond. PP1
assay was used to give valuable information about the MC concentration of
the sampled fishpond water. Depending on the occurrence of Daphnia sp. in
fishpond lakes, different concentrations of MCs were obtained. Highest values
were detected in control lakes and the lowest in lakes where introduction of
daphnids was done before blooming. These results indicate the significance of
timely introduction of phytoplankton grazing organisms, such as daphids, as a
possible method for mitigation of blooming effects on aquatic life. More thor-
ough monitoring of fishponds should be conducted, both in Serbia and around
the world, in order to gain more precise estimation of cyanotoxin concentrations
and their accumulation in organisms used for human consumption and thus
prevent possible negative health effects.
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KOHUEHTPAIIMJE MUKPOLIMCTUHA Y BOAN PUBIHLAKA

Hana J. Toxonu, Jlamjana b. JIpo6an, Jenuna b. Cumeynosuh, 3opuna b. CBupucs

Yausepsuret y HoBom Cany, [IpuponHo-mMaremMaTndku hakymiTer,
JemapTMaH 3a OHOIOTH]y U EKOJIOTH]Y,
Tpr docuteja Obpamosuha 2, 21000 Hosu Can, Cpouja

PE3VME: LiBerame mujanobakTeprja CBETCKH je TPOOIEM KOjU TIOHEKaa pe3yil-
THpa CTBapameM IHjaHOTOKCHHA. OJ IHMjaHOTOKCHHA Hajuemmhu Cy MHUKPOICTHHH
(ML), cHaxkuu uHXHOUTOPH IpotenH (ocdarase. [Toznaro je aa je nmporenH docdara-
3a 1 (TII11) ykibydeHa y perynanujy pa3auuutux henujckux mporeca. Y 0BOj CTYIUjH,
koHneHTpanuja MI] npouemena je mpeko mHxuOunuje nporenH Qocdaraze 1 (T1I11
TecT) y yzopunma ca 14 jesepa puOmaka Myxiba y Bojsonunu. Tokom nera 2011. ro-
JIMHE, TOTOIMO CE PAcT IUjaHOOaKTepHja y je3eprMa puOmaka, U MalIH IUIAaHKTOHCKH
paunthu Daphnia sp. uckopuimheHn cy Aa OW ce KOHTPOJINCA0 /WM CIPEYHO NaJbH
pa3Boj nujaHoOakTepuja. YTBpleHe cy pasnnunte KoHieHTpanuje ML (u3padyHare Kao
MHUKpOLMCTHH-LR ekBuBalleHTH), yIIIaBHOM y 3aBUCHOCTH O/] 1I0jaBe U ucnaiie Daphnia
sp. Tpebao 6u ce cpoBecTn nojaanM HAI30p pUOHaKa, Kako y CpOuju Tako U UIHPOM
cBeTa, 1a Ou ce noduie npeumﬂnje IIpoleHe KOHIIEHTpaLuje III/I_]aHOTOKCI/IHa U BbUXOBOT
HAaroMuiaBamba y OpraHn3MHUMa KOjH ce KOPHUCTE 3a HCXPaHy JbYIH, M Ha Taj HAYWH CIIpe-
Y9I MOTYyhn HeTaTUBHU e(heKTH.

KJbYUHE PEYU: Daphnia, pubmak, Cpouja, riujaHodakTeprja, MUKporpcTiH (ML)
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PASTURE VEGETATION NEAR THE VILLAGE OF IDOS

ABSTRACT: A pasture on the solonchakic solonetz soil in the vicinity of the
village of Ido$ (Banat, Serbia) was found to harbor 137 plant taxa (129 species,
7 subspecies and 1 variety). The plant cover they formed was specific from the
ecological, phytogeographical and phytocoenological points of view. The specific
ecological feature of the surveyed plant cover was that 47 or 34.31% of the recorded
taxa were rated with the ecological index S, due to their ability to grow in saline
soil. The specific phytogeographical feature of the surveyed plant cover was the
presence of two Pannonian endemics, Plantago schwarzenbergiana Schur and Stat-
ice gmelini subsp. hungaricum (Klokov) So6, and two subendemics, Puccinellia
limosa Holmb. and Roripa kerneri Menyh. The specific phytocoenological feature
of the surveyed plant cover was the presence of two phytocoenoses from the class
Phragmitetea Tx. et Prsg. 1942 (ass. Scirpo-Phragmitetum medioeuropaeum and
ass. Bolboschoenetum maritimi continentale), one phytocoenose from the class Mo-
linio-Arrhenatheretea Tx.1937 p.p., Br.-Bl. et Tx. 1943 p.p. (ass. Trifolio-Lolietum
perennis) and ten phytocoenoses from the class Festuco-Puccinellietea So6 1968
(ass. Puccinellietum limosae, ass. Pholiuro-Plantaginetum tenuiflorae, ass. Hordee-
tum histricis, ass. Agrostio-Alopecuretum pratensis, ass. Agrostio-Beckmannietum,
ass. Halo-Agropyretum repentis, ass. Poeto-Alopecuretum pratensis halophyticum,
ass. Artemisio-Festucetum pseudovinae, ass. Trifolio-Festucetum pseudovinae and
ass. Achilleo-Festucetum pseudovinae). The presence of 34.31% of taxa rated with
the ecological index S, the presence of two Pannonian and two sub-Pannonian
floristic elements and the predominance of stands from the class Festuco-Puccinel-
lietea S06 1968 led us to conclusion that the pasture near the village of Idos (Banat,
Serbia) is a part of the halobiome of the Pannonian Plain.

KEYWORDS: flora, halobiome, Ido$ (Banat - Serbia), pasture, vegetation
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INTRODUCTION

Idos is a village in the region of Banat, Serbia (Fig. 1). It was built at the
edge of the alluvial plain formed in the lower course of the Zlatica River, on a
small elevation of the chernozem soil on sandy loess. The location is surrounded
by the saline and alkalized hydromorphic smonitza soil from the north and
northwest, the hydromorphic smonitza soil from the west and south, and the
calcareous black meadow soil on the loess terrace from the east.

A characteristic feature of the area around the village, i.e. of the alluvial
plain of the Zlatica River, is the presence of large expanses of saline soils.
These soils had become saline as the result of the alluvial type of salinization
that occurred due to surface flooding by waters from Carpathian basin. How-
ever, flood waters pressure on the alluvial plain of the Zlatica River gradually
decreased, as a consequence of the melioration of the Moris$ River, subsequent
melioration of the Zlatica River, and the construction of Kikinda canal with a
network of smaller drainage canals attached to it. This explains why the saline
areas in the alluvial plain of the Zlatica River are presently in the process of
salt leaching.

The investigated natural pasture is located southwest of the village of Idos
and it had formed on the high grounds composed of the solonchakic solonetz
soil. The surrounding low grounds include a belt of the saline hydromorphic
smonitza soil, which is about half a kilometer wide and borders the pasture
from the west and north, and a belt of the hydromorphic smonitza soil, which
is between one and two kilometers wide and surrounds the pasture from the
south and east. Drainage canals have been dug through both of these belts as
well as through a part of the pasture itself.

According to the data obtained from the nearest meteorological station
located in the town of Kikinda, the average annual precipitation in the studied
location is 555 mm and the average annual temperature is 11.1 °C. The Walter’s
climogram indicated that the beginning of the vegetation period is characterized
by a significant increase in precipitation and considerable but gradual increases
in temperature. The rainfall reaches its peak in June and considerably drops
afterwards. In contrast to the rainfall, the temperatures rise gradually at the
beginning of the vegetation period, stabilize in the middle of this period, and
start notably to decline only in October. Because of such combination of rainfall
and temperatures, the studied location is under the impact of an unfavorable
semi-arid period, which lasts from mid July to late September and negatively
affects the vegetation cover.

Due to a limited organic production of the solonchakic solonetz soil, the
area southwest of the village of Ido$ lies fallow. A natural vegetation cover
formed there and it is used by village residents for cattle grazing and mowing.
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Our aim was to study the flora and vegetation cover of the natural pasture
on the solonchakic solonetz soil located in the vicinity of the village of Idos
and to describe its characteristics.

Legend
— Rrvers and canals
-= Nabonal boundaries
= Locahties

F The Bafrhi Camal

Fig. 1. Map of the Province of Vojvodina (Northern Serbia) with the location
of the investigated site

MATERIAL AND METHODS

Soil data for the studied location are taken from Benka and Salvai [2005].
Climatic data for the studied location are taken from Ljevnai¢-Masi¢ [2010].
The flora and vegetation of the natural pasture near the village of Idos were col-
lected during field trips conducted over a period of several years. The collected
plant materials were determined and their names conformed to the nomencla-
ture according to Josifovi¢ [1970-1976], Savulescu [1952—-1976] and Tutin
et al. [1964—1980]. The ecological value of the taxa identified as adapted to
the saline habitat was assessed according to the criteria of Landolt [Landolt,
1977; Knezevi¢, 1994]. The place of the identified taxa among endemics or
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sub-endemics of the Pannonian Plain was determined according to the publica-
tions by So06 [1964—1985]. The syntaxonomic position of the plant communi-
ties observed in the various sites of the investigated pasture was determined
according to the publication “Halophytic vegetation of the Yugoslav part of the
Banat region” [Knezevi¢ et al., 1998].

RESULTS AND DISCUSSION

On the pasture on the solonchakic solonetz soil in the vicinity of the village
of Idos (Banat, Serbia) 137 taxa were found (Tab. 1).

Table 1. A pasture flora on the solonchakic solonetz soil in the vicinity of the village
of Idos (Banat, Serbia)

N | Taxen  orsainty
1. | Achillea millefolium L. S
2. | A. millefolium L. subsp. collina (Becker) Weiss S
3. | Agrimonia eupatoria L. S
4. | Agropyrum repens (L.) Beauv. N
5. | Agrostis alba L. S
6. |Alisma plantago-aquatica L. S
7. | Allium vineale L. S
8. |Alopecurus pratensis L. S
9. | Andropogon ischaemum L. S
10. |Artemisia maritima L. subsp. monogyna (W. et K.) Gams. S,
11. |Asclepias syriaca L. -
12. | Asperula cynanchica L. S
13. | Aster tripolium L. var. pannonicus (Jasq.) Beck N
14. | Astragalus cicer L. S
15. |Atriplex hastata L. S,
16. | A. litoralis L. S,
17. |A. tatarica L. S,
18. | Beckmannia eruciformis (L.) Host S,
19. | Bolboschoenus maritimus (L.) Palla S,
20. | Bromus commutatus Schrad. S
21. |B. mollis L. S
22. | Bupleurum tenuissimum L. S,
23. | Calystegia sepium (L.) R. Br. S
24. | Capsella bursa pastoris (L.) Medik. S

