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NAPHTHENIC ACIDS — ALTERNATIVE ROOTING
STIMULATORS IN BLACK LOCUST MICROSHOOTS

ABSTRACT: The study describes the rooting effect of naphthenates and their
fractions on in vitro grown Robinia pseudoacacia L. shoots. Natural naphthenic
acids have been isolated by alkaline extraction from middle fraction of crude oil
type “Velebit” from Vojvodina, characterized and fractionated. Black locust shoot
bases were immersed in ACM medium [Ahuja, 1984] without agar supplemented
with either 10, 50 or 100 uM of basic naphthenate preparation, naphthenate frac-
tions obtained by extraction at different pHs (pH 2, pH 4, pH 7 and pH 9), or indole-
3-butyric acid (IBA). Treated shoots have been then grown on hormone-free me-
dium for four weeks. Significant differences among test treatments were recorded
during the third and the fourth week of in vitro cultivation. Final evaluation was
performed on the basis of rooting percentage after four weeks of cultivation. The
highest rooting percentage (>70%) was achieved after the treatment with solution
containing 50 uM of IBA. However, treatment with 10 pM of naphthenate prepara-
tion achieved also positive effect on rooting (>60%). Average rooting percentage in
the control treatment was just 45%. Our results with black locust confirm previous
results gained with some other agricultural and forest tree species that naphthenates
have the potential to stimulate rooting in shoots and cuttings.

KEYWORDS: naphthenates, micropropagation, rooting stimulators, Robinia
pseudoacacia

* Corresponding author E-mail: branek@uns.ac.rs



INTRODUCTION

Naphthenic acids represent a complex mixture of cycloalkyl and
alkylcarboxylic acids that are found in raw oil, and could contain more than
3000 compounds [Qian and Robbins, 2001; Clemente and Fedorak, 2005].
These compounds exhibited a certain biological activity with respect to uptake
of various ions [KevreSan et al., 2005a], as well as an activity similar to auxin
[Cirin Novta et al., 2002]. Naphthenic acids from this oil fraction stimulate
rooting of sunflower cuttings [Kevresan et al., 2003a], poplar hardwood
cuttings [Kevresan et al., 2003b] and softwood cuttings of Thuja occidentalis
L. [Kevresan et al., 2006]. Naphthenate treatment influenced the rooting of black
locust genotype shoots in vitro [Kevresan et al., 2005b] and caused biochemical
changes in softwood cuttings of Robinia pseudoacacia [Kevresan et al., 2007].

The aim of this work was to determine if naphthenates could be used as
alternative rooting stimulators for black locust shoots.

MATERIAL AND METHODS

Total preparations of naphthenic acids were isolated by alkaline extraction
from the middle gas fraction of crude oil type “Velebit” (Autonomous Province
of Vojvodina, Republic of Serbia) and characterized by physico-chemical
methods, as described earlier [Cirin Novta et al., 2002]. Preparations of total
naphthenic acids were fractionated according to acid ionization constants. The
naphthenic acids were dissolved in a 5% solution of NaOH at pH 11, the pH
was subsequently decreased by H,SO,, and at different pHs (pH 2, pH 4, pH
7 and pH 9); undissolved naphthenic acids were obtained by extraction with
petroleum ether. In all experiments the sodium salt of naphthenic acids (sodium
naphthenate) was used.

The genotype of Robinia pseudoacacia with fastigiata tree form was used
in the experiment. The basis of 1.5-2.0 cm long shoot was immersed for one
minute in solution prepared as ACM — medium without agar, supplemented with
either 10, 50 or 100 uM of basic naphthenate preparation; naphthenate fractions
obtained by extraction at different pHs (pH 2, pH 4, pH 7 and pH 9) or indole-
3-butyric acid (IBA). Treated shoots were then grown in hormone-free ACM
medium (Ahuja, 1984) for four weeks. Treatments are presented in Table 1. In
control treatment shoots were immersed in hormone-free ACM medium. Five
shoots were placed per jar and five jars were set per treatment. The rooting was
analyzed on the basis of average number of roots per shoot (RN) and percentage
of rooted shoots (RP [%]) one, two, three and four weeks after the treatment.
Statistical analysis included ANOVA and LSD-test. The percentage of rooted
shoots (RP) was transformed by arcsine transformation. Statistical program
package STATISTICA 12 was used [StatSoft Inc., 2012].
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Table 1. Test treatments applied to shoots of Robinia pseudoacacia in vitro

Treatment Total Fraction of total Indol-butiric Concentratipn
solution naphthenates napthenates acid of tested active
obtained at substance (UM)
na-tot-10 + 10
na-tot-50 + 50
na-tot-100 + 100
na-pH2-10 pH2 10
na-pH2-50 pH2 50
na-pH2-100 pH2 100
na-pH4-10 pH4 10
na-pH4-50 pH4 50
na-pH4-100 pH4 100
na-pH7-10 pH7 10
na-pH7-50 pH7 50
na-pH7-100 pH7 100
na-pH9-10 pHO9 10
na-pH9-50 pHO9 50
na-pH9-100 pHO9 100
IBA-10 + 10
IBA-50 + 50
IBA-100 + 100
IBA-1g + 4921.26
Control
RESULTS AND DISCUSSION

Characterization of total preparation of naphthenic acids showed the
presence of five classes of carboxylic acids with different content in total
acid mixture (% mass): aliphatic C H, O, (2%), monocyclic C H, O, (21%),
bicyclic C H, 0O, (42%), tricyclic C H, O, (28%) and tetracyclic C H, O,
(6%). The average molecular mass of naphthenic acids was determined to be
262, and this value was used to prepare solutions for rooting experiments.

In all test fractions, at least one of the concentrations had stimulative effect
on rooting of black locust shoots (Figure 1). The results of analysis of variance
indicated significant differences among test treatments: for number of roots per
explant in the third and for the percentage of rooted shoots in the third and the
fourth week (Table 2). The best results were obtained in the treatment with 50
uM IBA (IBA-50). Only after the treatment na-pH9-100 (100 uM of fraction
extracted on pH 9) the percentage of rooting was not significantly different from
RP on the best treatment with IBA (58% and 64%, respectively). However,
almost every fraction, except fraction obtained at pH 2, achieved stimulative
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effect on rooting percentage comparing to control treatment in at least one test
concentration. Stimulative effect of naphthenates total preparation on rooting
is in agreement with the results of Kevresan et al. [2003a] and Kevresan et al.
[2005b]. Rooting activity of test fractions of total preparation of naphtenates,
with its different values depending on concentrations, suggests the presence of
numerous active substances in the total preparation of naphtenates and their
presence in all test fractions. It is especially obvious for the fraction obtained at
pH 9 that at concentration of 10 uM it achieved inhibited and at concentration
of 100 pM stimulated rooting of black locust shoots.

100
90
80
70
60 1
50 1
40 1
30 1
20 1

Rooting percentage (%)

Control ‘

na-tot-10
na-tot-50
na-tot-100
na-pH2-10
na-pH2-50 |
na-pH2-100 |
na-pH4-10 |
na-pH4-50 |
na-pH4-100
na-pH7-10
na-pH7-50 |
na-pH7-100 |
na-pH9-10
na-pH9-50
na-pH9-100
IBA-10
IBA-50
IBA-100 |
IBA-1g |

Figure 1. Rooting percentage of black locust (Robinia pseudoacacia) four weeks after
the treatment with test solutions

Labels of treatments: explained in Tab 1.

Colors of columns: Dotted columns — treatments whose effect was significantly worse than
the effect of control treatment; White columns — treatments whose effect was not significantly
different from the effect of control treatment, but also significantly worse than the effect of
the best IBA-treatment (IBA-50); Grey columns — treatments whose effect was significantly
better than the effect of control treatment; Black columns — treatments whose effect was not
significantly different from the effect of the best IBA-treatment (IBA-50)

The basis of stimulatory effect of naphthenic acids on rooting is not
completely understood [Wort, 1976; Clemente and Fedorak, 2005]. Severson
[1972] concluded that potassium-naphthenates stimulated the glucose uptake
by root tips of bean plants, while Kevresan et al. [2005a] showed that low
concentrations of Na-naphthenates influence the uptake of some metal ions by
soybean plants. Loh and Severson [1975] found that one-day treatment with
potassium naphthenates had stimulative effect on the activity the indolacetic
acid oxidase, one of the key enzymes in the process of initiation and activation
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of root primordia. Cirin-Novta et al. [2002] found auxinic effect of naphthenic
acids, while Kevresan et al. [2007] found their stimulative rooting potential in
Robinia pseudoacacia softwood cuttings, on the bases of biochemical indicators
of root initiation (activity of IAA-oxidases, peroxidases and amylases and
content of glucose). However, the effect of naphthenats on some other important
processes that influence rooting, like phenol-peroxidases activity and indolacetic
acid conjugation, as well as their influence on ethylene synthesis is still poorly
examined.

Treatments with 100 uM of total preparation of napthenates and test
fractions (except fraction obtained at pH 9) usually failed to achieve stimulative
effect on rooting of tested black locust genotype in vitro. Kevresan et al.
[2003a] observed inhibitory effect of high concentrations of Na-naphthenates
on rooting of sunflower green cuttings. Also, the inhibitory and toxic effect of
higher concentrations of naphthenic acids is a well-known ecological problem
[Clemente and Fedorak, 2005].