N
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25. | Carduus nutans L. S
26. | Carex distans L. S,
27. | C. vulpina L. S
28. | Centaurea cyanus L. S
29. | Cerastium caespitosum Gilib. S
30. |C. dubium (Bast.) Schwarz. S
31. | Chenopodium album L. S
32. | Ch. glaucum L. N
33. | Cichorium intybus L. S
34. | Cirsium arvense (L.) Scop. S
35. | Conium maculatum L. S
36. | Convolvulus arvensis L. S
37. | Cynodon dactylon (L.) Pers. S
38. | Dactylis glomerata L. S
39. |Daucus carota L. S
40. |Dipsacus laciniatus L. S
41. | Eryngium campestre L. S
42. | Euclidium syriaca (L.) R. Br. S
43. | Euphorbia cyparisias L. S
44. | Festuca vallesiaca Sch. subsp. pseudovina (Hack.) A. et G. S,
45. | Filipendula hexapetala Gilib. S
46. | Fragaria viridis Duchense S
47. | Galium aparine L. S
48. | G. pedemontanum All S
49. | G. verum L. S
50. | Geranium columbinum L. S
51. | Gratiola officinalis L. N
52. | Gypsophila muralis L. S
53. | Heleocharis palustris (L.) R. Br. S
54. | Helminthia echioides (L.) Gértn. S
55. | Hordeum maritimum Stokes subsp. gussoneanum (Parl.) A. et G. S,
56. | Hypericum perforatum L. S
57. |Inula britannica L. S,
58. |Juncus atratus Krock. S
59. | J. compressus Jacq. S,
60. |J. gerardi Lois. N
61. |Knautia arvensis (L.) Coult. S
62. |Lactuca saligna L. S,
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63. | Lathyrus hirsutus L. S
64. |L. tuberosus L. S
65. | Lemna minor L. S
66. |Lepidium draba L. S
67. | L. perfoliatum L. S
68. |L. ruderale L. S
69. | Lolium perenne L. S
70. | Lotus angustissimus L. S,
71. | L. corniculatus L. S
72. | L. tenuis Kit. N
73. | Lycopus europaeus L. S
74. | Lysimachia nummularia L. S
75. | Lythrum virgatum L. S
76. | Matricaria chamomilla L. N
77. | M. inodora L. N
78. | Medicago falcata L. S
79. | M. lupulina L. S
80. |Melilotus officinalis (L.) Pallas S
81. |Mentha pulegium L. N
82. | Myosurus minimus L. S
83. | Oenanthe silaifolia M. B. N
84. | Ononis spinosa L. S
85. | Onopordon acanthium L. S
86. | Ornithogalum gussonei Ten. S_
87. |Panicum crus-galli L. S
88. | Pastinaca sativa L. S
89. | Pholiurus pannonicus (Host) Trin. S,
90. | Phragmites communis Trin. Sy
91. |Pimpinella saxifraga L. S
92. | Plantago lanceolata L. S
93. | P. maior L. S,
94. | P. schwarzenbergiana Schur N
95. | P. tenuiflora W. et K. N
96. | Poa pratensis L. S
97. | P. pratensis L. subsp. angustifolia (L.) Sm. S
98. | Podospermum canum C. A. Mey. N
99. | Polygonum aviculare L. S
100. |P. lapathifolium L. S
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101. | Potentilla argentea L. S
102. | Prunus spinosa L. S
103. | Puccinellia limosa (Schur) Holmb. Sy
104. | Ranunculus lateriflorus DC N
105. | R. repens L. S
106. | R. sardous Cr. S,
107. | Roripa kerneri Menyh. N
108. |Rosa canina L. S
109. | Rubus caesius L. S
110. |Rumex crispus L. S,
111. |Salvia nemorosa L. S
112. | Schoenoplectus lacuster (L.) Palla S
113. | Sinapis arvensis L. S
114. |Sonchus arvensis L. S,
115. |Statice gmelini Willd. subsp. hungaricum (Klokov) Soo N
116. | Stenactis annua (L.) Ness. S
117. | Taraxacum officinale Weber N
Taraxacum serotinum (W. et K.) Poir. subsp. bessarabicum (Hor.)
18, Hand.-Maz. St
119. | Thymus marschallianus Willd. S
120. | Torilis arvensis (Huds.) Link. S
121. | Trifolium angulatum W. et K. N
122. | T arvense L. S
123. | T. campestre Schreb. S
124. | T filiforme L. S
125. | T ornithopodioides (L.) Sm. S,
126. | T. parviflorum Ehrh. N
127. | T. pratense L. S
128. | T repens L. N
129. | T striatum L. S,
130. | Typha angustifolia L. S,
131. |T. latilatifolia L. S
132. | Urtica dioica L. S
133. | Verbascum blattaria L. S,
134. | Verbena officinalis L. S
135. | Veronica anagallis-aquatica L. S
136. | Vicia angustifolia L. S
137. | Xanthium italicum L. S,
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The specific ecological feature of the surveyed plant cover was that 47 or
34.41% of the recorded taxa were rated with the Landolt’s ecological index S,

(Fig. 2).

S+
34.41%

S-
65.59%

Fig. 2 Graphic representation of taxa marked by S_and S, on the solonchakic
solonetz soil in the vicinity of the village of Idos

The flora of the studied pasture had a lower percentage of taxa marked by
the ecological index Sy than the pasture on the banks of Slano Kopovo oxbow
lake located near the town of Novi Becej [Knezevi¢ et al., 2005]. However,
the percentage of taxa marked by the ecological index S+ was higher than that
found for the flora of the pasture on the banks of Okanj oxbow lake located in
the vicinity of the village of Elemir [KneZevi¢ et al., 2012]. The specific plant-
geographic feature of the studied plant cover was the presence of two endemics
of the Pannonian Plain, Plantago schwarzenbergiana Schur and Statice gmelini
subsp. hungaricum (Klokov) So6, and two sub-endemics of the Pannonian Plain,
Puccinellia limosa Holmb. and Roripa kerneri Menyh.

The taxa recorded on the studied pasture formed a complex mosaic of
stands. Their syntaxonomic position is as follows:

Phragmitetea Tx. et Prsg. 1942
Phragmitetalia W. Koch1926 emend. Pign 1953
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Phragmition communis W. Koch 1926 emend. So6 1947
Ass. Scirpo-Phragmitetum W. Koch 1926 medioeuropaeum Tx. 1941
p.p. emend. So6 1971

Bolboschoenetalia maritimi Hejny 1967 p.p. (Bolboschenetea maritimi TX.
1969,
Scirpetalia maritimi Borhidi 1970 p.p.)
Bolboschoenion maritimi continentale So6 (1945) 1947 emend. Borhidi
1970
AsS. Bolboschoenetum maritimi continentale So6 (1927) 1957 (Scirpe-
tum maritimi Tx. 1937)

Molinio-Arrhenatheretea Tx.1937 p.p., Br.-Bl. et Tx. 1943 p.p.
Arrhenatheretalia Pawl. 1926
Cynosurion cristati Tx. 1947
Ass. Trifolio-Lolietum perennis Kripp. 1967

Festuco-Puccinellietea S06 1968
Festuco-Puccinellietalia So6 1968

Puccinellion limosae (Klika 1937) Wendel. 1943
AsSs. Puccinellietum limosae (Rapcs. 1927) So6 1930
Ass. Pholiuro-Plantaginetum tenuiflorae (Rapcs. 1927) Wendel. 1943
Ass. Hordeetum histricis (So6 1933) Wendel. 1943

Halo-Agrostion albae pannonicum Knezevi¢ 1990
Ass. Agrostio-Alopecuretum pratensis So6 (1933) 1947
Ass. Agrostio-Beckmannietum (Rapcs. 1916) So6 1933

Artemisio-Festucetalia pseudovinae So6 1968
Festucion pseudovinae So6 1933
Meso-Festucenion pseudovinae Vuckovi¢ 1985
Ass. Halo-Agropyretum repentis Vuckovi¢ 1985
Ass. Poeto-Alopecuretum pratensis halophyticum Vuckovi¢ 1982
Halo-Festucenion pseudovinae Vuckovi¢ 1985
Ass. Artemisio-Festucetum pseudovinae (Magyar 1928) So6 1945
Xero-Festucenion pseudovinae Vuckovi¢ 1985
Ass. Trifolio-Festucetum pseudovinae Vuckovi¢ 1985
Ass. Achilleo-Festucetum pseudovinae (Magyar 1928) So6 1945.

Plant communities that inhabit these stands are described hereafter.

The stands of the communities from the class Phragmitetea, i.¢. the stands
of ass. Scirpo-Phragmitetum medioeuropaeum and ass. Bolboschoenetum mari-
time continentale, grow in fragments. They cover spots in the lower, peripheral
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edges of the pasture and the banks of drainage canals that run through the
pasture. They make the weedy plant cover of the pasture, which cattle avoid to
graze and farmers do not mow.

The stands of the communities from the class Molinio-Arrhenatheretea, i.c.
the stand of ass. Trifolio-Lolietum perennis, grow on low grounds, in places which
are flooded for a long time in the spring and which are slightly saline. These plants
make a fairly thick cover, but their stands are floristically poor. Their floristic
composition includes plant species characteristic for lowland meadows of the
class Molinio-Arrhenatheretea (Trifolium repens, T. pratense, Lolium perenne,
Lotus corniculatus, Taraxacum officinale and others), while in the later part of the
vegetation period there occur numerous plant species that belong to the meadow-
steppe vegetation of continental Salinas from the class Festuco-Puccinellietea
(Festuca vallesiaca subsp. pseudovina, Hordeum maritimum subsp. gussoneanum,
Podospermum canum and others) and to the arid meadows from the class Festuco-
Brometea (Achillea millefolium L. subsp. collina, Cynodon dactylon, Plantago
lanceolata and others). The stands with the floristic composition described above
were formed as a consequence of intensive anthropogenic activities. The construc-
tion of canals impeded the development of primary lowland meadows while the
intensive grazing lowered the rate of soil aeration while increasing the erosion
of the topsoil. In some parts of the pasture, those that harbored stands of ass.
Trifolio-Lolietum perennis, there were attempts to grow wheat, which resulted
only in the destruction of the natural vegetation cover.

The stands of the communities from the class Festuco-Puccinellietea
were found to make the dominant vegetation cover in the studied pasture. The
vegetation cover consists of plant communities from the alliances Puccinellion
limosae, Halo-Agrostion albae pannonicum and Festucion pseudovinae.

Regarding the alliance Puccinellion limosae, stands of ass. Puccinellietum
limosae, ass. Pholiuro-Plantaginetum tenuiflorae and ass. Hordeetum histricis
have developed in the studied pasture. The stands of ass. Puccinellietum limosae
and ass. Pholiuro-Plantaginetum tenuiflorae are rare, small in size and floristi-
cally very poor. They are insignificant from the points of grazing and mowing.
The stands of ass. Hordeetum histricis have developed as a result of prolonged
flocking of grazing animals around the pens. Pasture species from the alliance
Agropyro-Rumicion crispi and weed species (Agropyrum repens, Poa pratensis
L. subsp. angustifolia, Trifolium pratense, T. repens, Cirsium arvense, Coni-
um maculatum, Mentha pulegium, Onopordon acanthium, Plantago maior,
Xanthium italicum and others) are frequent in these stands. These species are
significant because they suggest that animal pens need to be frequently relocated
in order to avoid trampling and occurrence of weed species in the pasture.

Regarding the alliance Halo-Agrostion albae pannonicum, stands of ass.
Agrostio-Alopecuretum pratensis and ass. Agrostio-Beckmannietum have devel-
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oped in the studied pasture. Their sites are typically spacious, water imperme-
able and slightly saline depressions in which rainwater is collected. It is inter-
esting that the plant cover from these sites is exploited economically. Namely,
as this cover type is not subject to intensive grazing, there is no waterlogging
due to livestock trampling. The mowing by hand or machines during the most
vigorous plant development provides a considerable quantity of hay with a
relatively good quality.

Regarding the alliance Festucion pseudovinae, stands of communities from
the suballiances Meso-Festucenion pseudovinae, Halo-Festucenion pseudovi-
nae and Xero-Festucenion pseudovinae have developed in the studied pasture.
This is the evidence of the ecological diversity of the studied sites.

Shallow depressions in which rainwater collects in the spring are the
sites where stands of the communities from the suballiance Meso-Festucenion
pseudovinae, i.e. the stands of ass. Halo-Agropyretum repentis and ass. Poeto-
Alopecuretum pratensis halophyticum have developed. Because of increased
humidity, plant species characteristic for the vegetation of lowland meadows
from the class Molinio-Arrhenatheretea have developed in addition to the halo-
phytes. The essential conditions that promoted the development of the stands
of ass. Halo-Agropyretum repentis were intensive grazing and farming efforts
undertaken in these sites. Therefore, these sites had acquired characteristics of
ruderal vegetation developing on a slightly saline soil. The essential conditions
for the development of the stands of ass. Poeto-Alopecuretum pratensis halo-
phyticum were repeated Salina and the lack of intensive grazing. These sites
have acquired characteristics of the mesophilic meadow vegetation developing
on a slightly saline soil.

The sites where stands of the communities from the suballiance Halo-
Festucenion pseudovinae, i.e. stands of ass. Artemisio-Festucetum pseudovinae
have developed, occupy a small part of the studied pasture. These are in fact fairly
saline strips of land, which had developed due to topsoil erosion. The vegetation
cover formed on them is floristically poor, making short and sparse canopy. This
explains why the studied pasture was found to provide poor grazing.

The sites that had given raise to the stands of the suballiance Xero-Festu-
cenion pseudovinae, i.e. the stands of ass. Trifolio-Festucetum pseudovinae and
ass. Achillea-Festucetum pseudovinae, are the highest parts of the pasture and
they are moderately to slightly saline. The stands of ass. Trifolio-Festucetum
pseudovinae are small in size. Their mowing provides substantial quantities of
hay in early spring, but later in the season the pasture is sparse. The stands of
ass. Achillea-Festucetum pseudovinae are the predominant plant cover in the
investigated pasture. Their floristic composition, in addition to the species that
are typical of the meadow-steppe vegetation of the continental Salinas from the
class Festuco-Puccinellietea, includes plant species that comprise the humid
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meadows from the class Molinio-Arrhenatheretea, which are present in the early
spring, and the species that comprise the dry meadows from the class Festuco-
Brometea, which develop later in the season. These sites are good hayfields
early in the spring, and the best pasture afterwards.

CONCLUSION

A pasture on the solonchakic solonetz soil in the vicinity of the village
of Ido§ (Banat, Serbia) was found to harbor 137 plant taxa (129 species, 7
subspecies and 1 variety). The plant cover they formed was specific from the
ecological, phytogeographical and phytocoenological points of view. The spe-
cific ecological feature of the surveyed plant cover was that 47 or 34.41% of
the recorded taxa were rated with the ecological index S+ due to their ability
to grow in saline soil. The specific phytogeographical feature of the surveyed
plant cover was the presence of two Pannonian endemics, Plantago schwarzen-
bergiana Schur and Statice gmelini subsp. hungaricum (Klokov) Sod, and
two subendemics, Puccinellia limosa Holmb. and Roripa kerneri Menyh.
The specific phytocoenological feature of the surveyed plant cover was the
presence of two phytocoenoses from the class Phragmitetea Tx. et Prsg. 1942
(ass. Scirpo-Phragmitetum medioeuropaeum and ass. Bolboschoenetum mari-
timi continentale), one phytocoenose from the class Molinio-Arrhenatheretea
Tx.1937 p.p., Br.-Bl. et Tx. 1943 p.p. (ass. Trifolio-Lolietum perennis) and ten
phytocoenoses from the class Festuco-Puccinellietea So6 1968 (ass. Puccinelli-
etum limosae, ass. Pholiuro-Plantaginetum tenuiflorae, ass. Hordeetum histricis,
ass. Agrostio-Alopecuretum pratensis, ass. Agrostio-Beckmannietum, ass. Halo-
-Agropyretum repentis, ass. Poeto-Alopecuretum pratensis halophyticum, ass.
Artemisio-Festucetum pseudovinae, ass. Trifolio-Festucetum pseudovinae and
ass. Achilleo-Festucetum pseudovinae). The stands of the communities from
the class Festuco-Puccinellietea So6 1968 were found to make the dominant
vegetation cover in the studied pasture. The presence of 34.31% of taxa rated
with the ecological index S, the presence of two Pannonian and two sub-
Pannonian floristic elements and the predominance of stands from the class
Festuco-Puccinellietea So6 1968 led us to conclusion that the pasture near the
village of Idos (Banat, Serbia) is a part of the halobiome of the Pannonian Plain.
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BEI'ETALIMJA ITAIITBHAKA Y OKOJIMHN HACEJbA UHOL

Anexca C. Kaexesuh, bpanka b. Jbenanh-Marmmih,
Hejana M. [Turypcku, bpanko T. hynuna

VYuusepsurer y HoBom Cany, [Tossonpuspennn dakynrer,
Tpr Jocureja O6panosuha 8, 21000 Hosu Caxn, Cpouja

PE3UME: V¥ 6au3unu Hacesba Mhoin, Ha manimaky, Ha CONOHBEIY COTOHYAKACTOM,
KOHCTaToOBaHO je 137 OuspHEX TakcoHa (129 BpcTa, cenam MOABPCTA U jeiaH BapHjeTeT).
busban mokpuBad koju oHM QopMmHpajy je crenuduuaH y eKoJOomKoM, ¢guroreorpad-
CKOM H (PUTOLICHOJIOMIKOM cMHUCITY. Crienn(puIHe eKOJIOIKE KapaKTePUCTHKE HCITUTAHOT
OubHOT MokpuBada cy 47 unu 34,31% KOHCTaTOBaHMX TAKCOHA OKAPAKTEPUCAHUX ca S,
300T BbUXOBE CIIOCOOHOCTH JIa pacTy Ha ciiaHoM 3emubuiTy. Cnenuduyna gpuroreorpad-
CKa KapaKTepUCTHKa UCITUTAHOT OMJBHOT MTOKPHBaya je MPUCYCTBO J[Ba TAaHOHCKA EH/IEMa,
Plantago schvarzenbergiana Schur u Statice gmelini subsp. hungaricum (Klokov) Sod, u
nBa cyoennema, Puccinellia limosa Holmb. u Roripa kerneri Menyh. Cnennduyna ¢uto-
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LICHOJIONIKA KapaKTePHCTHKA HCITUTAHOT OMJEHOT ITOKPUBAYa je IPUCYCTBO JIBE 3ajEAHUIIC
n3 kiace Phragmitetea Tx. et Prsg. 1942 (ass. Scirpo-Phragmitetum medioeuropaeum
u ass. Bolboschoenetum maritimi continentale), jenmne 3ajemuurnie w3 kiace Molinio-
Arrhenatheretea Tx.1937 p.p., Br.-Bl. et Tx. 1943 p.p. (ass. Trifolio-Lolietum perennis) u
JieceT 3ajenuuna us kiace Festuco-Puccinellietea So6 1968 (ass. Puccinellietum limosae,
ass. Pholiuro-Plantaginetum tenuiflorae, ass. Hordeetum histricis, ass. Agrostio-Alope-
curetum pratensis, ass. Agrostio-Beckmannietum, ass. Halo-Agropyretum repentis, ass.
Poeto-Alopecuretum pratensis halophyticum, ass. Artemisio-Festucetum pseudovinae,
ass. Trifolio-Festucetum pseudovinae u ass. Achilleo-Festucetum pseudovinae). Ha ocHo-
By npucyctsa 34,31% TakcoHa OKapaKTepPUCAHUX EKOJIOIIKMM MHIEKCOM S, IPUCYCTBO
JIBa TIAHOHCKA ¥ JIBa CyOIaHOHCKa (pJIOpHA €JIEMEHTA W JOMHHAIM]y CacTOjHHA Kiace
Festuco-Puccinellietea So6 1968, 3ak/py4riii CMO Ja je TallbakK, y OJHU3UHU HAcesha
Whom (banat, Cpbuja), neo xanodbuoma IlanoHCcKe HU3H]E.

KJbYYHE PEYM: ¢nopa, xanoouom, Mom (banar — Cpouja), manrmak, Bereraryja
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EUPHORBIA DAVIDII — AN INVASIVE WEED
SPECIES IN THE FIELDS OF SERBIA

ABSTRACT: Euphorbia davidii Subils (Euphorbiaceae) or toothed spurge is
a plant native to North America, but in Europe it is an alien weed. The populations
of this weed were recorded in the Province of Vojvodina (Serbia) for the first time
in 2007 in the arable fields in two localities: between the villages of Aleksa Santi¢
and Pacir and also between the villages of Pacir and Purdin. There were no previous
published data about the occurrence of this species in Serbia, nor about manage-
ment measures in crops to suppress this agricultural invader. In this paper, we pres-
ent experiences with several herbicide treatments applied to suppress populations of
toothed spurge from the crop fields in Serbia during the last six years. The most ef-
fective was treatment with a high concentration of glyphosate in the early phases of
toothed spurge growing. The populations of this invasive weed spread and formed
more or less dense patches in the crop field, the area of distribution increased from
3 ha to 7 ha. Observations and experiences with treatments suggest that Euphorbia
davidii, as an invasive plant, has significant impact on crop fields, therefore further
investigation of suppression measures and monitoring of its population is needed.

KEYWORDS: Euphorbia davidii, herbicide, invasive plants, toothed spurge,
weeds

Short running title: Vajgand et al.: Euphorbia davidii - experience with her-
bicide

INTRODUCTION

Introduction and naturalization of new plant species are taking place

worldwide and the number of alien plant species being introduced is steadily
increasing [Weber and Schrade 2006]. Some of the introduced alien plants

* Corresponding author e-mail: vajgandd@sbb.rs
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have become invasive weeds. Early confirmation and subsequent containment
of new weed threats are required to substantially reduce their long-term costs
of impact and control [ Virtue 1996]. Measures towards mitigating the problems
associated with new weeds include regular monitoring and risk assessments
[Weber and Schrade 2006].

Euphorbia davidii Subils (Euphorbiaceae), toothed spurge is a relatively
new alien in Europe’s flora. It is native to North Mexico, USA, Canada, but intro-
duced to South America (Argentina), Australia and Europe [Geltman 2012]. The
data from European studies and herbarium materials about known populations
of E. davidii in Russia, Ukraine, Moldavia, Romania, Bulgaria, Hungary, Italy,
Belgium, Switzerland and France were summarised by Barina et al. [2013].

Euphorbia davidii is an annual plant (Fig. 1), 20-50 cm tall, stem is
oppositely branched, pubescent, with two layers of hairs: upper with sparse,
more or less patent longer hairs and lower which is denser with shorter hairs.
Leaves are opposite, petiolate; the lamina is up to 6(-8) cm long, lanceolate to
elliptical, sometimes red-spotted; the base is attenuate; the margin is crenate-
serrate; the apex is acute to acuminate, hairy on both surfaces; the hairs have a
wide basal cell. Inflorescence is terminal; cyathia app. 2.5 mm long, bracteoles
inside cyathium with non-glandular lacinia; staminate flowers up to 15 per
cyathium; pistillate flower exceeding cyathia, the ovary usually glabrous, the
stigma two-lobed; capsule glabrous; seeds a little longer than wide, on cross
section tetragonal, on its surface there are relatively few irregularly formed
tubercula, with a large yellow reniform caruncle [Geltman 2012; Oprea et al.,
2012; Barina et al,, 2013] (Fig 1).

Fig 1. A detail of Euphorbia davidii plant
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There were no previous published data about the occurrence of this species
in Serbia [Vrbni€anin et al., 2004; Anackov et al., 2013]. Very little is known
about management measures in crops to suppress this agricultural invader
[Stoorie and Cook 1996]. In this paper, we present results of empirical stud-
ies of treatments by different herbicide applied to suppress populations of the
toothed spurge in crop fields in Serbia during the last six years.