Table 2. Analysis of variance for test treatments applied to shoots of Robinia pseudoacacia

Number of roots Percentage of rooted shoots
Iweek 2" week 3"week 4"week 1"week 2Yweek  3“week 4" week
Degree of freedom

Treatment 19 19 19 19 19 19 19 19
Error 80 80 80 80 80 80 80 80
Total 99 99 99 99 99 99 99 99

Sum of squares

Treatment  0.572  0.591 0.677 0.454 9451.69 8008.60 10574.69 6047.62
Error 1.827  1.801 1.626 1.495 29711.85 21647.01 15932.69 9191.38
Total 2399 2392 2303 1.948 39163.55 29655.61 26507.39 15239
Mean square

Treatment ~ 0.030  0.031 0.036 0.024 49746  421.51 556.56 318.30
Error 0.023  0.023 0.020 0.019 37140 270.59 199.16 114.89
F-test 1.318 1382 1.754" 1.277 1.339 1.558  2.795™ 2.770"
p-value 0.196  0.160 0.044 0.222 0.183 0.089  0.0007 0.0008

CONCLUSION

Our results confirm the possibility of rooting stimulation by naphthenic
acids in black locust. The best results we obtained in Robinia pseudoacacia with
treatment na-pH9-100. The rooting was significantly better than in the control
treatment and at the level of the effect of the best IBA treatment (IBA-50). This
suggests high potential for implementation of napthenates in rooting of Robinia
pseudoacacia, which should be tested in the future.
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PE3VUME: Pan omnmcyje edexar HadTeHata Ha OXHMIbaBamke MHKpPOM300jaxa
Oarpema in vitro. HapTeHCKe KHCennHe Cy M30I0BaHe 0a3HOM EKCTPAKITH]jOM U3 CPEIibe
¢paknuje cupose HadTe THIIA ,,BeneOuT™, K0ja je omrcana y paHUjuM pagoBuMa. Jlomu
JIeo MUKpoH300jKa je ypomeH jenad MuHyT y Teunu ACM menunjym [Ahuja, 1984] y koju
je momaro 10, 50 wiam 100 UM ocHOBHe MemiaBMHE HaTpujyM-Ha(TEeHaTa WM HEHUX
nojeiMHuX (paknuja 1o0MjeHux excTpakuujom Ha pasnumuutuMm pH (pH 2, pH 4, pH
7 wim pH 9), omrocro 10, 50, 100 uM wmm 1g/l uanon-3-Oyrepue kucenmae (IBA).
KonTtpoman tperman je unano ACM mennjym 0e3 MCITUTHBaHUX aKTHBHUX MaTepHja.
Tpetupann muxponsz0ojun cy 3aTtuM TajeHu Ha uBpctoj ACM mommo3u 6e3 XOpMoHa.
3HauajHe pasiuke Mel)y UCnUTHBAHMM TpeTMaHUMa Cy 3a0enekeHe TOokoM Tpehe u
4eTBpTe HeAesbe y3roja y in vitro ycinoBuMa. KoHauHa oneHa je U3BEAEHA Ha OCHOBY
IIPOLICHTA O’KUJbaBarha HAKOH YETHPH Hezlesbe y3roja. HajBuim nporeHar oxxusbaBama je
MOCTHTHYT pacTBOpoM ca 10 uM HaTpujym HadTeHaTa, HAKOH Yera je OCTBapeH 3Ha4yajaH
MTO3UTHBAH e(eKaT Ha MPOLEHAT OKnIbaBama (>60%) y o1HOCY Ha KOHTPOJIHH TPETMaH
(oxo 45%). Pesynraru 10 Kojux cMo Jouutk Kox Oarpema moTBplyjy paHuje pesynrare
KOjU Cy JI00MjeHM KO TIOJOIPUBPEIHUX U HIYMCKUX JPBEHACTHX BPCTa 0 MOrYhHOCTH
CTHMYJIAlMje O’KHJbaBarba MUKPON300jaka M PE3HUIIA COIMMA HA)TECHCKUX KUCEIHHA.

KJbYYUYHE PEYU: nadrenarn, MUKpon300jii, CTUMYJIATOPH OKUBJbaBamba, Robi-
nia pseudoacacia

13






30opuuk Marure cpricke 3a nmpuponase Hayke / Jour. Nat. Sci, Matica Srpska Novi Sad,
Ne 126, 15—23, 2014

UDC 633.1:546.74
DOI: 10.2298/ZMSPN1426015P

Marina I. PUTNIK-DELIC™, Ivana V. MAKSIMOVIC',
Ivana GANI-NOVAKO VICY, Tijana ZEREMSKI?,
Ana MARJANOVIC-JEROMELA?
"University of Novi Sad, Faculty of Agriculture,
Trg Dositeja Obradovica 8, 21000 Novi Sad, Republic of Serbia

Institute of Field and Vegetable Crops,
Maksima Gorkog 30, 21000 Novi Sad, Republic of Serbia

THE EFFECT OF Ni ON CONCENTRATION
OF THE MOST ABUNDANT ESSENTIAL
CATIONS IN SEVERAL BRASSICA SPECIES

ABSTRACT: Some plants from the genus Brassica have the ability to tolerate
excessive concentrations of heavy metals, including Ni. Considering the fact that
Ni is a very toxic element for living beings we wanted to examine its influence on
some species from genus Brassicaceae. The aim of this study was to investigate the
effect of Ni on distribution and accumulation of essential macronutrients from the
standpoint of food quality and phytoremediation potential. Experiments were per-
formed using winter (W) and spring (S) varieties of rapeseed (Brassica napus, L.),
white mustard (Brassica alba, L.), black mustard (Brassica nigra, L.) and turnip
(Brassica rapa, L.). The seeds were exposed to 10 uM Ni from the beginning of
germination. Plants were grown in water cultures, in semi-controlled conditions of
a greenhouse, on ' strength Hoagland solution to which was added Ni in the same
concentration as during germination. Concentrations and distribution of Ca, Mg,
K in leaf and stem were altered in the presence of increased concentration of Ni.
Significant differences were found between the control and Ni-treated plants as well
as among the genotypes.

KEYWORDS: excess nickel (Ni), Brassicaceae, concentration of magnesium
(Mg), calcium (Ca), potassium (K)

* Corresponding author: E-mail: putnikdelic@polj.uns.ac.rs
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INTRODUCTION

Nickel (Ni) is a heavy metal that can be present in excessive amounts in
the soil and it is one of the most toxic elements for plants, if present in excessive
concentration [Rabie ef al., 1992]. The main sources of agricultural soil
contamination with Ni are contaminated compost and sewage sludge. Inadequate
disposal of waste from households, municipalities and industries may increase
the concentration of Ni in the soil even more [Alloway, 1995]. This metal is very
toxic for humans and animals and it can enter food chain mainly through the
food of plant origin [Nellessen and Fletcher, 1993; Guo and Marschner, 1995].
It is important to prevent the accumulation of Ni in edible plant parts. Some
plant species are tolerant to Ni toxicity, and the accumulation of a large amount
of Ni in their shoots produces no adverse effects. That is the reason why the
plant species/genotypes suitable for phytoremediation of Ni-contaminated sites
should be found. This is the most appropriate way to reduce Ni concentration
in mildly contaminated soils [Salt ez al., 1995]. The ability of plants to tolerate
excessive concentrations of heavy metals, including Ni, depends, among the other
features, on their ability to synthesize sulfur containing compounds. Plants from
the genus Brassica are among them. Moreover, they are important agricultural
crops. Black and white mustard are grown for seeds that are used as spices. Oil of
black mustard has strong antibacterial activity and white mustard is also used as
feed and green manure. Rapeseed and turnip are important oil crops and are often
used as the first spring and the last autumn green feed [Eri€ ez al., 2006]. They are
also very important for the production of honey [Blazyté-Cereskiené et al., 2010].
Contamination of fields with heavy metals is generally present during the entire
vegetation. With respect to this, we studied the effect of continious presence of
Ni on chemical composition of winter and spring varieties of rapeseed (Brassica
napus L.), white mustard (Brassica alba L.), black mustard (Brassica nigra L.)
and turnip (Brassica rapa L.).

MATERIAL AND METHODS

To test the Ni accumulation capacity and Ni impact on different species
belonging to the family Brassicaceae, the experiments were performed
under semi-controlled conditions using plants grown in water cultures in the
glasshouse. Winter (W) and spring (S) varieties of rapeseed (Brassica napus,
L.), white mustard (Brassica alba, L.), black mustard (Brassica nigra, L.) and
turnip (Brassica rapa, L.) were used in the experiment.

Plant growth

Before sowing, seeds were kept for 24 h in deionized water (control) and
in 10 uM Ni (as NiSO,) dissolved in deionized water. Seeds were germinated
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in the quartz sand, in an incubator, at 26 °C. Seedlings were planted in pots
containing % strength Hoagland nutrient solution [Hoagland and Arnon, 1950]
(control) to which was added Ni to final concentration of 10 uM. Each treat-
ment was set in 5 replications with 8 plants per replication. Nutrient solution
was changed every other day and aerated regularly. Plants were grown for 30
days under semi-controlled conditions.

Plant analyses

Concentrations of K, Ca, Mg, and Ni were determined by atomic absorption
spectrophotometry (AAS SHIMADZU AA-6300), after ashing plant material
at t = 500 °C and dissolving it in deionized hot water in the presence of 0.25
M HCI.

Statistical analysis

Statistical analysis was performed using STATISTICA 12.0 [StatSoft,
University Licence, University of Novi Sad, 2012] and Excell (Microsoft
Inc.) software packages. Means of replicates and evaluation of significance of

differences between means were determinated with descriptive statistics and
ANOVA analysis, followed by LSD post hoc test (0=0.05).

RESULTS AND DISCUSSION

All analysed genotypes accumulate Ni in the above-ground parts, esspe-
cialy in the leaves (Figure 1). The biggest concentration of Ni, both in leaf
and in stem, was in B. napus S, with 67.75 times increase in concentration
compared with the control group, and 92.5 times in stem in comparision with
the respective control group.

271 535 5% ® control leaf
_ i(q)O g 250 226 =~ ONi leaf
S 250 | . - O control stem
a 200 + ] L6l ONi stem
g 150 7 : :
= 1@
& 100 s
z 50 4l bl 3l el 3 3
0 — — -

B. napus B.napus B.alba B.nigra B.rapa
S w

Genotypes

Figure 1. Concentration of Ni in leaves and stems of 5 genotypes belonging to the fam. Bras-
sicaceae grown in the presence of 10 uM Ni.
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Genetically, metal accumulation is independent of metal tolerance (Assun
et al. 2006). Therefore, it is not possible to conclude that a plant with an increased
metal concentration in leaves is also tolerant to that metal. Metal concentration
in leaves per se can only be taken as an indication of a plant’s potential tolerance
to that metal, but not as evidence of tolerance itself [Ernst, 2006].

A certain number of plants belonging to the family Brassicaceae
have hyperaccumulative properties [Lagercrantz et al., 1998; Paterson et al.,
2001]. For this reason, a large number of studies focused on the possibility
of using plants from this family for phytoremediation [Zeremski, 2011].
Angelova et al. [2008] experimentally found potential of Brassica napus for
phytoremediation of soils contaminated by Pb and Cd. The ability of Bras-
sica juncea to accumulate a high concentration of Cd in shoot was often the
research subject in the last ten years [Banuelos, et al., 2005; Ghosh and Singh,
2005]. Because of that, the analysis of the effects of excess Ni on chemical
composition of Brassica napus, L., Brassica alba, L., Brassica nigra, L. and
Brassica rapa, L contributes to an advanced knowledge of species belonging
to the family Brassicaceae.