MATERIAL AND METHODS

The distribution map of E. davidii in Serbia was made using the Univer-
sal Transverse Mercator (UTM) 10x10 km grid system [Survey 1973]. From
2007, when the toothed spurge was first recorded in Serbia, to 2013 different
herbicides were applied, depending on crop. In maize fields: isoxaflutole +
cyprosulfamide; isoxaflutole + acetochlor; nicosulfuron + prosulfuron; tembo-
trione + isoxadifen-etil; foramsulphurone + isoxadifen-etyl; and foramsulfuron
+ isoxadifen-etyl + iodosulfuron-methyl-sodium were applied. In sunflower
fields: flurochloridone; acetochlor + terbutylazine and fluazifop-p-butyl. After
winter wheat harvest and the occurence of toothed spurge in wheat stubble in
summer, there was an attempt of suppression with glyphosate (3.5 1/ha). On the
edge of a maize field, a high concentration of glyphosate (2 liter glyphosate in
1 liter of water) was applied using hand-held sprayer. Herbicide effects were
visually assessed using 0 (no effect) to 5 (total death) rating system [McMillan
and Cook 1992; Stoorie and Cook 1996].

RESULTS

Distribution of Euphorbia davidii in Serbia was first recorded in 2007, in
crop fields in Vojvodina (Serbia), between the villages of Aleksa Santi¢ and Pagir
(CR78 according to 10x10 km UTM) (Map 1). Populations of this plant were
also recorded between the villages of Pacir and Purdin (CR88), approx. 10-12
km from the first location. The populations were distributed in several scattered
small patches on a total area of c. 3 ha. In the last six years up to 2013, the
area of distribution of toothed spurge was c. 7 ha and the abundance of species
also increased (Fig. 2). According to farmers’ experience, row cultivation and
herbicide treatments generally applied against other common weeds were unsuc-
cessful in suppression of the toothed spurge. According to visual assessments
performed one week and one month after treatment, several applied herbicide
had no visible effect on the toothed spurge plants (Tab. 1). The most effective
(2-3 on the rating scale) was treatment with high concentration of glyphosate
(2 litre glyhosate in a 1 litre of water), applied using a hand-held sprayer, which
caused black spots on toothed spurge leaves. Nevertheless, these weed plants
were not killed by this herbicide.
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Map 1. Distribution of Euphorbia davidii marked with ® on UTM map

of the Province of Vojvodina (Serbia)




Table 1. Effect of herbicide treatment on toothed spurge according to visual assessment
and empirical observations, using 0 (no effect) to 5 (total death) rating system scale

Crop Herbicide active ingredients Effect
isoxaflutole + cyprosulfamide 0
isoxaflutole + acetochlor

nicosulfuron + prosulfuron

tembotrione + isoxadifen-etil

foramsulphurone + isoxadifenv-etyl

foramsulfuron + isoxadifen-etyl + iodosulfuron-methyl-sodium
flurochloridone

Sunflower acetochlor + terbutylazine

fluazifop-p-buthyl

glyphosate

glyphosate (high concentration)

Maize

S =) [ [y ey iy A F= =

Wheat (stubble)

N
(8]

According to observations the populations of Euphorbia davidii probably
had some effect on different crops: in field patches with dense populations of
toothed spurge maize plants were smaller and maize ears were also smaller.
Sunflower ripened approx. 15-20 days earlier than plants in the same field
without toothed spurge and sunflower heads were much smaller. There is no
evidence for these observations because experimental studies and measurements
of crop plants were not performed yet. Further survey is needed to measure the
potential impact of this weed on different crops.

Invasiveness of toothed spurge in Serbia can be assessed according to the
fact that during the six years observations of populations of this species, which
easily spread and formed more or less dense patches in the crop fields (Fig. 1),
the area of distribution more than doubled. The majority of the weed populations
were destroyed by row cultivation. Nevertheless, a lot of individuals remained
between crops and are spreading further.

DISCUSSION

E. davidii has been discovered in Serbia, but the origin of this introduction
is unknown. It has also been introduced to other European countries, spreading
mainly along railways. However, the species which can also invade agricultural
fields was probably introduced by crop seeds imported from North America
[Geltman 2012; Barina et al., 2013]. Most populations of toothed spurge in
Europe are small, but due to its wide distribution, the growing number of recent-
ly established populations, and its invasive ability, special attention should be
paid to changes in distribution and population sizes in Europe. Toothed spurge
is a weed of onions and cereals in southern Russia and Uzbekistan [Kudryavt-
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seva and Chernetsova 1993]. In Russia and Ukraine this species is on the list
of quarantine weeds [Vladimirov and Petrova 2009]. E. davidii was found in
Hungary on a single locality in an arable field [Molnar et al., 2012; Pinke et al.,
2012]. In France it occurs in agricultural fields, mostly maize or soybean and a
rapid assessment indicate that the species present an intermediate risk requir-
ing further observations [Girod and Fried 2011]. The occurrence of the new
invasive weed in Serbia also confirms the importance of agricultural fields as
potential introduction entrances for biological invasion [Girod and Fried 2011].

There is no published data about herbicide treatment of toothed spurge in
European countries. However, agronomists and farmers should know which
herbicides could be used to control it. Thorough survey of herbicide effects had
been performed in Australia, where the toothed spurge is of concern because
many of the commonly used herbicides, such as glyphosate, had little effect
[Stoorie and Cook 1996]. According to herbicide trials applied in Australia
good efficacy (not excellent) in toothed spurge control can be expected by apply-
ing herbicides in wheat based on metsulfuron-methyl and fluroxypyr-meptyl
[Stoorie and Cook 1996]. Some of the active ingredients tested in Australia are
not available on the Serbian market, therefore in this article more attention was
paid to those herbicides which can be applied in Serbia. In maize fields it can
be recommended fluroxypyr-meptyl + terbutylazine, and bromoxynil octanoate
+ terbutylazine. Paraquat-dichloridee alone or in mixture with terbutyazine is
recommended for the stubble. Early application of herbicides on small toothed
spurge plants gives better results and their efficiency will be higher [Stoorie
and Cook 1996].

CONCLUSION

The observations suggest that the distribution and frequency of Fuphorbia
davidii in Serbia increased during the past six years. It continues spreading and
is very likely to become a more troublesome weed than it is at present. This plant
has the potential to become a noxious agricultural weed in summer-sown crops.
We, therefore, stress the importance of permanent monitoring of this species in
Serbia. Only high concentration of glyphosate on stubble was efficient. Further
evaluation will be required to refine the effects of herbicides.
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EUPHORBIA DAVIDII - NTHBA3MIBHA KOPOBCKA
BPCTA HA IIOJbBUMA CPBUIJE

Jparaun 'B. Bajrang*!, Henag 'B. Munuh?, {paruna W. [Typrep?

! Arponporekt” doo, Hukone [Tamuha 9, Com6op, Penyonuka Cpouja,
*vajgandd@sbb.rs
2 Bayer” doo, Ommagurckux 6purana 886, beorpan, Pemy6mika Cpouja
3,,BioRes* Bt., Barackvirag 27, H-7624 Pécs, Peny6auka Mahapcka

PE3UME: Euphorbia davidii Subils (Euphorbiaceae), naBumujeBa mireunka, mo-
pexiom je m3 Ceseprne Amepuke. [IpoHaljeHa je ka0 HOBa BpcTa MHBAa3WBHOT KOPOBA y
BojBomunu (Cpbuja) Ha nBa nokanutera: umel)y cena [launpa u Anexce [llantrha xao u
usmely [Taunpa u Hyphuna. OBa Bpcra je npeu myt npumehena 2007. roquHe Kao KOpoB
y oxomaBuHama. Of Tajga Cy MpOBEICHU OPOjHU TMOKYIIaju Cy30ujara OBE WHBA3UBHE
BpCTE, aJM je MIMPEHhE HEHHUX IOIyJIalija HacTaBbeHo. Y paay je mar Mopgosomku
OITHC BPCTE, IPUIIOXKEHE CY U oTorpaduje Orsbaka i KapTa pacnpocTpamema y Cpouju.
Jocanamma HCKycTBa TOKa3aia Cy Aa BehnHa xepOunuaa Koje 0OOMYHO MPUMEHY]y 3a
3aIITUTYy MOjeMHUX yCEeBa HEMajy HUKaKaB yTHIA] Ha JaBHIMjeBy Miednky. Hajoosmu,
Majia ciabu pe3yaTaTH y cy30ujarmy OBOT HHBa3HBHOT KOPOBA MOCTUTHYTH Cy TPUMEHOM
jadux j03a rudocara y IOYeTHUM pa3BojHUM (azama miteunke. C 003UpoM Ha HHBA3UB-
HU KapakTep OBe BPCTE U IMOTEHIIMjaJIHO 3HAYajaH yTHUIAj HAa YCeBE U ITPUPOJHA CTaHHII-
Ta, HEOIIXOIHO je cTamHo npaheme momynanuja. [ToTpebHO je mpoBecTH U ajba CUCTe-
MaTcKa UCTpakKWBamba Ha FheHOM Cy30Hjamy, jep Cy HeKe XepOUIINAHO aKTHUBHE MaTepHje
ToKa3aJe 3a/[0BoJhaBajyhe pesynrare Kajia ce MpUMEHe Ha MJIICYNKY Y HajOCETIbUBHU)UM
(azama pasBoja.

KIJbYUHE PEYU: Euphorbia davidii, naBuaujeBa Mie4nka, XepOUIIM/IH, HHBA3UB-
He OMJbKe, KOPOB
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SEASONAL DYNAMICS OF COPPER AND ZINC
ACCUMULATION IN SHOOTS OF PHRAGMITES
AUSTRALIS (CAV.) TRIN EX STEUD., TYPHA
LATIFOLIA L. AND TYPHA ANGUSTIFOLIA L.

ABSTRACT: The concentrations of Cu and Zn were measured in shoots of
plants Phragmites australis (Cav.) Trin ex Steud., Typha latifolia L. and Typha an-
gustifolia L. at four locations in the area Bardaca (Necik — neglected fishpond, Lug
— fishpond used for recreation activities, Sinjak — active fishpond and Matura — river
connected to some of the fishponds). In all these types of water bodies, Zn and Cu
concentrations were the highest in young plants (May—June) and then declined until
the end of the season, especially in September. Phragmites australis has accumu-
lated higher amounts of Zn than Typha latifolia and Typha angustifolia, whereas for
Cu the difference between species was not so clear. In relation to the site, the larg-
est concentrations of Zn and Cu were recorded in plants from the sites Sinjak and
Matura, followed by Necik and Lug respectively. Such site specific differences are
related to specific ecological conditions at each habitat.

KEYWORDS: aquatic macrophytes, translocation of heavy metals, phytore-
mediation

Running title: Maksimovi¢ et al., Zinc and copper accumulation in macro-
phytes

INTRODUCTION

Aquatic macrophytes are essential components of each aquatic freshwater
ecosystem, with a number of important functional roles [Elis et al., 1994; Sto-
janovié et al., 1994; Jankovic et al., 1988; DeBusk et al., 2001; Wetzel 2001;
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Stankovi¢ et al., 2009]. Aquatic plants can accumulate high amounts of heavy
metals in some tissues, reaching up to 10—10° times higher concentrations
than in the surrounding water or sediment. Bioaccumulation of heavy metals
depends on plant species, plant organ and a number of abiotic parameters [Boyd
1970; St-Cyr et al., 1994; Pajevic et al., 2008; Maksimovi¢ 2007; Grisey et al.,
2012]. In biological monitoring of aquatic ecosystems aquatic macrophytes are
important indicators providing further insight into the habitat status. Analyses
of variations in aquatic vegetation composition and quality provide reliable
information regarding the quality of water, sediment and coastal area of the
water body [Tremp and Kohler 1995; Melzer 1999; Madsen et al., 2001].

Water Framework Directive [European Union 2000] defines the necessity
of use and application of biological indicators for more precise determination
of ecological status, clasiffication and monitoring of surface and underground
waters [Stelzer et al., 2003].