Statistically significant difference in the concentration of Ca was found
in all analyzed genotypes compared with the controls. Concentration of Ca in
leaves decreased in comparison with the control plants, while concentration
of Ca in stem increased in comparison with the control plants (Figure 2).
Compared with the controls, B. alba had the highest (147%) concentration in
leaves and the smallest in stem (87%). A similar result was obtained for the Mg
(Figure 4), except that the concentration of Mg in both leaf and stem increased
as a result of treatment. B. alba had the highest concentration of Mg also in
leaf (177%). Like other metals, Ni can displace Mg from chlorophyll and
enzymes such as RuBisCO that contain Mg ion as cofactor [Furini, 2012]. The
results of our previous experiments indicated that concentration of chloroplast
pigments as well as Chl. a/b and Chl. a+b/Car declined significantly in the
presence of Ni [Maksimovi¢ et al., 2011].
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Figure 2. Concentration (%) of Ca in leaves and stems of 5 genotypes belonging to the fam.
Brassicaceae grown in the presence of Ni

Concentration of K varied depending on genotype. It increased in leaf in B.
napus S and B. alba when compared to controls, and in stem it increased just in B.
napus W (Figure 3). The greatest differences were observed in concentration of K
in genotype B. napus W in leaf (125%) and in stem (85%), compared to controls.
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Figure 3. Concentration (%) of K in leaves and stems of 5 genotypes belonging to the fam.
Brassicaceae grown in the presence of Ni
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Figure 4. Concentration (%) of Mg in leaves and stems of 5 genotypes belonging to the fam.
Brassicaceae grown in the presence of Ni

Increase in concentrations of essential elements (not added as a tretament)
may also be explained by severe reduction in fresh and dry weight in the plants
treated with Ni. The reduced growth is typical response of plants to excess Ni
and Cd [Sanita di Topi and Gabbrielli 1999; Sandalio et al. 2001; Moya et al.
1993; Maksimovi¢ et al. 2007].

The presence of Ni in Brassica napus, L., Brassica alba, L., Brassica
nigra, L. and Brassica rapa, L. had a great influence on concentration of
essential macronutrients. The largest changes in concentrations of Ca were in
the presence of Ni when compared to control plants (Figure 2). Minor changes
among the genotypes were also observed for K. Only B. nigra had a statistically
significant difference in the concentration of K in leaf. Statistically significant
difference in stem had B. napus (S) when compared to controls (Figure 3).
There are variations in the response of the genotype to the presence of nickel.

Chen et al. [2009] concluded that the uptake of nutrients was also affected
by Ni excess, and its chemical similarity to Ca, Mg, Fe, Cu, Mn and Zn indicated
that Ni can compete with these minerals in absorption and subsequent utilization.
Toxic levels of Ni may inhibit the absorption of these elements, decrease their
concentration and even lead to their deficiency in plants [Brune and Dietz,
1995]. In the presence of Ni, differences between genotypes were obvious for
Ca and Mg, and especially for K (Figure 2, 3, 4).

Generally, Brassica rapa had the highest concentration of analyzed
elements, and Brassica alba exhibited differences of concentration in comparison
with controls, particularly of Ca and Mg (Figure 2 and 4).
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Accumulation of Ni in the above-ground parts of of these 5 genotypes is
very important because of their use for agricultural purposes, as well as because
of the potential use for the purpose of phytoremediation.

CONCLUSION

Continious presence of 10 pM Ni significantly altered concentration of
Ca, K and Mg. Differences were found between the genotypes. Concentration
of Ca in leaf decreased in plants exposed to treatment. The results for the
concentration of K varied among genotypes, but generally there was a reduction
in concentration due to effects of Ni. The content of Mg increased in all
genotypes tested under excessive Ni.
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E®EKAT Ni HA KOHHEHTPALIMJY HAJ3ACTYIIJBEHUINX
ECEHIIMJAJIHNX KATJOHA ¥V HEKMM BPCTAMA U3 POJA BRASSICA

Mapuna W. [ytauk [denuh', UBana B. Makcumosuh', Bana ['anu-HoBakoBuh', Tujana
3epemckn?, Ana Mapjanosuh-Jepomera’

"Vuausepsuter y HoBom Cany, [TossonpuBpenau hakymrer,
Tpr Hocuteja O6panosuha 8, 21000 Hosu Can, Peryomuka Cpouja
*MIHCTUTYT 3a paTtapcTBO U IIOBPTAPCTBO,
Maxcnma I'opkor 30, 21000 Hosu Can, Perry6nika Cpouja

PE3MME: Heke Ousbke u3 poaa Brassica umajy CrioCOOHOCT TOJICPaHIIH]je MPEKO-
MepHe KOHIIEHTpalKje TeIKnX Merana, ykbydyjyhn u Hukan (Ni). McnutuBame epu-
KaCHOCTH arlCoOpIILHje 1 aKyMyJallije TeIIKAX MeTajla HHTEPECAHTHO je ca CTaHOBHILTA:
1) 6e30emHOCTH XpaHe, W 2) MOTeHIWjana 3a ¢uropemenujanujy. L{uss oBor pana je
JIa ce ucnuTa edexar HUKIA Ha JUCTPHOYIHjYy M aKyMyNalHjy HEKHX EeCCeHIIHjaTHUX
KaTjoHa Kao 1o cy kanuujym (Ca), maruesujym (Mg) u kanujym (K). ExcriepumenTu cy
U3BEJICHU HaJl O3MMOM U japoM yJbaHOM pernuiioM (Brassica napus L.), 6e10M claquiiom
(Brassica alba, L.), upaoM crnauutioM (Brassica nigra L.) 1 KyITlyCHOM YJbaHOM PCITHIIOM
(Brassica rapa L.). Ceme je 6uno uznoxeno yrunajy 10 uM mmkma (Ni) ox mouerka
KJMjamka. buibke cy rajeHe y BOACHHM KyJITypama, Y MOJYKOHTPOIHCAHUM YCJIOBHMA Y
CTaKJICHHKY, Ha 2 XOINIaHI-0BOM XPaHJbBOM PAaCTBOPY, OAHOCHO ITOTITYHOM XPaHJbUBOM
pactBopy y koju je noxar Hukan (Ni) y MCTOj KOHIIEHTpAIMjU Kao U TOKOM KIIHjama.
Canpikaj kanujyma (Ca), maruesujyma (Mg) u kanujyma (K) y mucry u craliy u3MermeH
je y npucyctBy nosehane xonnenrpamuje Hukiaa (Ni). 3HayajHe pas3iMKe YCTaHOBJHCHE
Cy Kako u3Mel)y KOHTpone W TpeTMaHa, Tako M m3Mely reHorunoBa. CBH TeCTHpaHH
TCHOTHUIIOBH MCTIOJBIIIN Cy 3HAa4ajHy CIIOCOOHOCT akymynanuje Hukia (Ni), ¢ THM IITO
je Brassica napus japa ¢opma nmana HajBehe pasiuke y KOHIEHTPAIUjH Y OTHOCY Ha
KoHTpomy (y mucty 67,75 myTta, a 'y cradmy 92,5).

KJbYUHE PEUMU: cyBuiak nukia (Ni), Brassicaceae, KOHIICHTpallja MarHe3ujyma
(Mg), kanujyma (Ca), kanujyma (K)
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EFFECTS OF TEMPERATURE AND TIME
ON DEOXYNIVALENOL (DON) AND
ZEARALENONE (ZON) CONTENT IN CORN

ABSTRACT: Fumonisins are Fusarium mycotoxins that occur in corn and
corn-based foods and they have been implicated in several animal and human dis-
eases. Their effect on human health is unclear, however, fumonisins are considered
to be risk factors for cancer. Baking, frying, and extrusion cooking of corn at high
temperatures (190 °C) reduce fumonisin concentrations in foods, with the amount
of reduction achieved depending on cooking time, temperature, recipe, and other
factors. The aim of this work was to evaluate the effectiveness of temperature (200
and 220 °C) and time (15 and 20 min) on the detoxification of corn flour deliber-
ately contaminated with DON and ZON. After processing at 200°C for 15 min, an
average of 12% and after 20 min an average of 15% of DON was lost. At 200°C
ZON content was reduced by 22% (after 15 min) and by 27% (after 20 min). Higher
temperature (220 °C) did not significantly affect further reduction of DON or ZON
content. The process was only partially effective in both cases.

KEYWORDS: deoxynivalenol, zearalenone, temperature, incubation time.

INTRODUCTION

Fusarium species are widespread in nature, occurring both as facultative
saprophytes and parasites of a variety of plants. They are capable of elaborating
toxins with varying chemical compositions [Bilgrami and Choudhary 1998].
Various Fusarium species can infect cereal crops under different climatic
conditions, the most widely distributed being F. graminearum and F. culmorum.

* Corresponding author E-mail: jaukovicmarko@gmail.com
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Deoxynivalenol (DON) belongs to the trichothecene group of mycotoxins
and is formed by fungi of the genus Fusarium. DON often occurs in plant products
and particularly in cereals. Of the trichothecene mycotoxins, deoxynivalenol,
3-acetyl- and 15-acetyl-deoxynivalenol are the toxins most frequently occurring
in Japan, Korea, China, South East Asia, New Zealand and Europe [Ishii
1983; Yoshizawa 1983; International Programme on Chemical Safety 1990;
International Agency for Research on Cancer 1993; Yamashita et al. 1995;
Lauren et al. 2001]. The toxin concentrations found in wheat, corn or rice are
often in the ppm range. Due to their high cytotoxic and immunosuppressive
properties these toxins pose a risk to human and animal health.

Zearalenone (ZEA) is a non-steroidal oestrogenic mycotoxin that can
occur concomitantly with DON since the two compounds are produced by the
same Fusarium species. ZEA is a phytohormone which displays, apart from
its anabolic properties, mainly estrogenic effects. Because of its estrogenic
properties, zearalenone may induce fertility disorders in animals with clinical
signs of hyperestrogenism — an aspect of disease mainly reported in hogs but
also described in other species such as cows, horses and sheep [JECFA 2002;
Zollner et al. 2002].

With the common occurrence of DON and ZEA, it is important to
understand not only the factors that lead to their occurrence, but also the
management strategies capable of minimizing their impact and occurrence
in food products [JECFA 2002]. Numerous guidelines, ranging from altering
field conditions to adequate storage practices, have been suggested to prevent
mould growth and mycotoxin development in crops [Patey and Gilbert, 1989].
Safe limits of DON in foods ranging from 500 to 2000 ppb have been fixed in
Austria, Canada, Japan, Russia, Switzerland and the USA; France and Romania
regulation limits for ZEA are 200 and 30 ppb respectively [Food and Agriculture
Organization, 1997].

In Serbia safe limits of DON and ZON in foods range from 500 to 1750
ppb and 50 to 350 ppb according to Rulebook on maximum allowed quantities
of residue of plant protection means in food and animal food and on food and
animal feed for which the maximum allowed quantities of plant protection
means are determined [Sluzbeni glasnik RS, 25/2010; 28/2011].

Despite all these efforts, the problem persists. It became necessary to
develop processing methods directed at lowering the co-occurring mycotoxins
to safe levels and design probabilistic models which consider that processing
of raw agricultural commodities may alter the contamination levels in the final
products [JECFA 2002].
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Table 1. Global occurence of DON and ZON in 2009, 2010 and 2011.
(www.mycotoxins.info)

DON ZON
2009 2010 2011 2009 2010 2011

Number of samples tested 2432 2947 3509 2342 2633 3061
Positive (%) 50 58 59 35 42 40
Average (ppb) 831 722 025 221 108 96

Milling studies evaluating wheat naturally contaminated with Fusarium
mycotoxins indicate that the mycotoxins were distributed differentially
throughout the kernel, with relatively higher levels in the dockage, outer bran
fractions, and shorts and lower levels in the inner flour fractions [Scott et al.
1983; Young et al.1984; Lee et al. 1987]. DON levels were not reduced during
the production of Egyptian bread, Westernstyle bread or cookies baked from
hard wheat flour [El-Banna et al. 1983; Scott et al. 1983; 1984].