Heavy metals, Zn and Cu included, are increasingly becoming a global
environmental pollution issue. Species Phragmites australis, Typha latifolia
and Typha angustifolia had proven to be dominant species in many aquatic
freshwater habitats. These species can serve as secondary sources of food to
some animal species for which they also represent important microhabitats.
They also have an economical value because of their potential use as con-
struction materials or thermal energy sources. In recent decades, these species
have frequently been analysed and used for thorough scientific monitoring as
indicators of environmental pollution or as phytoremediators [De Busk et al.,
2001; Fedice and Etdet 2002; Chandra and Yadav 2011; Grisey ef al., 2012;
Uka et al., 2013].

Previous analyses of mineral composition in Phragmites australis, Typha
latifolia and Typha angustifolia in the area of marshy complex of Bardaca
(Republic of Srpska, Bosnia and Herzegovina) showed high variations in
accumulation of different macro and microelements during the season, depen-
ding on the location of the sampled plant material in the habitat [Maksimovié
and Stankovi¢ 2005; Maksimovi¢ 2007]. Continuing these investigations, this
paper gives further insight into the ecological status of the area analysing Zn
and Cu accumulation during the vegetational season at different locations, for
the three above-mentioned species of water vascular plants. The aim of this
study was to discern significant variations in heavy metal content during the
season in order to give more precise assesment of the bioindicative role and
remediaton potential of these three species.
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MATERIALS AND METHODS

Swamp ecosystem Bardaca is located in the north east part of Lijevca
polja, sorrounded by several rivers (Sava, Brzaja, Vrbas, Matura) and one canal
(Osorna-Borna-Ljevcanica). The elevation of the area is arround 100 meters
above see level, at the foot of Motajica mountain, in the center of moderate
climate belt (45° 08 north latitude and 17° 25 east latitude).

The research was conducted at the following points in the area: 1) Necik
(it used to be a fishpond complex, but is neglected today; surface arround 40
hectares; average depth 110 cm), 2) Dugopoljski Lug (a fishpond pool used
mostly for recreation and sport fishing, located on the west side of the canal
Stublaja from which it receives water; surface 60 hectares; average depth 160
cm), 3) Sinjak (it used to be abandoned, but today it is an active fishpond located
eastward from the Summer pool; surface 40 hectares; average depth 180 cm),
4) Matura (the river that originates from the spring at the locality Razboj and
flows into the Sava River near the fishpond Bardaca; its water is used for some
of the fishponds in the area).

On each of the four described points in the Bardaca area, shoot samples
(leaves and stems) of three species were collected during the vegetational
season: common reed (Phragmites australis (Cav.) Trin. ex Steud.), broadle-
af cattail (Typha latifolia L.) and narrowleaf cattail (Typha angustifolia L.).
After initial drying, plant material was mixed and heated with H,O,, followed
by heating at 450 °C and treatment with 25% HCI. Conentrations of Cu and
Zn in prepared solutions were determined by employing atomic apsorption
spectrophotometry (Varian, AAS240FS). All analyses were performed in three
independent technical replications. Obtained results were processed by ANOVA
variance analyses, followed by Duncan Multiple Range Test. Average values
followed by the same letter are not significantly different for p<0.05.

RESULTS AND DISCUSSION

The highest Zn content, in all three analysed species, is determined at the
beginning of the vegetation season (May—June), followed by a decrease dur-
ing the second part of the season, with lowest values determined in September
(Tables 1-3). In general, such results are in accordance with previously pub-
lished results regarding macro and micro elements at the same locality in the
same plants [Maksimovi¢ and Stankovi¢ 2005; Maksimovi¢ 2007] and with
results published by Grisey et al [2012]. Such results indicate higher rate of
plants metabolic activity in the first part of the vegetation season (May and
June), and in some cases during the mid summer month of July (and August
in just a few localities), resulting in stronger uptake rate and correlated heavy
metal accumulation. According to many researchers, the peak of the macro-
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phyte vegetational growth in similar aquatic habitats is mid summer, starting
early in March [Karunaratne et al., 2003; Windham et al., 2003; Sollie and
Verhoven 2008; Quan et al., 2007]. Eid et al. [2012] also determined that the
Typha dominigensis shoot content of most nutrients and heavy metals (Zn
and Cu included) increased rapidly in the early parts of the vegetation season,
reaching maximal values in July and then decreased again. It seems that early
development of stems and leaves at the beginning of the season, determines
higher nutrient mobility in the aboveground translocation system, resulting in
high nutrient activation and translocation from the rhizome to upper plant parts.
In the second part of the growing season, concentration of nutrients, along with
heavy metals, can gradually decrease, also as the result of “dilution effect”, by
which mineral elements are diluted in the large stem and leaves biomass. Most
of the shoot biomass is being formed in the April-July period, and shoot growth
significantly decreases in August. Also, as the end of the season approaches,
transfer of some elements from leaves to rhizome slowly starts to increase,
leading to general accumulation of organic matter in the rhizome, providing
essential amounts of nutrients for the new growth in the following year [Zhao
et al., 2013]. Senescence process attributes to decrease in nutrients and heavy
metal concentrations in the plant shoot at the end of the vegetation season.

Table 1. Zn content in shoots of Phragmites australis at four localities of Bardaca
area (ug/g of dry weight)

Localities Month of the year
5 6 7 8 9 average
Necik 3250 a 23.24b 16.69 b 6.47d 8.61b 17.50
Lug 27.20b 1822 ¢ 13.89b 13.01 ¢ 1393 a 17.25
Sinjak 33.26a 3998 a 36.53 a 3251 a 16.27 a 31.71
Matura 22.81b 42.15a 17.39b 16.80 b 8.72 b 21.58
average 28.94 30.90 21.13 17.20 11.88

Values followed by different letters in a same column were significantly different at p<0.05

Table 2. Zn content in shoots of Typha latifolia at four localities of Bardaca area

(ng/g of dry weight)
o Month of the year
Localities 5 6 7 8 9 average

Necik 20.36 a 22.58 a 22.06 a 16.02 a 13.14a 18.83

Lug 18.56 a 16.58 b 15.10b 13.12b 1330 a 15.33
Sinjak 16.08a  19.93 ab 931c¢c 8.24 ¢ 7.69 ¢ 10.21
Matura 19.63 a 23.83a 15.32b 1727 a 8.86 b 16.98
average 22.95 25.74 15.45 13.66 10.75

Values followed by different letters in a same column were significantly different at p<0.05
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Table 3. Zn content in shoots of Typha angustifolia at four localities of Bardaca area

(ng/g of dry weight)
. Month of the year
Localities 5 6 7 8 9 average

Necik 2370 a 2234 a 1535b 15.60 a 1393 a 18.18

Lug 2241 a 22.34a 2143 a 15.68 a 10.89 b 18.55
Sinjak 1540 b 11.70 b 8.54 ¢ 8.37¢ 4.79d 9.76
Matura 16.03 b 22.66 a 9.09 ¢ 11.03 b 843 ¢ 13.45
average 19.39 19.76 13.60 12.67 9.51

Values followed by different letters in a same column were significantly different at p<0.05

Some significant differences were determined between analysed species
and localities. Zn content in Phragmites australis (Table 1), at locality Sinjak,
was higher in relation to other localities. However, the same relation was not
indicated for Zn accumulation in Typha latifolia and Typha angustifolia (Tables
2 and 3). The highest Zn uptake and accumulation level was determined in
Phragmites australis, followed by Typha latifolia and than Typha angustifolia.
Similar differences between Phragmites australis and Typha angustifolia have
been determined by Nikoli¢ et al. [2003] and Chandra and Yadav [2011]. Higher
Zn accumulation in Phragmites australis was previously found in relation to
Typha latifolia [Grisey et al., 2012], which is of importance for selection of
more suitable phytoremediators.

Significantly higher Zn concentrations were determined in Phragmites
australis at Sinjak locality. Same relations were not confirmed by Typha latifolia
and Typha angustifolia, having the lowest Zn accumulations at the same locality.
Such variations might be indicated by specific conditions at this habitat. As an
active fishpond, Sinjak has specific water regime, water quality, and occasional
removal of macrophyte biomass, related to the application of technological
measures during its commercial supervision. The circulation of different ele-
ments in fishponds can especially be affected by fish food, fish biotic interac-
tions, and fish excrements along with plant decomposition [ Van Donk and Otte
1996; Petr 2000; Wetzel 2001].

Similar to Zn, the content of Cu during the vegetational period in all three
species (Tables 4-6) was the lowest at the end of the season, in September.
If these species are to be used as phytoremediation tools, the harvesting of
shoots should take place in the middle of the season, when the heavy metals
content is high and the biomass quantity comes to its seasonal peak. This is
especially important because large amounts of decomposing leaf and stem litter
are returned to the aquatic system at the end of the vegetation season, affecting
the cycle and transition of heavy metals present in the ecosystem [Unamuno
et al., 2007]. Bragato et al. [2009] determined that at the end of the season
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significantly higher amounts of heavy metals are found in senescing leaves of
Phragmites australis, suggesting an adaptation strategy by which plants redis-
tribute toxic heavy metals from all plant parts to used leaves. They determined
higher Zn and Cu content only in leaves dry weight, whereas in rhizome and
shoot, accumulation levels where similar during the whole season, with small
increase in the first two months of growth.

Table 4. Cu content in shoots of Phragmites australis at four localities of Bardaca

area (ug/g of dry weight)
.. Month of the year
Localities 5 6 7 8 9 average

Necik 4.64b 3.78 ¢ 3.57b 245 a 1.86 b 3.26

Lug 292 ¢ 2.87c¢ 3.87b 297 a 245a 3.02
Sinjak 7.52a 3991 a 5.78 a 3.25a 222a 11.74
Matura 3.10¢ 3191b 2.57 ¢ 2.26a 1.39¢ 8.25
average 4.55 19.62 3.95 2.74 1.98

Values followed by different letters in a same column were significantly different at p<0.05

Table 5. Cu content in shoots of Typha latifolia at four localities of Bardaca area

(ng/g of dry weight)
.. Month of the year
Localities 5 6 7 8 9 average

Necik 5.16 ab 5.03b 595a 6.08 a 343a 5.40

Lug 6.55a 4.65b 5.08b 4.86 ab 2.98b 4.82
Sinjak 4.99b 18.40 a 4.44 ¢ 391b 251¢c 6.85
Matura 470 b 16.76 a 341d 5.11 ab 1.63d 6.33
average 5.35 11.21 5.05 4.99 2.64

Values followed by different letters in a same column were significantly different at p<0.05

Table 6. Cu content in shoots of Typha angustifolia at four localities of Bardaca area

(ng/g of dry weight)
.. Month of the year
Localities 5 6 7 8 9 average

Necik 5.75b 5.25d 490 b 551a 3.38b 4.96

Lug 5.74b 7.55b 5.66 a 553a 3.64a 5.63
Sinjak 722 a 6.34 ¢ 4.46 ¢ 378 b 1.98 ¢ 4.76
Matura 3.66 ¢ 13.99a 3.40d 4.16 b 1.75¢ 5.40
average 5.59 8.28 4.61 4.75 2.69

Values followed by different letters in a same column were significantly different at p<0.05
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One extremely elevated peak of Cu accumulation was determined in
Phragmites australis and Typha angustifolia during May and June at localities
Sinjak and Matura, as well as in Typha angustifolia in June at locality Matura.
Such high concentrations of Cu indicate some additional Cu release to the eco-
system at these localities. As expected in most plant species, determined con-
centrations of Cu in investigated plants were, in general, lower when compared
to Zn. However, available reference data indicate that the degree of Zn uptake
can significantly differ from the degree of Cu uptake, resulting in different
bioconcentration factors between Phragmites australis, Typha angustifolia and
DBypha latifolia. Chandra and Yadav [2011] recorded higher Zn than Cu accu-
mulation, in Phragmites australis, Typha angustifolia and Cyperus esculentus,
highlighting that Phragmites australis is a Zn shoot accumulator, whereas Typha
angustifolia is a Cu root accumulator. Higher accumulation of Zn and Cu in roots
than in shoots of Typha latifolia was determined by Ye et al. [1997] and Klink et
al. [2013]. In Phragmites karka Uka et al. [2013] also found higher potential in
Zn accumulation. Alfadul and Al-Fredan [2013] found that Zn and Cu, among
other heavy metals, are accumulated in higher concentrations in shoots than in
roots of Phragmites australis, whereas Bonanno and Giudice [2010] determined
reversed ratio, where Zn and Cu concentrations were higher in rhizome and
roots. These variations in results obtained by different researchers probably
exist because of the complexity of the heavy metal uptake process. Bioavail-
ability of heavy metals depends on several parameters of water and sediment
quality, especially pH and redox potential [ Ye et al., 1997; Sundareshwar et al.,
2003]. The uptake and translocation of heavy metals inside the plant can also
differ depending on the antagonistic and synergistic reactions between differ-
ent concentrations of available elements, presence of organic matter and clay
fractions and oxygen concentrations. Specific biotic conditions of each site can
have significant impact on the availability and uptake capacity of each heavy
metal. Since these parameters are rarely balanced in the same way at different
localities, it is hard to predict the precise accumulation potential of different
plant parts, even in the same species, and all environmental parameters and
physiological plant traits must be taken into consideration.

CONCLUSION

Analysing the accumulation of Zn and Cu in Phragmites australis, Typha
latifolia and Typha angustifolia during the season (by observing both individual
localities and general average values per each month), higher concentrations
were determined during the first part of the vegetational season. These findings
indicate that these species had higher metabolic rates, vegetational growth and
more optimal conditions in the first part of the season, followed by generally
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reduced uptake and translocation of nutrients to the rhizome and the beggining
of the senescence process in September. Zn accumulation in shoots was higher
when compared to Cu accumulation in all three analysed species. Specific
increase of Zn content in shoots of Phragmites australis at Sinjak locality
indicate that specific conditions of the particular habitat have great influence
on accumulation and distribution of Zn in this species. Increased Cu content
in both Phragmites australis and Typha latifolia in May and June suggest that
aditional release of Cu occured at Sinjak and Matura localities.
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CE30HCKA IMHAMUNKA AKYMVYJITAIIMIJE IUHKA U BAKPA Y
HAIBEMHUM JAEJIOBUMA BPCTA PHRAGMITES AUSTRALIS (CAV.)
TRIN EX STEUD., TYPHA LATIFOLIA L. 1 TYPHA ANGUSTIFOLIA L.

Tama P. Makcumosuh!, Munan K. Bopumes?, )Kusko C. Crankosuh?

"Vuusepsutet y bamoj Jlymm, [IpuponHo-mateMaTiHdaku (hakyiTer,

Miaznena Crojanosuha 2, 65000 bama Jlyka, Pemy6muka Cpricka, bocha n Xepuerosuna
*Vuusep3uret y Hosom Cany, [Ipupoano-maremaruuku pakynrert, Jenaprman 3a
OMOJIOTH]y U €KOJIOTH]Y,

Tpr Hocuteja O6panosuha 2, 21000 Hosu Can, Cpbuja

PE3UME: V¥ namzemHom neny Bpcta Phragmites australis (Cav.) Trin ex Steud.,
Typha latifolia L. n Typha angustifolia L. onpehusane cy ce30HCKe NMpOMeHE KOHIICH-
Tpanuja muHKa (Zn) u 6axpa (Cu) Ha yetupu cranumTa oonactu bapmaue (Heruk — 3a-
MyImTeHn pudmak, JIyr — pubmak Koju ce KOPHCTH 3a PEeKPeaTHBHO-CIIOPTCKE aKTHB-
HocTH, Cumhak — akTUBHU puOmak U Marypa — peka Koja Haraja HEeKOJIMKO puOmaka y
0BOj obnactu). Y cBa YeTHPU BOJCHA CTAHUILTA, KOHIIEHTpaluje UHKa U Oakpa Owuie
cy HajBehie y MiamuMm OuWJbKama y MPBOM JICNTy BETreTallMOHE Ce30HE (Maj—jyH), HAKOH
yera je yTBpl)eHO IOCTEIeHO OMa/latbe y APYTroM JIeily BereTaljoOHe Ce30He, Ca HajMabUM
U3MEPEHUM BpeIHOCTUMA y centeMOpy. Bpcra Phragmites australis axymynupana je
Behe KOHIIEHTpaIHje IMHKA y OHOCY Ha Bpcte Typha latifolia w Typha angustifolia, mox
3a Oakap HHje yTBpleHa jacHa pasirKa y aKyMyJHpaHUM KOHIIEHTpauujama mmel)y nc-
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MMUTUBAHUX BpCTa. Y OIHOCY Ha JIOKAIUTET, HajBehe KOHIICHTpallHje IIMHKA 1 0akpa cy
yTBpheHe y Onspkama ca cranumra Cumak u Marypa, a 3aTuM Ha cTaHAITIMa Heruk u
Jlyr, o yka3yje Ha crenupuUaH YTUIA] Pa3THIUTHX YCIOBA Y UCIIMTHBAHUM CTAHHII-
THMa Ha IIXOB 0COOEH €KOJIOIIKH CTaTyC.

KJbYUHE PEYMU: akBatruHe MakpoQuTe, TPAHCIOKAIMja TEHIKKHX MeTaia, GUTo-
pemenujarmja
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THE IMPORTANCE OF LEGISLATION AND FORENSIC
FINDINGS FROM THE ANALYSIS OF TURKEY MEAT

ABSTRACT: The aim of this study was to investigate the importance of legis-
lation regarding the process of testing the presence of Salmonella spp. in turkeys for
slaughter and forensic investigation of the presence of antimicrobial drugs residues
in turkey meat. The investigation was performed on a fattening farm, just before
the delivery of turkeys for slaughter. Two pooled faecal samples were taken from
turkeys and sent for analysis. Both samples were tested positive for Salmonella
spp. Antibiogram was performed after that and the drug of choice for treatment was
enrofloxacine. After turkeys were treated with antibiotics, again two pooled faecal
samples were sent for analysis and now both were negative. Turkeys were sent for
slaughter, but at the same time there were some suspicions that the owner did not
comply with the time of the withdrawal period for the antibiotic used and a forensic
investigation was performed in order to determine the presence of antimicrobial
drug residues in slaughtered turkeys. Samples of liver, kidney and fat of turkeys
were taken at the slaughter line and were sent for analysis for the presence of anti-
microbial drugs residues. All of the samples were free of antimicrobial drug and the
suspicions were rejected. Recommendations were made regarding the improvement
of biosecurity and hygiene measures on farms and good animal husbandry practices
in order to limit the use of antimicrobial agents.

KEYWORDS: antimicrobial drugs, residue, Salmonella spp., turkey

INTRODUCTION

Infections with Salmonella spp. cause gastrointestinal disorders in humans,
causing morbidity, hospitalization, economic burden, and may lead to a lethal

* Corresponding author e-mail: stojanac.n@gmail.com
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outcome [Pieskus et al., 2006]. The most common route of infection is faecal-
oral route, where people can become infected by ingesting the bacteria through
contaminated food or water, or by direct or indirect contact with the faeces
of infected humans and animals [Fearnley et al., 2011]. Various studies have
shown that foods of animal origin, especially poultry and pigs, represent major
sources of Salmonella infections in humans [Erol ef al., 2013; Stojanac et al.,
2013]. Among them, turkey meat and products are attributed to be the important
sources of food-borne salmonellosis [EFSA and ECDC, 2012].

Infection of turkeys with Salmonella spp. is usually asymptomatic and
detection of the bacterium emerges by random monitoring of the farm [Danguy
des D’eserts et al., 2010]. In Serbia, the testing for presence of Salmonella in
turkeys ready for slaughtering is regulated by the Ordinance Establishing Pro-
grams of Animal Health Protection Measures for 2013 [S/. glasnik RS, 91/13].

Antimicrobial resistance in food-borne pathogens is of global concern
because of the impact on public health. The use of antimicrobial drugs in food
producing animals is associated with the emergence of resistant strains of some
pathogens in humans [EFSA, 2008]. In turkey production, antimicrobial drugs
are used in the treatment of infections in individual animals, but more frequently
in the entire flock of turkeys. These antimicrobial drugs are used prophylacti-
cally and metaphylactically to prevent spreading of infection from diseased to
healthy turkeys in the same building. Also, outside the European Union (EU),
antimicrobial drugs are used as growth promoters.

Uncritical use of antibiotics and disregard of the withdrawal period in tur-
keys, lead to an emergence of antimicrobial drugs residues in meat. Regarding
humans, the presence of antimicrobial drugs residues in meat leads to: allergic
reactions; toxic, teratogenic and mutagenic effects; resistance of pathogenic
bacteria and reducing the therapeutic effect of antimicrobial drugs; disorder
of saprophytic intestinal flora and other things. The aim of this study was to
investigate the importance of the legislation regarding the process of testing the
presence of Salmonella spp. in turkeys for slaughter and forensic investigation
of the presence of antimicrobial drugs residues in turkey meat.

MATERIAL AND METHODS
Testing on the farm

At a small turkey fattening farm with capacity of 600 animals in Vojvodina,
the fattening was conducted in the period from September to December, 2013.
Raising turkeys is performed using the floor system with deep litter of straw,
which is added occasionally and the cleaning is carried out at the end of fat-
tening period. Small turkeys, 3—4 weeks old and weighing 750-850 grams, are
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brought to the facility. After 90 days of fattening, when female animals weigh
11 kg and male animals 17 kg, turkeys are sent to slaughter.

In accordance with the Law on Veterinary Matters [SI. glasnik RS, 30/10,
¢l. 93] animals in transport must be accompanied by the Animal health state
certificate issued by the competent veterinary organization according to the
Program of measures, and based on the evidence of the preventive measures and
diagnostic trials performed. According to the Ordinance Establishing Programs
of Animal Health Protection Measures for 2013 [SL. glasnik RS, 91/13], turkeys
intended for slaughter must be free of Salmonella spp., and a finding must not
be older than 14 days.

Owner of turkeys filed a request for the issuance of the Animal health
state certificate. Two pooled faecal samples were collected on the farm from
the turkeys and were sent to the relevant institution for analysis. The test was
performed using ISO 6579:2002 [ISO 2002].

After 6 days positive results were received, which revealed the presence
of Salmonella spp. in the faeces of turkeys. Antibogram was performed on the
isolated Salmonella spp. and the appropriate antimicrobial drug therapy with
enrofloxacin was recommended. After the therapy was implemented and the
prescribed 7 days withdrawal period was over, re-sampled faeces of turkeys was
sent for analysis. The results were negative, i.e. Salmonella spp. was not identi-
fied in the faeces of turkeys and the Animal health state certificate was issued.

Immediately after the turkeys were slaughtered, a suspicion was raised that
the owner of the animals had not complied with the withdrawal period regarding
the applied antimicrobial drugs (7 days), i.e. he used it for longer period of time
than recommended, and thus shortened the period between the cessation of the
use of antimicrobial drugs and the moment of sending turkeys to slaughtering.