In contrast, the effect of baking on DON in non-yeast products was reported
as variable, ranging from no effect to 69% reduction [ Young et al. 1984; Abbas
et al. 1985]. Additional studies indicated that during bread baking DON was
reduced by 49 and 57% [Kamimura et al. 1979]. Chemical treatments have been
tested for their effectiveness in reducing DON; in general, better results were
obtained at basic pH [Young 1986; Lauren and Smith 2001].

In corn wet milling, ZEA concentrates in gluten (49-56%) and milling
solubles (17-26%) but not in starch. All dry-milled corn fractions contained ZEA
and only 3-10% were removed by dry cleaning [Scott 1984]. Losses of ZEA
added to wheat flour were 34-40% during bread-making, 48—62% when making
instant noodles, and 16-27% during processing into biscuits. The decomposition
products in bread lacked oestrogenic activity [Matsuura et al. 1981].

The present study was conducted to determine the effects of thermal
treatments on DON and ZEA and it wanted to establish the basis for a
decontamination model of Fusarium mycotoxins in corn.

MATERIAL AND METHODS

Ten naturally contaminated corn samples were purchased from Trilogy
Analytical Laboratory, 870 Vossbrink Dr. Washington, MO63090. Samples
were stored at 4 °C until used. The presence of ZON and DON was studied
by enzyme-linked immunosorbent assay (ELISA) method. To obtain a whole
corn powder, samples were ground to pass through 0.5 mm mesh; the remaining
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fraction was ground consecutively since no more than 4% was bigger than 0.5
mm. All fractions were pooled and thoroughly mixed.

Heating treatment: All samples were heated in an electric convection

oven at 200 and 220 °C for 15 and 20 min (a total of 24 treatments). Samples
(10 g) were put in aluminium vessels (5.5 cm 1.d. x 3.5 cm height), extended
to form a 1 cm high layer and placed into the oven preheated to the selected
temperature. After the treatment, the samples were immediately cooled and
weighed.

Chemicals and mycotoxins standards: All reagents were purchased from

R-biopharm. Test kit for DON determination contains:

28

1 microtiter plate with wells coated with capture antibodies against anti-
DON antibodies,

1 DON standard solution, 1.3 ml 0 ppm (zero standard) in water, 1
peroxidase-conjugated DON, 1 anti-DON antibody, 1 substrate/chromogen,
1 stop solution containing 1 N sulfuric acid and 1 Washing buffer (Salt)
for preparation of a 10 mM Phosphate Buffer (pH 7.4) containing 0.05%
Tween 20.

Test kit for ZON determination contains:

1 microtiter plate with wells coated with capture antibodies against
anti-zearalenone antibodies, 1 Zearalenone standard, 1.3 ml 0 ppb (zero
standard) in methanol/water, 1 peroxidase-conjugated zearalenone, 1 anti-
zearalenone antibody monoclonal, 1 Substrate/chromogen and 1 Stop
reagent containing 1 N sulfuric acid.

Sample preparation:

DON analysis: weigh 5 g of ground sample, put it into a suitable container
and add 100 ml of distilled water; blend the sample by ultra-turrax
(or equivalent) for two minutes or shake vigorously for three minutes
(manually or with shaker); filter the extract through Whatman No. 1 filter
(or equivalent); use 50 pl of the filtrate per well in the test.

ZON analysis: weigh 5 g of ground sample and add it to a suitable container
with 25 ml of methanol (70%); shake vigorously for 3 min (manually or
with shaker); filter the extract through Whatman No. 1 filter (or equivalent);
dilute 1 ml of the obtained filtrate with 1 ml of distilled or deionized water;
use 50 pl of the filtrate per well in the test.

Test procedure:

DON analysis:
1. Insert a sufficient number of wells into the microwell holder for the
standard and samples to be run. Record standard and sample positions.



2. Pipet 50 pl of standard or prepared sample into separate wells; use a
new pipette tip for the standard or each sample.

3. Add 50 pl of enzyme conjugate to the bottom of each well.

4. Add 50 pl of anti-DON antibody solution to each well. Mix gently
by shaking the plate manually and incubate for 5 min (+/-1) at room
temperature (20-25 °C / 6877 °F).

5. Dump the liquid out of the wells into a sink. Tap the microwell holder
upside down onto a clean filter towel (three times in a row) to remove
all remaining liquid from the wells. Using a wash bottle or multichannel
pipette fill the wells with distilled or deionized water (250 pl per well).
Empty the wells again and remove all remaining liquid. Repeat the
washing steps two more times.

6. Add 100 pl of substrate/chromogen to each well. Mix gently by shaking
the plate manually and incubate for 3 min (+/-0.5) at room temperature
(20-25 °C/ 68-77 °F) in the dark.

7. Add 100 pl of stop solution to each well. Mix gently by shaking the
plate manually and measure the absorbance at 450 nm. Read within 10
minutes after the addition of stop solution.

ZON analysis:

1. Insert a sufficient number of wells into the microwell holder for the
standard and samples to be run. Record standard and sample positions.

2. Pipet 50 pl of standard or prepared sample into separate wells; use a
new pipette tip for the standard or each sample.

3. Add 50 pl of enzyme conjugate solution to each well.

4. Add 50 pl of anti-zearalenone antibody solution to each well. Mix gently
by shaking the plate manually and incubate for 10 min (+/-1) at room
temperature (20-25 °C / 68—77 °F).

5. Dump the liquid out of the wells into a sink. Tap the microwell holder
upside down onto a clean filter towel (three times in a row) to remove
all remaining liquid from the wells. Using a wash bottle or multichannel
pipette fill the wells with distilled or deionized water (250 pl per well).
Empty the wells again and remove all remaining liquid. Repeat the
washing steps two more times.

6. Add 100 pl of substrate/chromogen to each well. Mix gently by shaking
the plate manually and incubate for 5 min (+/-0.5) at room temperature
(20-25 °C/ 68-77 °F) in the dark.

7. Add 100 pl of stop solution to each well. Mix gently by shaking the
plate manually and measure the absorbance at 450 nm. Read within 10
minutes.

29



RESULTS AND DISCUSSION

All corn samples examined were contaminated with deoxynivalenol (DON)
in concentration of 1.9 ppm and with ZON in concentration of 91.1 ppb.

After heating treatment at 200 °C for 15 and 20 minutes the results showed
the reduction of DON concentration by 11.58% and 15.26% respectively (Figure
1), and the reduction of ZON concentration by 21.79% and 26.65% respectively

(Figure 2).
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Figure 1. DON concentration in naturaly contaminated corn flower after heating treatments

By increasing the temperature of the heating treatment to 220 °C the
reduction of the DON and ZON concentration after 15 and 20 minutes was not
signicantly different from the level of DON concentration from the previous
case (Figure 1). However, the level of ZON decreased up to 21.44% and 27.68%
respectively (Figure 2).
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Figure 2. ZON concentration in naturaly contaminated corn flower after heating treatments
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Similar examinations conducted on samples of grain powder by Yumbe-
Guevara et al. (2003) showed the reduction of DON concentration after heating
treatments for 60 minutes at temperatures of 140 °C, 160 °C, 180 °C, 200 °C and
220 °C were by 7.5%, 24%, 38%, 48% and 50% respectively. Not significatly
different results regarding ZON concentration reduction were obtained.

A large number of other examinations that included heating treatments
while baking samples were conducted and showed various results. Young et
al. [1984] treated samples of soft white winter wheat, naturaly contaminated
with DON (range: 0.28-0.44 ppm), using a baking cookies standard receipe that
included heating treatment and the results showed that DON level was decreased
up to 35%. On the other hand, Lancova et al. [2008] showed that baking at
210 °C for 14 minutes had no significant effect on DON levels in examined
samples (DON range 0.09-2.99 ppm). Different and sometimes contradictory
results were presented by Samarajeewa [1991] in her studies which stated that
low penetration of heat, which varies from sample to sample, may be the reason
for variuos results.

CONCLUSION

Reduction of DON and ZON concentrations in examined corn powder
samples simple by their exposure to high temperature can be achieved to the
level of 15% and 27% respectively. This level of reduction for itself cannot be
sufficient. However, it can be very significant and taken into consideration if
heating treatment is used as a part of food processing in which the concentration
of DON and ZON in the processes of cleaning and wet and dry milling are
already reduced to some level.
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YTULIAJ TEMIIEPATYPE U BPEMEHA HA CAJIPXXKAJ
JEOKCHHUBAJIEHOJIA (AOH) U 3EAPAJIEHOHA (30H) Y KYKYPVY3Y

Mapko Jaykosuh', Hukona Cranumuh?, bpanucnas Hukonujesuh', Becna Kpmaja?

!Jyrouncnekr beorpan an, Teomopa Jpajzepa 11, 11000 Beorpan, Penyonuka Cpouja
y p pa Apajsep p y pon;j
MuctutyT 3a ctouapetBo, Aytomyt 16, 11080 Beorpan, Peryonuka Cpbuja

PE3VME: ®yMoHM3WHN Cy MUKOTOKCHMHH pona Fusarium, KOju ce jaBibajy KOI
KyKypy3a W IpexpaMOeHUX NPOH3BoAa Ha 0a3u KyKypy3a U YKIJbYYCHHU Cy y HEKOJIHKO
JKUBOTHELCKHX U JBYACKHX 000JbeHba. aKko je IbMX0B YTHIIA] Ha JbYICKO 3[paBJbe HEjacaH
cMarpajy ce hakTopoM pU3rKa KOJI 1ojaBe paka. [leueme, IpKeme U eKCTPy3Hja KyKypy3a
Ha BumuM temrieparypama (190 °C) rakohe cmamyje KoHIEeHTpanujy pyMOHH3HMHA Y Xpa-
HH, 2 KOJIMYMHA OCTBAPECHOT CMabCHha 3aBHCH Ol BpeMEHa KyBamkba, TeMIlepaType, peLer-
Type 1 octanux ¢akropa. L{use oBor pana je 6no aa mpoueHu eheKTUBHOCT TeMIeparype
(200 1 220 °C) u Bpemena (15 u 20 MuH.) Ha JETOKCHKALN]y KyKypy3HOT OpairHa Koje
je OMII0 KOHTaMUHHPAHO ca JICOKCHHUBAJICHOIOM U 3eapajieHoHoM. [IpocedHo cMameme
KOHIICHTpAalMje AeOKCHHMBaIeHoIa HakoH TperMaHa Ha 200 °C y Tpajawby ox 15 MuHy-
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Ta u3Hocwio je 12%, a HakoH Tpajama ox 20 munyTa 15%. [IpoceuHo cmameme KOH-
LIEHTpalyje 3eapajiecHoHa HakoH TpeTMana Ha 200 °C y Tpajamy on 15 MuHyTa H3HOCHIIO
je 22%, a HakoH Tpajama o1 20 muHyTa 27%. Bume remneparype (220 °C) Hucy 3Ha49ajHO
yTHUIIaJIe Ha JaJbe CMAbCHhe KOHIIEHTPAIHja ICOKCHHUBAJICHONA 1 3€apaieHoHa. TpeTMaH
j€ camo mapIjagHo YTUIA0 y 00a ciry4aja.