Investigation in a slaughterhouse

Three samples of liver, kidney and fat tissue, were taken from the slaugh-
tered turkeys and were sent for analysis for the presence of antimicrobial
drugs residues. Sampling and testing was performed in accordance with the
Ordinance determining the program of systematic tracking of the residues of
pharmacological, hormonal and other harmful substances in animals, products
of animal origin, food of animal origin and animal feed [S/. glasnik RS, 91/09].
The presence of residues of antibiotics was determined using five plates [Gaudin
etal., 2010].

RESULTS AND DISCUSSION

Both tested pooled samples of faeces were positive for Sa/monella spp. The
incidence of Salmonella spp. in turkeys has been investigated in recent years
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around the world [Antunes et al., 2003; Arsenault ef al., 2007; Cetinkaya et al.,
2008; Fearnley et al., 2011; Padungtod and Kaneene 2006] and the results show
that Salmonella spp. is often present in turkeys, as well as in our study. Turkeys
infected with Salmonella spp. represent a source of human infection, and for
this reason mandatory testing of turkeys before slaughter is very important [SI.
glasnik RS, 91/13]. Upon isolation, an antibiogram was performed for both sam-
ples (Table 1) and the drug of choice was enrofloxacine. The 5-days treatment
was recommended, after which two pooled faecal samples were collected again
from turkeys and were examined for the presence of Salmonella spp. The results
obtained were negative, two pooled faecal samples were free from Salmonella
spp., and a competent veterinarian issued the Animal health state certificate.

Table 1. Antimicrobial resistance of Salmonella in two faecal samples from turkeys

Antimicrobial Sample 1 Sample 2
Amoxicillin I I
Ceftriaxone S I
Enrofloxacin S S
Gentamicin I R
Colistin I S
Neomycin R I
Penicillin I S
Streptomycin R R
Tetracycline R I
Doxycycline I R
Flumequin S S

S-sensitive, I — intermediate, R-resistant.

While the turkeys were in the slaughterhouse for slaughtering, suspicions
were raised that the owner of turkeys treated them with antimicrobial drugs just
before the slaughtering, i.e. he did not complied with the withdrawal period. At
that moment, forensic examination was performed in order to identify potential
suspects or the presence of antimicrobial drugs in meat and organs of turkeys.
The samples of liver, kidney and adipose tissue of turkeys were taken immedi-
ately from the slaughtering line in accordance with legislation [SI. glasnik RS,
91/09] and were sent for testing for presence of antimicrobial drugs residues.
The presence of residues of antibiotics was determined using five plates [Gaudin
et al.,2010]. The presence of residues was tested for sulfonamides, amoxicillin,
ampicillin, benzyl penicillin G, ceftriaxone, cloxacillin, dicloxacillin, erythro-
mycin, lincomycin, oxacillin, tylosin, phenicols, quinolones, tetracyclines, and
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aminoglycoside antibiotics. None of the tested antimicrobial drugs were found
in the samples. Widespread use of antimicrobial drugs, especially as prophy-
laxis and growth promoters, leads to resistance of Salmonella spp., and this is
especially important because people get sick from salmonellosis via food-borne
pathogen. Salmonella spp. in the meat is already resistant to most antimicro-
bial drugs, which is particularly acute in developing countries, where there is
a wide and uncontrolled use of antimicrobial drugs [EFSA, 2008; Iossifidou et
al., 2012; Rahimi 2012].

CONCLUSION

Detection of Salmonella spp. in the faeces of turkeys ready for slaughter
confirmed the importance of the legislation regarding the control of health of
animals and humans. Suspicion of the presence of antimicrobial drugs in turkey
meat was eliminated forensically, but overall results from this study indicate the
need for improved farming practice including more hygienic measures and good
animal husbandry practices in order to limit the use of antimicrobial agents.
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3HAYAJ 3AKOHCKE PET'VJIATUBE U ®OPEH3UYKOI
HAJIA3A Y KOHTPOJIM RYPEREI' MECA

Henan Crojanan’, Ormen M. CresanyeBuh', Anekcanyap C. I[Totkomak!,
Wsana H. JlaBunos', Cnobonan b. Kparuh?
'"Vuausepsurer y HoBom Cany, [TossonpuBpennu hakyinTer,
Katenpa 3a BeTepuHapCKy MEIUIINHY,
Tpr Jocureja O6panosuha 8, 21000 Hosu Caxn, Cpouja
2IIIN , Kparuh®, dhapma hypaxa, 24343 T'opwa Poraruia, bauka Tomoina, Cpbuja

PE3UME: L{usb oBOr pama OO je Aa ce UCIHTA 3Ha4Ya] 3aKOHCKE PETyJIaTHBE y KOH-
tponu Salmonella spp. kon hypaka 3a Ki1ame U GOPESH3UYKH HCTPAKHU MPUCYCTBO Pe3naya
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AaHTHUMUKPOOHHUX JickoBa y hypehem mecy. HcnutuBame je ypaljeHo Ha dapmu 3a TOB,
HEIoCpetHO Ipe ucropyky hypaka Ha kiame. Y3era cy /Ba 30MpHa y30pka ¢ereca o
hypaxa u mocnara Ha aHanmsy. O0a y3opka Omna cy mo3utuBHa Ha Salmonella spp. 3a-
UM je ypaljeH anTHOHOTpaM M JIeK u300opa 3a Tepanujy Omo je enpoghrokcayun. Haxon
TpeTMaHa hypaka ca aHTUHMHUKPOOHOM TeparyjoM, TOHOBO Cy TIociaTa Ba 30upHa y30pKa
(erneca Ha aHanM3y U Taja cy o0a Ouiia HeraTuBHA. Aypke Cy Hociare Ha KJambe, 8 UCTOB-
PEMEHO ce IojaBuiia CyMba Jia BIIACHUK HUjE IOIITOBA0 BPEME KapeHLe 3a yIoTpeOsbeH
AQHTUOMOTHK M M3BPLICHO je (POPEH3NYKO UCTPAXKHMBALE MPUCYCTBA PE3naya aHTHOWO-
THKA KOJ 3aKJIaHuX hypaka. Ha muHMju KIama cy y3eTH y3poI jeTpe, Oyopera u MacHOT
TKUBa iypaka M IOCIaTH Ha aHAJM3Y Ha NIPUCYCTBO Pe3Haya aHTHMHKPOOHHX JIEKOBA.
CBH HCITUTHBAHU y30PIH Cy OWIM CIOOOTHH O aHTUMHKPOOHHX JIEKOBA U CyMIba je
on0aucHa. [Ipenopyka je na ce mosehajy OHOCHTYPHOCHE U XUTHjEHCKE Mepe Ha (apmu
u 100pa npousBohauka paxca ca OrpaHMYEHOM yIoTpedOM aHTUMUKPOOHHX Npenapara.
KJbYYHE PEUM: anTuMukpoOHU seK, pesunye, Salmonella spp., hypke
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5.4. The names of the periodicals should be abbreviated according the
instructions in the Bibliographic Guide for Authors and Editors (BIOSIS,
Chemical Abstracts Service, and Engineering Index, Inc.).

5.5. Do not translate references to the language of the article. Write
the names of cited national periodicals in their original, shortened form.
For example, for the reference in Serbian language, put (Sr) at the end of the
reference.

6. Units, names, abbreviations, and formulas

6.1. SI units of measurement (Systéme international d’unités) should be
used but when necessary use other officially accepted units.

6.2. Write the names of living organisms using /falics font style.

6.3. Abbreviated form of a term should be put into parenthesis after the
full name of the term first time it appears in the text.

6.4. Chemical formulas and complex equations should be drawn and
prepared for photographic reproduction.

7. Figures

7.1. Authors may use black-and-white photographs and good quality
drawings.

7.2. A caption with the explanation should be put below each figure.
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8. Tables

8.1. Type tables on separate sheet of papers and enclosed them at the end
of the manuscript.

8.2. Number the tables using Arabic numerals.

8.3. Above each table, write a capture with table explanation.

8.4. On the left margin, indicate the place of the tables in the text.

9. Electronic copy of the article

9.1. After the acceptance of the article, send a CD with final version of
the manuscript and a printed copy to facilitate technical processing of the text.
Articles should be written in Microsoft Word format and sent to the Editorial
office of the Matica Srpska Journal for Natural Sciences, 1 Matica Srpska
Street, 21000 Novi Sad (UredniStvo Zbornika Matice srpske za prirodne
nauke, Matice srpske 1, 21000 Novi Sad).

9.2. Before printing, the manuscripts shall be sent to the authors for the
approval of final version. Corrections of the text prepared for printing should
be restricted to misspelling and printing errors as much as possible. For major
changes of the text, a fee will be charged. Corrected manuscript should be
returned to the Editorial office as soon as possible.

88



YIIVTCTBO AYTOPUMA*
(www.maticasrpska.org.rs)

1. Omire HanoMeHe

1.1 360pHuk Marwrie cpricke 3a mpupojiHe Hayke / Matica Srpska Journal
for Natural Sciences (ckpahenu macnos: Matica Srpska J. Nat. Sci.) 06jaBbyje
OpPHUTHHAJIHE HAy4YHE PAJoBe M IPEINIENHE WIAHKE Ka0 M KpaTka CaolIlTeHha
u3 CcBUX oOnacTu koje oOyxBara HaszuB yaconuca. IIpernennu panoBu ce
o0jaBJbyjy camMO Ha Mo3uB peaakmnuje. PamoBu koju cy Beh o0jaBibeHH Yy
LEJIOCTH WK Y AETIOBUMA WJIH Cy OHYh)eHM ApYroM 4acomucy He MOTY OUTH
npuxBahenn. Yacommc o0jaBibyje 1Ba Opoja roAHIILE.

1.2. IlpuxBatajy ce pyKOIHCH IIMCAaHU Ha CHITIECKOM je3UKy. Je3uk Mopa
OWTH UCTIPaBaH y MOIIE/y FPaMaTHKe U CTUIIA. PyKommic ce T0CTaBsba eIeKTPOH-
CKOM TIOIITOM Kao 1mocebaH ToOKyMeHar Ha ajapecy: vnikolic@maticasrpska.org.
1S, y3 00aBe3Hy MOTIHCaHY M3jaBy ayTopa y BE3H ca IPHjaBOM pajia 3a IITaMITy.

1.3. ITo mpumamy pykomuca, aytop he nobutu mudpy cBor paaa, Kojy
Tpeba yBeK HaBOJUTHU Y /1aJb0]j MPEMUCIH. YPETHUIITBO he 00aBecTUTH ayTo-
pa o mpucriehy pykornuca y poky ol cejaM JJaHa, a 0 MUIILJbEbY pelieH3eHaTa
y POKY Of1 iBa Mecera ox npujema. CBaku paji ce pereH3upa u JIEKTOpPHIILE.

2. [Ipunpema pyxonuca

2.1. Tekct pana nutie ce enekTpoHcku Ha ctpanu A4 (21x29,5 cm), ¢ map-
rMHama of 2,5 cm, yBJlauemheM MPBOT Pea HOBOT Macyca, U pa3MakoMm mely
penoBuMa 1,5. Tekct Tpeba nucatu y dponty Times New Roman cioBuMa BeJn-
ynHe 12 a caxkeTak, KJby4He peuH, pe3uMe U MOJHOXKHE HAllOMEHE CIOBHMA
BennuuHe 10 pt.