KJbYYHE PEUH: neokcHHUBAICHOIT, 3¢apaJICHOH, TEMIICpaTypa, IEPUOJT HHKYyOaluje
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INVASIVE SPECIES IN ASS. TRIFOLIO-AGROSTIETUM
STOLONIFERAE MARKOVIC 1973 IN BACKA (SERBIA)

ABSTRACT: In the vegetation of meadows and pastures, due to climate
changes and an inadequate and intensive use of hydromeliorative measures, inva-
sive species play a significant role in the degradation of biodiversity. Secondary
development of ass. Trifolio-Agrostietum stoloniferae Markovié¢ 1973 stands was
observed in Backa, in periodically flooded pastures. Floristic composition of these
stands consists of 117 plant species, of which 94 grow in the Danube riverbank
region and 97 around the Tisa river. According to the floristic analysis, Ambrosia ar-
temisiifolia, Bellis perennis, Carduus nutans, Cirsium arvense, Eupatorium canna-
binum, Linaria vulgaris, Lotus corniculatus, Lythrum salicaria, Rumex crispus, and
Trifolium repens are characterized as invasive plants of the European region. More-
over, Ambrosia artemisiifolia, Eleusine indica and Xanthium spinosum, included
in the List of invasive species in AP Vojvodina, are also present. Lythrum salicaria
is regarded as one of the 100 most dangerous invasive alien species in the world.

KEYWORDS: invasive species, pasture, Trifolio-Agrostietum stoloniferae,
vegetation

INTRODUCTION

Biodiversity conservation and environmental protection are primary
concerns of contemporary society. Biodiversity reduction in ecosystems is
a direct consequence of environmental changes. Expansion and retraction
of species are natural phenomena that, owing to the intensive and often
unfavorable human treatment, are increasingly expedited [Van Kleunen and
Richardson, 2007]. By polluting habitats, humans are disrupting living conditions
of many species, which consequently retreat or disappear. On the other hand,

* Corresponding author E-mail: dejana@polj.uns.ac.rs
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species that have successfully adapted to the changed habitat conditions rapidly
proliferate and often become expansive. Anthropogenic factors thus strongly
influence the changed relationships in ecosystems, leading to depletion of
species and changes in ecosystem structures. Additional ecological pressure
on the ecosystem imbalance is created by invasive plant species that further
contribute to the biodiversity reduction [Wetzel, 2005]. According to the
Convention on Biological Diversity, invasive species are one of the main
threats to biological diversity [Silc et al., 2012].

The main aim of the invasion ecology studies is identifying the
determinants of invasiveness, many of which focus on the species’ traits.
Effective physiological and reproductive capacities, such as high growth rates,
vitality, high plasticity and flexibility of the natural resource utilization and
short life cycle, are known factors that promote invasiveness [Wetzel, 2005;
Bernez et al., 2006; Van Kleunen and Richardson, 2007; Bekavac et al., 2010].
However, as the majority of the comparative studies of this phenomenon
involve a small number of species, broader generalization of their findings is
not possible [Van Kleunen et al., 2010]. On the other hand, it is necessary to
emphasize the importance of interactions between species’ traits and habitat
invasiveness [Chase and Knight, 2006; Thié¢bvaut, 2007]. In that respect, high
fluctuations in the available ecosystem resource levels have been identified
as one of the key causes of invasiveness [Davis et al., 2000].

The necessity of invasive species monitoring has led to the development
of international programs and databases, such as the Global Invasive Species
Database — GISD (ISSG, GISP, IUCN), Delivering Alien Invasive Species
Inventory for Europe — DAISIE, etc. More recent extensive research on the
invasions and attempts to solve the problem of alien species includes floristic
network mapping, as well as—empirically proven as more reliable—mapping
using phytocoenological records [Silc et al., 2012].

In the vegetation of meadows and pastures, in addition to climate changes,
improper use, hydromeliorative measures, and conversion of meadows and
pastures into arable land, invasive species have a significant influence on
biodiversity degradation and decreased productivity. In the areas surrounding
the rivers Danube and Tisa in Backa, in the periodically flooded pastures in
close proximity to human settlements, ass. Trifolio-Agrostietum stoloniferae
Markovi¢ 1973 stands have developed. This association develops due to
grazing, trampling and fertilization. Stands of ass. Trifolio-Agrostietum
stoloniferae typically cover higher parts of the riverbanks, which are only
temporarily flooded during high tides. In this area, the analyzed phytocoenosis
is represented by stands belonging to two subassociations, the formation of
which was caused by the microrelief differences.
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Trifolio-Agrostietum stoloniferae subass. agrostetosum albae Markovi¢
1973 stands are formed in the parts that remain hydrated throughout the year,
whereas Trifolio-Agrostietum stoloniferae subass. cynodontetosum Markovié
1973 stands are found in the higher parts of the riverbanks, characterized
by markedly xerophilic habitat. In terms of syntaxonomic classification, ass.
Trifolio-Agrostietum stoloniferae belongs to Agropyro-Rumicion crispi Nordh.
1940 alliance, Agrostietalia stoloniferae Oberdorf. 1967 order and Molinio-
Arrhenatheretea Tx. 1937 class.

The aim of this paper is to demonstrate that the presence of invasive
species ass. Trifolio-Agrostietum stoloniferae stands in Backa can be a potential
cause of biodiversity depletion and decreased pasture productivity.

MATERIALS AND METHODS

Phytocoenological studies of ass. Trifolio-Agrostietum stoloniferae stands
in Backa were conducted in the areas surrounding the Danube River (Sombor,
Apatin, Bogojevo and Koviljski rit) and the Tisa River (Titelski breg, Zabalj-
Jegricka, Becej and Senta).

Biogeographical classification into floristic elements was performed
according to Gaji¢ [1980], and that pertaining to life forms followed So6 [1980].

RESULTS AND DISCUSSION

Floristic composition of ass. Trifolio-Agrostietum stolonifeae stands in the
Backa region comprises 117 plant species, of which 94 and 97 are found in the
areas surrounding the rivers Danube and Tisa respectively. In the Danube region
there are characteristic species of Trifolium fragiferum association, characteristic
species of Cynodon dactylon subassociation, characteristic species of Agropyro-
Rumicion crispi alliance and Agrostietalia stoloniferae order: Agrostis verticillata,
Rumex crispus, and Festuca arundinacea, as well as characteristic species of
Molinio-Arrhenatheretea class: Trifolium repens, Lolium perenne, Achillea
millefolium, T. pratense, Cichorium intybus, Pastinaca sativa and Plantago
lanceolata [Lazi¢, 1995; Stojanovic et al., 1996; Dzigurski and Nikoli¢, 2012].
In the area surrounding the Tisa River there are characteristic species of Trifolium
fragiferum association, characteristic species of Agropyro-Rumicion crispi alliance
and Agrostietalia stoloniferae order: Agrostis verticillata, Rumex crispus and Inula
britannica, and characteristic species of Molinio-Arrhenatheretea class: Lolium
perenne and Andropogon ischaemum [Stojanovi¢ et al., 2000; Dzigurski et al.,
2012]. Stand analysis points to the rich flora diversity of the investigated
phytocoenosis, which is in line with the findings pertaining to Eastern Slavonia
and Baranja, where 122 taxa were found [Segulja and Topi¢, 1987]. Similarly,
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80 species were identified in Srem [Butorac, 2004] and 43 in the region of
northeastern Croatia [Raus et al., 1985].

Table 1. Floristic composition of the ass. Trifolio-Agrostietum stoloniferae stands in the Backa
region, with life forms, floristic elements and invasiveness of the plant species, according to
GISD () and the List of invasive species in AP Vojvodina (#*)

. Podu- | Poti- | . . Floristic Invasive
Plant species . . Life forms .
navlje | sje elements spesies
Achillea millefolium L. + + H. Evr.
Agrimonia eupatoria L. + + H. Evr.
Agropyrum repens (L.) P. B. + + G. Evr.
Agrostis alba L. + + H. Subevr.
Agrostis verticillata Vill. + + H. Subm.
Alopecurus pratensis L. + H. Evr.
Althea officinalis L. + H. Subpont.-ca.
Ambrosia artemisifolia L. + Th. Adv. *HE
Andropogon ischaemum L. + + H. Pont.-ca.-subm.
Atriplex litoralis L. + Th. Evr.
Bellis perennis L. + + H. Subse. *
Bidens tripartitus L. + + Th. Subse.
Bromus arvensis L. + Th.-TH. Evr.
Bromus commutatus Schr. + Th. Subse.
Bromus tectorum L. + Th. Evr.
Calamagrostis epigeios (L.)Roth. + H.-G. Evr.
Calamintha vulgaris (L.)Druce. + + H. Cirk.
Calystegia sepium (L.) Br. + + H. Evr.
Capsella bursa-pastoris (L.)Med. + + Th.-TH. Kosm.
Carduus acanthoides L. + + TH. Subse.
Carduus nutans L. + + TH (Th). Subevr. *
Carex distans L. + + H. Evr.
Carex hirta L. + + G. Subevr.
Carex praecox Schreb. + G.-H. Evr.
Carex vulpina L. + + H.-HH. Subevr.
Cerastium caespitosum Gilib. + TH.-H(Ch.) Kosm.
Cichorium intybus L. + + H.(TH.) Subevr.
Cirsium arvense (L.) Scop., + G. Subevr. *
Cirsium lanceolatum (L) Scop. + + TH. Subevr.
Convolvulus arvensis L. + + H.-G. Kosm.
Crataegus monogyna Jacq. + M. Subse.
Crepis setosa Hall. + + Th. Subm.
Cynodon dactylon (L.) Pers. + + G.(H) Kosm.
Dactylis glomerata L. + + H. Subevr.
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Daucus carota L. + + | Th.-TH.-H. Subevr.

Dipsacus laciniatus L. + + TH. Pont.-ca.-subm.
Dipsacus sylvestris Huds. + + TH. Subse.

Eleusine indica (L.) Gaertn. + + Th. Adv. ok
Epilobium adnatum Gris. + H. Subevr.

Erigeron canadensis L. + + Th.-TH. Adv.

Eryngium campestre L. + + H. Subpont.-subm.
Eupatorium cannabinum L. + H. Subse. *
Euphorbia cyparissias L. + + H.(G.) Evr.

Festuca arundinacea Schreb. + + H. Subevr.