2.2. HaBoje ce uMme, cpenme CIOBO U Mpe3UME CBUX ayTopa paja
Kao U Ha3uB ycTaHoBe (0e3 ckpaheHua) y Kojoj Cy ayTOpH 3aIllOCIICHH,
3ajeJHO ca IyHOM IIOIITAaHCKOM aapecoM. Y CIIOKEHHM OpraHu3alujama
HaBOAM C€ yKyIHa xujepapxuja (Ha mpumep: YHusep3urer y Hosom Cany,
[Ipuponnomaremarnuku Qaxynrer — [lenaprman 3a OUOIOTH]Y U €KOJIOTH]Y).
MecTo 3anociema HaBOAU C€ HEMOCPEIHO UCHOoA nMeHa ayTtopa. DyHkiuje
U 3Bama ayTopa ceé He HaBojie. AKO je ayTopa BHILE, MOpa ce, MOCeOHUM
O3HaKama, Ha3HAYUTH U3 KOj€ O]l HaBEJCHHWX YCTaHOBA IOTHYE CBAaKH Off
HaBeJleHUX ayTopa. KoHTakT ajpeca ayTopa (IOIITaHCKA MM €JIEKTPOHCKA)
Jlaje ce y HallOMEHH IpH JHY NpBE CTPaHULE WiaHKa. AKO je ayTopa BHILE,
Jlaje ce caMo aapeca jeHor, OOMYHO TIPBOT ayTopa.

2.3. Pykonuc opuruHaIHOT HayqHOT paja Tpeda mogenuTn Ha: Caxerak,
Kmbyune peun, YBoa, Marepujan unu Meron wnm Matepujan U MeTO[,

* Opo ymyTcTBO Baxku ox1 2012. roguue ox Opoja wacomuca 122.

89



Pesynraru nim Pesynratu u nuckycuja, /luckycuja, 3akpydak, Jlureparypa,
Caxerak u Kipyune peun Ha CPIICKOM je3UKy U 3aXBaJHOCT (YKOJIHUKO 3a TO
MoCTOju notpeda). OpUrnHaNIHU HayYHHU PaJoBH He cMejy OuTu ayxu ox 10
CTpaHa, ykJbydyjyhu aureparypy, Taberne, JereHie 1 CiIuKe.

2.4. HacnoB pana tpeba ga Oyme I/IH(bopMaTI/IBaH, aJIi He AYXKH OJT JIeCET
peun. Y MHTEpecy je 4acoluca U ayTopa Ja ce KOPUCTE pPedr NMPHUKIATHE 3a
WH/ICKCUPAHE U TIPETPAKHUBAE.

2.5. Aytopu Tpeba na moctaBe M TeKyhu HAclloB Koju Tpeda J1a caapiKu
Mpe3uMe W WHUIFjaie MpBOT ayTopa (aKko je ayropa BHINE, MPEOCTAIN Ce
o3HauaBajy ca “et al.”’) u HacyoOB paaa y ckpaheHoMm OOJMKY, HE BHIIIE OJT MET
peun.

2.6. 3a xJpyuHE peun Tpeda KOPUCTUTH TEPMUHE WK (Ppase Koje HajooIhe
OIUCYjy CajipKaj WiaHKa 3a NoTpede MHAEKCUpama U IpeTpaxuBama. bpoj
KJbyYHUX peun He Moke Omtm Behu on 10. Tpeba ux HaBecTH aleleAHUM
PEeIoM M OJIBOJUTH 3ape3nmMa.

2.7. ATICTpaKT Ha EHITIECKOM U PEe3MMe Ha CPIICKOM Tpeda J1a MpeIcTaBIbha-
Jy Kparak nuH(pOPMATHBHH IPUKA3 WiIaHKA. ATICTPAKT y 3aBUCHOCTH OJ] JTy)KHHE
ynanka Tpebda na nma ox 100 mo 250 peun. Pesume Ha CPIICKOM je3UKY MOXKE
outu 1o 1/10 nyxune ynaHka u Tpeda aa caJp Ky HACJIOB pajia, UMEHa ayTopa,
CpeIhe CIOBO M MIPE3UMEHa, Ha3UB U MECTO y KOjuMa Cy ayTOpH 3aroCIeHH
U KJbYYHE PCYUH.

2.8. Iogarke o ¢uHaHCcHjcko] moMohu, caBeTMMa M JPYrUM BpCTaMa
nmoMohu, yKOIMKo 3a TO TocToju morpeba, Tpeba HaBeCTH Ha Kpajy paja,
I0J] HACJIOBOM 3aXBAaJHOCT. Y 3aXBaJHHUIM 3a (PUHAHCHjCKY ToMoh Tpe6a
HABECTH Ha3UB U OPOj IPOjEeKTa, OAHOCHO HA3HB NPOrpamMa y OKBHUPY KOjer je
YJIlaHaK HACTA0, Kao M Ha3MB MHCTUTYIH]jE Koja je pruHaHCcHpalia mpojeKaT Win
nporpaM. Y ciydajy APYrHX BuaoBa momohu Tpeba HaBECTH UMeE, Cpelihe
CJIOBO U Ipe3UMe, YCTAaHOBY U CEAMIITE JIMIA KOj€ je MpPYy’Kalo HOMoh, a aKo
je momoh mpy»kasia yCTaHOBa ITyH Ha3UB H apECY.

3. Ilpernenuu paa Tpeba na caapxu: Anctpakt, Kibydne peun, 3akibydax,
Jluteparypy, kao u Pezume u KibyuHe peuu Ha cprickoM. [Ipernennu pagosu
He cMejy ouTu tyku ot 12 crpaHa, ykibyuyjyhu Iuteparypy, Tabene, ierenie
U CIIUKE.

4. Kparko caoriuTeme ce MUllie Mo YIIyTCTBUMA 33 OpUTHHAJIAH HAyYHHU
pan, anu He cMme Aa Oyze ayke of] S5 cTpaHa.

5. Jluteparypa
5.1. JluteparypHe HaBojie Tpeda CIOXKUTH a0eIeTHUM peIoM Ha cienehu
HaAYMH:

(a) Ynmanmm u3 gaconmca: [Ipesume CD, Ilpesume SP (2009): Hazus pana.
Nwme gaconuca (ckpahenu obnuk) 135: 122-129.

(0) [lornassba y kwu3u: Ilpesume ED, Ilpesume AS, IIpesume, 1P (2011):
Hacnos mmutupanor aena y kwusu. In: [pesume CA, [Ipesume IF (eds.),
Hazus xmwure, Boin. 4, U3nasay, I'pax, 224-256.
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(B8) Kmure: IIpesume VG, [Ipesume CS (2009): HacnoB mutupane Kmbure.
Wznasauy, ['pan.

(r) HQucepranwuje: [Ipezume VA (2009): Ha3us te3e. JlokTopcka aucepranuja,
Yuusepaurert, [pan.

(1) HeoGjaBspenu pagosu: HaBon ,,y mrammn™ Tpeba 1a ce OJHOCH caMo Ha
panose npuxBahene 3a mrammy. HeoOjaBJbeHN paJioBU: IUTHPATH Kao Ja
ce paau 0 00jaBJLEHOM Pajly OCHM IITO CE YMECTO BOJlyMEHA YacoIuca u
Opoja cTpaHa HaBOIH ,,y IITAMITA .

(h) PamoBu caommreHy Ha HAyYHUM CKYIIOBMMA IITAMIIAHU y LETUHHU WU
y u3Boay: Ilpesume FR. (2011): 360pnux, Ha3us ckyna, Opranuszarop
ckyna, Mecto onpxkaBama, Jpxkasa, 24-29.

(e) EnexrpoHcku u3BOpH:

World Wide Web Sites and Other Electronic Sources
Author last name, Author initial. (Date of publication or revision). Title,
In: source in Italics, Date of access, Available from: <Available URL>

Use n.d. (no date) where no publication date is available.
Where no author is available, transfer the organisation behind the website,
or the title, to the author space.

5.2. Pedepenue y TekcTy Tpeba na yKibyde Hpe3HMe ayTopa U TOLHHY
n3ama. AKo UMa JiBa ayTopa, Tpeba HaBeCTH 00O0juILy, ay Clly4ajy TpH WU
BHUIIIE ayTOpa Tpeba HaBEeCTH MPBOT ayTopa W Ha3HA4MTH “‘et al.”

5.3. Ako ce HaBOJE /1Ba WJIM BMILE PajoBa UCTOr WIJIM UCTUX ayTopa,
00jaBJbEHUX Yy MCTOj TOAMHU, MOTPEOHO j€ Y TEKCTY M CIHCKY JIUTepaType
CTaBUTH a, 0, 11, UT/. W32 TOINHE 00jaBJbUBAbA.

5.4. Umena yaconuca tpeba ckpahusatu npema “Bibliographic Guide for
Authors and Editors” (BIOSIS, Chemical Abstracts Service and Engineerings
Index, Inc., ).

5.5. Pedepenue ce He mnpeBoie Ha jesuk paja. HacmoBu murupaHnx
pomahux 9acomuca najy ce y OpHIHHAIHOM, CKpaheHoM oOmmky. Ako je
pedepeHIia HIIp. Ha CPIICKOM jE3UKY Ha Kpajy ce cTaBH (Sr).

6. Jenuuue, MeHa, ckpaheruie u popmyie

6.1. Tpe6a xopuctutu SI o3Hake 3a jeaunune (SI Systeme International
d’Un.); u3y3eTHO ce MOT'y KOPUCTUTH U IpyTe 3BAHUYHO MprxBaheHe jeTiHHIIE.

6.2. Ha3uBe *MBHX OpraHn3ama Ha JaTHHCKOM Tpe0a IMHCcaTH UTATUKOM.

6.3. Ilpu xopumrhemwy ckpaheHuia y TeKCTy, IyH T€pPMUH TpeOa HaBeCTH
IIPUIMKOM NIPBOT CIIOMHbaha, & CKPaheHUILy J0AaTh y 3arpaju.

6.4. Xemujcke CTpyKTypHE (OpMyZie M CIIOKEHE jeJAHauuHe Tpeda
HaI[PTaTH U MPUIIPEMUTH 3a (poTorpadcKy pernpomayKIujy.

7. Unyctpanuje

7.1. 3a umycTparmje Mory ce KOpUCTUTH IpHO Oerne (hotorpaduje u upre-
KU TOOPOT KBaJHUTETA.
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7.2. CBaka mimycTtpanuja Tpeda ga nMa TeKcT (JIeTeHy ) Koju o0janimaBa
cajapkaj mpuiiora (KUCIo/ CIIHKE).

8. Tabene

8.1. Tabene Tpeba KymaTu Ha OJJBOJCHUM CTpAaHHUIIAMA M TIPUIIOKHATH UX
Ha Kpajy paja.

8.2. Tabesne ce 03Ha4YaBajy apanckuM OpojeBUMa.

8.3. Cpaka Tabenma TpeOa ma MOYHE HACIOBOM KOjU oOjanimaBa HhEH
cazipkaj (n3Haj Taberne).

8.4. Mecra tabena y TekcTy Tpeba 03HAUYUTH Ha JICBO] MAPTHHH.

9. Kommja pana y esnekTpoHckoj popmu

9.1. TTocne mpuxBarama pana norpedHo je nocraButu CD ca koHAYHOM
Bep3ujoM paja. [Ipunoxutu u jeqHy Komujy OAIITaMIaHOT paja pau JIaKIne
TeXHUUKe oOpaze. Pykonuc Tpeba cnaru Ha agpecy: YpeaqHumTBo 300pHHUKA
Marunne cprncke 3a NpupoaHe Hayke, MaTtuna cpricka, Yi. Maruie cprcke,
21000 Hosu Can. Pyxonucu ce maspy y Word gopmary.

9.2. Ilpe ymacka paja y WTamily ayTopuma ce J0CTaBjba PyKOIHC 3a KO-
HavyHy peBu3mjy. Vcnpapibame TEKCTa MPUIPEMIBEHOT 3a ITaMITy Tpeba orpa-
HUYHUTH Ha IITaMIIapcKe Tpelike. 3HauajHe mpoMene Tekcta he ce HarahuBary.
KopuroBanu tekct Tpeba Bparuti YpeqHUINTBY y Hajkpahem moryhem poxky.
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