Festuca pratensis Huds. + + H. Evr.

Festuca pseudovina Hack. + H. Evr.

Galium aparine L. + Th. Evr.

Galium mollugo L. + H. Subse.

Galium verum L. + + H. Evr.

Geranium pusillum Burm., + Th. Subse.

Glechoma hederacea L. + + | H(Ch.-G)) Evr.

Gratiola officinalis L. + + H. Cirk.

Heleocharis palustris (L.)R.Br + G.-HH. Kosm.

Helminthia echioides Gaertn. + TH.-Th. Subm.

Hordeum murinum L. + Th. Subm.

Inula britannica L. + + TH.-H Subse.

Juncus articulatus L. + + H. Cirk.

Juncus compressus Jacq. + G. Evr.

Juncus gerardii Lois. + G Subcirk.

Juncus inflexus L + H Subcirk.

Kickxia elatine (L.) Dum, + Th. Subatl.-subm.

Linaria vulgaris Mill. + + H.(TH.) Subse. *
Lolium perenne L. + + H. Subse.

Lotus corniculatus L. + + H. Subevr. *
Lotus tenuis W. et K. + H. Subse.

Lycopus europaeus L. + + HH. Subevr.

Lycopus exaltatus L. + + HH. Subj.sib.
Lysimachia nummularia L. + + Ch. Subse.

Lythrum salicaria L. + H.-HH. | Pont.-ca.-subm. *
Malva sylvestris L. + + | Th.-TH.-H. Subse.

Matricaria chamomilla L. + + Th. Evr.

Medicago falcata L. + H. Subpont.-ca.
Medicago lupulina L. + + | Th.-TH.-H. Subevr.

Mentha aquatica L. + H.-HH. Evr.

Mentha longifolia (L.) Nath. + + H.(G)) Subse.

Mentha pulegium L. + + H. Subse.
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Odontites rubra Gilib. + Th. Subse.
Ononis arvensis L. + + H.-Ch. Subse.
Pastinaca sativa L. + + H. Evr.
Phragmites communis Trin. + + HH. Kosm.
Picris hieracioides L. + TH.-H Subpont.-ca.
Plantago lanceolata L. + + H. Evr.
Plantago major L. + + H. Evr.
Plantago media L. + + H. Evr.

Poa pratensis L. + + H. Subcirk.
Poa trivialis L. + H. Subevr.
Polygonum aviculare L. + Th. Kosm.
Potentilla anserina L. + + H. Subcirk.
Potentilla argentea L. + + H. Subpont.-ca.
Potentilla reptans L. + + H. Evr.
Prunella vulgaris L. + + H. Subevr.
Ranunculus polyanthemus L. + + H. Subpont.
Ranunculus repens L. + + H. Evr.
Ranunculus sardous Cr. + + Th. (-H.) Subse.
Rhinanthus rumelicus Vel. + Th. Subsrbalk.
Rorippa austriaca (Cr.) Bess. + HH. Subpont.
Rorippa sylvestris (L.) Bes. + + H. Subpan.
Rumex crispus L. + + H. Evr. *
Rumex hydrolapathum Huds + + H.-HH. Subse.
Rumex pulcher L. + Th.-TH. Subm.
Sambucus ebulus L. + + H. Subpont.-subm.
Setaria glauca (L.) P. B. + Th. Kosm.
Sinapis arvensis L. + Th. Subevr.
Sonchus arvensis L. + + H. Evr.
Statice gmelinii Willd + H. Pont.-pan.
Stenactis annua (L.) Nees. + Th. Adv.
Taraxacumn officinale Web. + + H. Evr.
Torilis arvensis (Huds.) Link. + Th. Evraft.
Trifolium campestre Schreb. + + Th.-TH. Subse.
Trifolium fragiferum L. + + H. Subse.
Trifolium pratense L. + + H. Subevr.
Trifolium repens L. + + H. Subevr. *
Urtica dioica L. + + H. Evr.
Verbena officinalis L. + + Th.-H. Kosm.
Xanthium italicum Mor. + + Th. Adv.
Xanthium spinosum L. + + Th. Adv. oK
Xeranthemum annum L. + Th. Pont.-subm.
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Life form spectrum of the analyzed pasture vegetation indicates the
dominance of hemicryptophytes (52.99%), including the species of the
highest diagnostic significance and the highest values regarding abundance
and ground cover: Trifolium fragiferum, Agrostis verticillata, Rumex crispus,
Festuca arundinacea, T. repens, Lolium perenne, Achilea millefolium, T.
pratense, etc. Significant presence of therophytes (27.35%) indicates warmer
climate effects. Based on the percentage participation, these are followed by
hemiterophytes (7.69%) and geophytes (6.84%). The presence of hydrophytes
(3.42%) was noted in microdepressions that are moist throughout the larger part
of the growing season. Hamephytes and phanerophytes are represented by a
single taxon each (0.85%). Like other meadow phytocoenoses, the studied
one is of therophytic-hemicryptophytic character. Tomi¢ et al. (2010) indicate
that in KarakuSa region (Srem), the ass. Trifolio-Agrostietum stolonifeae is
dominated by hemicryptophytes (64.3%). Much lower participation of
therophytes (11.9%) is a result of the specific microclimatic conditions
of this hunting region, which is under intense anthropogenic-zoogenic
influence. Butorac [2004] also characterized the analyzed association found
in Mt. Fruska Gora loess plateau as a therophytic-hemicryptophytic (with
57.50% hemicryptophytes and 23.75% therophytes). According to Jovanovi¢-
Dunji¢ [1969], the percentage increase in therophytes and decrease in
hemicryptophytes, starting from parts of Croatia characterized by humid
climate, through Serbia, to Macedonia is primarily driven by climatic
conditions. Hence, the therophytes/hemicryptophytes ratio, proportional
to the reduction in humidity in meadow phytocoenoses, points to the
transitional ecological character of the studied region.

Phytogeographical analysis of the ass. Trifolio-Agrostietum stolonifeae
stands in Backa region indicates the dominance of plants belonging to the
groups characterized by the floristic elements of wide distribution (61.53%).
Eurasian group of floristic elements is the most common (42.73%), followed
by cosmopolitan (7.69%), circumpolar (5.98%) and adventive (5.13%)
groups. Groups of floristic elements of narrower distribution participate
with 38.45%, and comprise Central European (19.66%), Pontic-Central Asian
(11.96%), sub-Mediterranean (5.98%) and sub-Atlantic (0.85%) groups.

Based on the floristic analysis, Ambrosia artemisiifolia, Bellis perennis,
Carduus nutans, Cirsium arvense, Eupatorium cannabinum, Linaria vulgaris,
Lotus corniculatus, Lythrum salicaria, Rumex crispus and Trifolium repens were
identified, according to Global Invasive Species Database (ISSG, GISP, IUCN),
as invasive plants for the European region. Within the aforementioned species,
Lythrum salicaria is regarded as one of the 100 most dangerous invasive alien
species in the world. Among the stands examined in this study, in addition to
the already mentioned Ambrosia artemisiifolia, Eleusine indica and Xanthium
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spinosum are also included in the List of invasive species in AP Vojvodina
(TASV 2011) [Table 1]. Life form analysis of the identified invasive species
(58.33% hemicryptophytes, 25% therophytes, and 8.33% hemiterophytes
and geophytes each) is proportional to the life form spectrum of the total
ass. Trifolio-Agrostietum stolonifeae flora. From the geo-floristic perspective,
the invasive species are dominated by the widely distributed floral elements
(66.67%). This agreement in the biological spectrum analysis and that
pertaining to the areal invasive species types on the one hand, and the total
stand flora on the other, confirms excellent adaptability of invasive species,
in particular to the specific vegetation relationships within this grassland
phytocoenosis, and to the climatic conditions as well. Thompson and Davis
[2011] also argue that the invasive species characteristics vary only slightly
from the indigenous species. Therefore, in order to explain the process of a
successful invasion, in addition to understanding the biological characteristics
of the invasive species, further research must include interactions between
invasive species and autochthonous flora [Keller et al. 2011].

Although the 12 invasive species of stands found in the analyzed
pasture vegetation are present in smaller numbers and cover smaller area
(with the exception of Trifolium repens, Ambrosia artemisifolia and Cirsium
arvense), monitoring their expansion is necessary in order to prevent
structure distortion and floristic composition impoverishment [Dzigurski
and Nikoli¢, 2012]. In addition, these species play a significant role in the
reduction of pasture productivity because they interfere with the growth of
desirable forage species. More specifically, apart from Trifolium repens and
Lotus corniculatus, which are useful forage plants, the remaining species are,
according to Mrfat-Vukeli¢ et al. [1996], worthless (Ambrosia artemisiifolia,
Bellis perennis, Eupatorium cannabinum, Lythrum salicaria and Xanthium
spinosum) or mildly poisonous, i.e. harmful species (Carduus nutans, Cirsium
arvense, Rumex crispus).

CONCLUSION

Floristic composition of ass. Trifolio-Agrostietum stolonifeae stands in
the Backa region comprises 117 plant species. Based on the floristic analysis,
Ambrosia artemisiifolia, Bellis perennis, Carduus nutans, Cirsium arvense,
Eupatorium cannabinum, Linaria vulgaris, Lotus corniculatus, Lythrum
salicaria, Rumex crispus, Trifolium repens, Eleusine indica and Xanthium
spinosum were identified as invasive plants. The presence of invasive species
in the stands of the analyzed vegetation, along with climate changes and
intensive and inappropriate use of these areas, will inevitably lead to the
degradation of biodiversity in the future. Therefore, continuous monitoring
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of the invasive species proliferation in the ass. Trifolio-Agrostietum stoloniferae
vegetation is necessary in order to preserve biodiversity and enhance pasture
productivity.

REFERENCES

Bekavac, G., Purar, B., Jockovi¢, B., Stojakovi¢, M., Ivanovi¢, M.,
Malidza, G., balovié¢, I. (2010): Proizvodnja kukuruza u uslovima globalnih
klimatskih promena. Ratarstvo i povrtarstvo 47: 443-450.

Bernez, 1., Aguiar, F., Violle, C., Ferreira, T. (2006): Invasive river plants from
Portuguese floodplains: What can species attributes tell us?, Hydrobiologia 570: 3-9.

Butorac, B. (2004): Ekoloska analiza vegetacije Fruskogorskog lesnog platoa. Matica
srpska, 75-81. (sr)

Chase, M. J., Knight M. T. (2006): Effects of eutrophication and snails on Eurasian
watermilfoil (Myriophyllum spicatum) invasion. Biological Invasions 8: 1643—1649.

Davis, M., Grime, P., Thompson, K. (2000): Fluctuating resources in plant
communities: a general theory of invasibility. Journal of Ecology 88: 528-534.

Dzigurski, D., Nikoli¢, Lj. (2012): Pasnjacka asocijacija Trifolio-Agrostietum
stoloniferae Markovi¢ 1973 u Vojvodini. Acta herbologica 21 (1): 31-39.

Gaji¢, M. (1980): Pregled vrsta flore SR Srbije sa biljnogeografskim oznakama. Glasnik
Sumarskog fakulteta (serija A: Sumarstvo) 54: 111-141.

Global Invasive Species Database (ISSG, GISP, IUCN)

IASV - Lista invazivnih vrsta na podruc¢ju AP Vojvodine = List of invasive species in AP
Vojvodina [Internet]. Verzija 0.1beta. Anackov, G., Bjeli¢ Cabrilo, O., Karaman, I.,
Karaman, M., Radenkovi¢, S., Radulovié, S., Vukov, D. & Boza, P., edit., Novi Sad
(Serbia): Departman za biologiju i ekologiju; 2011 [citirano 2011. Maj 22.].
http://iasv.dbe.pmf.uns.ac.rs/index.php?strana=baza.

Jovanovi¢-Dunjié¢, R. (1969): Ekolosko-biljnogeografska analiza mocvarne i livadske
vegetacije u dolini Velike Morave. Arhiv bioloskih nauka XXI (1-4), 55—69. (sr.)

Keller, R., Geist, J., Jeschke, J., Kithn, I. (2011): Invasive species in Europe:
ecology, status, and policy. Environmental Sciences Europe 23: 23.

Lazi¢, D. (1995): Floristicko-ekoloska analiza sastojina ass. Trifolio-Agrostietum stoloniferae
Markovi¢ 1973 na podrucju Vojvodine. Diplomski rad, Prirodno-matematicki fakultet,
Insititut za biologiju, Novi Sad.

Mrfat Vukeli¢, S., Koji¢, M., Ajder, S., Dajié¢, Z. (1996): Biodiverzitet
korovske flore livadske vegetacije Srbije. Zbornik radova: V kongres o korovima,
Beograd, 143-169.

Raug, P., Segulja, N., Topi¢, J. (1985): Vegetacija sjevernoistotne Hrvatske. Annales
pro experimentis foresticis 23: 223-355.

So06, R. (1980): 4 magyar flora és vegetacio rendszertani-novenyfoldrajzi kézikonyve (V1).
Akademiai kiado, Budapest.

Stojanovi¢, S., Vuckovi¢, M., Radulovi¢, S. (1996): Karakteristike i zastupljenost
korovskih biljaka u pasnjackoj asocijaciji Trifolio-Agrostietum stoloniferae Markovi¢
1973. na podrucju Vojvodine. Zbornik radova: V Kongres o korovima. Banja Koviljaca,
242-251.

43



Stojanovi¢, S., Lazi¢, D., Nikoli¢, Lj. (2000): Analiza zivotnih formi i flornih
elemenata livadsko-pasnjacke vegetacije na podrucju Potisja. Zbornik radova: VI Kongres
o0 korovima. Banja Koviljaca, 267-271.

Segulja, N., Topi¢, J. (1987): Prilog poznavanju pasnjaka isto¢ne Slavonije. Poljo-
privredna znanstvena smotra 46 (56): 91-94.

Silc, U., Vrbni¢anin, S., Bozi¢, D., Carni, A., Daji¢ Stevanovié, Z.
(2012): Alien plant species and factors of invasiveness of anthropogenic vegetation in
the Northwestern Balkans — a phytosociological approach. Central European Journal of
Biology 7 (4): 720-730.

Thiébaut, G. (2007): Invasion success of non-indigenous aquatic and semi-aquatic plants
in their native and introduced ranges. A comparison between their invasiveness in North
America and in France. Biological Invasions 9: 1-12.

Thompson. K., Davis A. M. (2011): Why research on traits of invasive plants tells
us very little. Trends in Ecology & Evolution, 26: 155-156.

Tomi¢, Z., Bijedi¢, Z., Viloti¢, D., Gaci¢, P. (2010): Phytocenological research
into the meadow associations on forest hunting grounds of Serbia. Archives of Biolgical
Sciences 62 (2): 363-372.

Van Kleunen, M., Richardson, D. (2007): Invasion biology and conservation biology:
time to join forces to explore the links between species traits and extinction risk and
invasiveness. Progress in Physical Geography 31 (4): 447-450.

Van Kleunen, M., Weber, E., Fischer, M. (2010): A meta-analysis of trait diffe-
rences between invasive and non-invasive plant species. Ecology Letters, 13: 235-245.

Wetzel, R. (2005): Invasive plants: the process within wetland ecosystems. Invasive Plants:
Ecological and Agricultural Aspects, 115-127.

ACKNOWLEDGEMENTS

This study is a part of the project TR-31016 titled ,,Improvement of Forage
Crops Production on Fields and Grasslands* subsidized by the Ministry of
Education, Science and Technological Development of the Republic of Serbia.

NHBA3VBHE BPCTE V ®UTOLEHO31
TRIFOLIO-AGROSTIETUM STOLONIFERAE MARKOVIC 1973 Y BAUKOJ

Hejana M. [Turypcku, Jbusana M. Huxonuh

VYuusepsurer y HoBom Cany — [lossonpuBpenan daxyarer
JlemapTMaH 3a paTapcTBO U HOBPTAPCTBO
Tpr Jlocureja O6panosuha 8
21000 HoBu Cax, Pemrybnmka Cpouja

PE3VIME: MlHBa3uBHE BpCcTE Cy Y BEreTaluj i JINBa/ia v Mallbaka, Tope)] KITMMaTCKUX
IIPOMEHA, HEa/JIeKBaTHOI M WHTEH3MBHOT KOpHIIhema, XUIPOMETHOPAaTHBHUX 3aXBaTa,
mpeBoljema MHMBaja M Mallkaka y OpaHWYHE TOBPIIUHE, 3HaYajaH y3pOK Jerpajaliije
6uonusep3urera. Ha moapydjy bauke, Ha MepHOIUYHO MIIaBJEEHMM MAIlbalndMa, Ce-
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KyHJIapHO Cy pa3BHjeHE cacTojuHe ass. Trifolio-Agrostietum stoloniferae MapkoBuh
1973. ®dnopucTHyky cacTaB OBUX cacTojuHa ynHU 117 OusbHUX BpcTa, 94 Ha moxpyyjy
[onynassea u 97 Ha oapyyjy [lotucja. Aranmsom iope yrBpheHo je na cy Ambrosia
artemisiifolia, Bellis perennis, Carduus nutans, Cirsium arvense, Eupatorium canna-
binum, Linaria vulgaris, Lotus corniculatus, Lythrum salicaria, Rumex crispus n Tri-
folium repens, okapakrepucane Kao MHBa3uBHe OmIbKe 3a moapydvje EBpone. Ca Jlucte
WMHBAa3MBHUX BpCTa 3a noapyyje BojBomune npucytHe cy Ambrosia artemisiifolia, Ele-
usine indica w Xanthium spinosum. Lythrum salicaria je oxapakrepucaHa Kao jeJHa o1l
100 HajomacHUjUX WHBa3UBHUX BPCTa HA CBETY.

KJbYUHE PEYU: nuBa3uBHE BpcTe, Mamimak, [rifolio-Agrostietum stoloniferae,
BEreTaryja.
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BACILLUS SPP. IN THE CITY OF NOVI SAD
GROUNDWATER SUPPLIES

ABSTRACT: The paper investigates the presence of spore-forming bacteria
of the genus Bacillus among aerobic mesophilic bacteria found in water samples
collected from the City of Novi Sad groundwater supplies. Microbiological exami-
nation included the samples from three groundwater supplies: Strand (19 samples),
Petrovaradinska ada (10 samples) and Ratno ostrvo (12 samples). Apart from the
analysis of groundwater, the research also included microbiological examination of
water from the City of Novi Sad water supply system collected from three localities
- Liman 1, Slana bara and Stari grad. All samples were inoculated onto Plate Count
Agar and low nutrient medium R2A.

The presence of Bacillus spp. was detected in all three groundwater supplies.
Comparing the samples obtained from the three sites, a significantly higher num-
ber or percentage of the genus Bacillus, in comparison with aerobic mesophilic
bacteria, was detected in the groundwater supply Strand using R2A medium. No
correlation was detected between the total count of aerobic mesophilic bacteria and
Bacillus spp.

KEYWORDS: aerobic mesophilic bacteria, Bacillus spp., groundwater, City
of Novi Sad

INTRODUCTION

According to the World Health Organization, drinking water quality is
one of the main indicators of the wealth and health conditions of a country’s
population [World Health Organization and United Nations Children’s Fund,
2004]. Apart from its physiological, hygienic and toxicological importance,

* Corresponding author E-mail: milivoje.petrusic@dbe.uns.ac.rs
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water has a considerable epidemiological significance. Humans can become
infected either directly, by consuming polluted drinking water and using it
for food preparation, or indirectly, by applying polluted water for recreational
purposes. The knowledge concerning the most common genera of bacterial
contaminants is of a great significance, not only for water itself, but for groceries
of various origin. In this respect, the presence of spore-forming bacteria can be
of a great importance [Petrovi¢, 1996].

Spores are primarily formed by gram positive rods, mainly the species
belonging to the genera Clostridium and Bacillus, as well as by certain cocci
and gram negative rods [Holt et al., 1994]. The genus Bacillus is a frequent
contaminant of water, milk and dairy products, wheat, bread and pasta. Some of
the common contaminants of food, including drinking water as well, are aerobic
mesophilic bacterium Bacillus subtilis, aerobic thermophilic spore-forming
bacterium Bacillus stearothermophilus and aerobic mesophilic spore-forming
bacterium Bacillus cereus [Kramer and Gilbert, 1989].

The data gathered by the Institute of Public Health of Vojvodina point to
a frequent cultivation of Bacillus spp. in purified and chlorinated water from
the City of Novi Sad water supply system. Accordingly, Bacillus spp. appeared
as the most commonly cultivated microorganisms in the tested samples of
purified and chlorinated drinking water in 2011 [Ekobilten, 2008; Ekobilten,
2009; Ekobilten, 2011].

The City of Novi Sad water supply system uses the groundwater supply sites
located in the vicinity of the Danube River. Three groundwater supply sites are
in use: Strand and Ratno ostrvo on the left bank of the river and Petrovaradinska
ada on the right bank. A great cause for concern is the fact that, in spite of
technological processing of groundwater, the presence of spore-forming bacteria
of the genus Bacillus has been continually detected in a considerable number
of the tested samples of drinking water from the City of Novi Sad water supply
system [Ekobilten, 2008; Ekobilten, 2009; Ekobilten, 2011].

The aim of this study was to determine whether and to what extent bacterial
spores of the genus Bacillus are detected in samples of the City of Novi Sad
groundwater supplies. Also, the aim of this study was to determine if this
phenomenon can be associated with a sampling site and the presence of large
numbers of aerobic mesophiles. Furthermore, the study examined the possible
presence of Bacillus spp. in purified and chlorinated drinking water distributed
by the City of Novi Sad water supply system.

MATERIAL AND METHODS

The samples were collected in January, February and March 2011. The
groundwater samples were collected from Strand, Petrovaradinska ada and
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Ratno ostrvo supply sites. The analysis included 19 samples collected from
Strand groundwater supply: S1, S3, S5, S7, S8, S9, S10, S16, S17, S18, S19,
$20, S21, BHD-1-2-20, P1, P2, P5, P8, and P10. From Petrovaradinska ada, 10
samples were collected: PA1, PA6, PA7, PA9, PA11, PAlla, PA12, PA13, PA14,
and PAzbirni, while 12 samples were taken from Ratno ostrvo: BHZ1, BHZ3,
BHZ5, BHZ7, BHZ9, BHZ11, Mp6, Md6, PIC1, PJC9, PPJC6, and PPJC10.

Apart from the groundwater samples, the study also included the analysis
of three drinking water samples collected from different localities of the City of
Novi Sad water supply system. The samples were designated as SG, SB and L1.

The analysis focused on the total number of Bacillus spp. and the total
count of aerobic mesophilic bacteria in all of the collected samples. The total
count of aerobic mesophilic bacteria was determined using Plate Count Agar
(PCA) (Torlak) and low nutrient medium R2A (HiMedia), while the inoculation
was performed using standard spread plate technique directly from the sample
and from appropriate dilution in two repetitions, the inoculum quantity being 0.5
ml. With the samples inoculated onto PCA the incubation temperature was 37
°C, while in the case of R2A medium the temperature was 22 °C. The incubation
period in both cases was 48 hours. After the incubation period, the counting of
all grown colonies was performed. In order to determine the number of spore-
forming bacteria of the genus Bacillus, the water samples were treated in the
water bath at the temperature of 85 °C during 15 minutes prior to the inoculation.
As for the inoculation process, the used media and the incubation temperature,
the procedure was identical to the one applied to aerobic mesophilic bacteria.
The incubation period lasted for 5 days. After the incubation period, the grown
colonies were counted and the detection of Bacillus spp. was conducted with
microscopic examination of preparations stained by Gramm and Schaeffer-
Fulton technique.

Diftferences in number and percentage of Bacillus spp. found in groundwater
samples were processed by means of Krusakl-Wallis and Mann-Whitney test.
The tests, along with the figures and correlation analysis were processed by
STATISTICA v. 10.0 [StatSoft, Inc. 1984 —2011].

RESULTS AND DISSCUSION

Out of 19 samples collected from the Strand spring, Bacillus spp. were
present in 18. Only the sample P5 showed no colonies of these bacteria in any
of the applied media. The greatest number of Bacillus spp. colonies on PCA
were detected in sample S7, with the recorded value of 250 CFU/ml. A slightly
lower number was detected in samples BHD-1-2-20 (199 CFU/ml) and S9
(176 CFU/ml), while the complete absence of spore-forming Bacillus genus
bacteria was in samples S21 and P5 (Figure 1). As for R2A medium, the number
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of Bacillus spp. was the largest in sample S9 (289 CFU/ml), while sample P5
showed total absence of the bacteria (Figure 1). In relation to the number of
aerobic mesophilic acteria, the percentage of Bacillus spp. colonies on PCA
ranged from 0 to 95.4%, while on R2A medium it spanned from 0 to 29.9 %
(Figure 1). In samples S3, $9, P1 and P8 on R2A medium, as well as in samples
P1 and BHD-1-2-20 on PCA, the percentage of Bacillus colonies could not be
determined due to the abudance of aerobic mesophilic bacteria.
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Figure 1. The total number of Bacillus spp. in samples from Strand groundwater supply site
isolated on PCA and R2A (left) and the percentage of Bacillus spp. among aerobic mesophiles
on PCA and R2A (right)

In the case of Petrovaradinska ada supply site, the presence of Bacillus
spp. was recorded in all of 10 samples included in the analysis. The highest
number of Bacillus spp. colonies on PCA was detected in sample PA-14, 22
CFU/ml, while the samples PA-1, PA-9 and PA-11 showed the smallest number
of the bacteria (Figure 2). As for R2ZA medium, the largest number of Bacillus
spp. appeared also in PA-14 sample, the recorded value 6 of CFU/ml, while the
samples PA1, PA6, PA9, PA11 and PA12 showed total absence of the bacteria
(Figure 2). The percentage of Bacillus spp. colonies in relation to the number
of aerobic mesophiles grown on PCA and R2A ranged 0.01% — 3.33% and 0%
—2.22%, respectively (Figure 2). In the case of sample PA14 on R2A, due to
the abundance of aerobic mesophilic bacteria, the percentage of Bacillus spp.
colonies could not be determined.
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Figure 2. The total number of Bacillus spp. in samples from Petrovaradinska ada groundwater
supply site isolated on PCA and R2A (left) and the percentage of Bacillus spp among aerobic
mesophiles on PCA and R2A (right)

In 12 samples collected from Ratno ostrvo, the presence of spore-forming
bacteria of the genus Bacillus was detected in 9 samples. The sample BHZS
showed the highest number of Bacillus spp. colonies on PCA - 20 CFU/ml, while
in samples BHZ3, BHZ11, PJC9 and PPJC6 none of the colonies was detected.
As for R2A medium, the greatest number of the colonies was redorded in sample
Md6 (14 CFU/ml), while in samples BHZ3, Mp6, PJC9 and PPJC6, Bacillus spp.
colonies were absent (Figure 3). The percentage of Bacillus spp. in relation to the
number of aerobic mesophiles on PCA ranged from 0% to 3.5%, while in the case
of R2A, the recorded value was rather low ranging from 0% to 0.43% (Figure 3).
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Figure 3. The total number of Bacillus spp. in samples from Ratno ostrvo groundwater supply
sites isolated on PCA and R2A (left) and the percentage of Bacillus spp. among aerobic meso-
philes on PCA and R2A (right)
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In case of PCA application, no statistical differences were observed
regarding the number of Bacillus spp. members detected in three groundwater
supply sites (Kruskal-Wallis, X* = 6.536579, df = 2, p>0.001). However,
with the use of low-nutrient R2A medium, statistical analysis pointed
to a significant difference between the bacterial counts obtained for the
three supply sites (Kruskal-Wallis, X? = 15.16343, df = 2, p<0.001). A
considerably higher number of Bacillus spp. on R2A was registered in the
samples taken from Strand supply site, while the values obtained for other
two sites showed no statistical differences (Mann-Whitney U Test, p>0.01).
Comparing all three supply sites, it can be concluded that the sample with the
largest count of Bacillus spp. detected on PCA was the one that originates from
Strand supply site. It was the sample S7 with a total of 250 Bacillus spp. colonies
detected. When applying on R2A medium, the sample S9, collected from the
same site, showed 289 colonies of spore-forming bacteria, which was also the
highest number of Bacillus spp. detected in all three supply sites. With reference
to all three supply sites, no statistical differences were observed in thepercentage
of Bacillus spp. present among aerobic mesophiles detected on PCA (Kruskal-
Wallis, X?=5.793854, df =2, p>0.01). However, with the application of R2A,
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Figure 4. The total number of acrobic mesophilic bacteria for all three supply sites (above) and
the results of correlation between the number of aerobic mesophilic bacteria and Bacillus spp.
number obtained on PCA and R2A (below)
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the analysis pointed to a significant difference in percentage of the bacteria
detected among aerobic mesophiles (Kruskal-Wallis, X? = 16.11641, df =2,
p<0.01). A higher percentage of Bacillus spp. detected on R2A medium was
recorded in the case of Strand supply site, while the other two sites showed no
significant differences in percentage of the detected bacteria (Mann-Whitney
U Test, p>0.01). The results referring to the number of aerobic mesophilic
bacteria recorded in the samples from all three supply sites and grown on
PCA and R2A can be seen in Figure 4.

No correlation was detected between the number of aerobic mesophilic
bacteria and Bacillus spp. number recorded for the groundwater supply sites
(Figure 4).

Table 1. shows the total count of Bacillus spp. and aerobic mesophilic
bacteria detected in samples collected from various localities of the city water
supply system.

Table 1. The total count of Bacillus spp. and aerobic mesophilic bacteria detected in the samples
from the water supply system

. . Bacillus s, . . Bacillus s
Sample |, Actobie mesophilic | Zepyyi || Acroblc mesophitic | % cpyp
(PCA) (R2A)
SG 5 0 784 0
SB 6 0 40 0
L1 3 0 19 0

The results presented in Table 1. clearly demonstrate that Bacillus spp.
were not detected in any of the samples originating from the city water supply
system.

The present study points to a high frequency of Bacillus spp. in the City
of Novi Sad groundwater supplies. These results can be explained by the
ubiquity of the bacteria in the environment and by a high resistance of the
bacterial spores as well [Hosni et al., 2011]. Bacillus spp. members have
been isolated from both shallow groundwater supplies [Chapelle et al., 1988]
and from samples collected from a considerable depth [Boone et al., 1995].
Their viability in the form of spores in the process of drinking water treatment
has been reported as a permanent problem [Bloomfield, 1999; Setlow, 2000;
Dalmacija et al., 1996; Zhang et al., 2006; Morrow et al., 2008]. Some studies
on the presence of bacterial spores [Sagripanto and Bonificino, 1996] compare
the efficacy of glutaraldehydes, formaldehydes, hydrogen peroxide, peracetic
acid, cupric ascorbate and natrium hypochlorite in destroying Bacillus
subtilis spores under various conditions. Each of the above agents were used
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considering pH, temperature and period of time. Only three of the chemicals,
natrium hypochlorite, peracetic acid and cupric ascorbate, managed to destroy
99.9% of the spores, 30 minutes after incubation at the teperature of 20 °C.
Glutaraldehydes inactivated 90% of the spores, while hydrogen peroxide and
phenol destroyed a small proportion of spores in the suspension [Sagripanto
and Bonificino, 1996].

Referring to Ekobilten, a publication comprising data gathered by the
Institute of Public Health of Vojvodina, the presence of Bacillus spp. has been
reported in a large number of samples from the City of Novi Sad water supply
system [Ekobilten, 2011]. In the present study, the samples of water from the
city water supply system showed no presence of Bacillus bacteria. However,
as the results of the Institute of Public Health of Vojvodina point to a frequent
cultivation of these bacteria in purified and chlorinated water from the city
water supply system, this may cast doubt on the efficacy of the applied water
treatment technology.

CONCLUSION

The presence of Bacillus spp. was detected in groundwater samples from
all three supply sites. The percentage of Bacillus spp. detected among aerobic
mesophilic bacteria widely varied, from 0 to 95%. Comparing all three water
supply sites, a significantly higher total count and percentage of the genus
Bacillus, in relation to the number of aerobic mesophilic bacteria, was detected
in the samples from Strand groundwater supply site using R2A medium. No
correlation was detected between the number of aerobic mesophilic bacteria
and Bacillus spp. number. Bacillus spp. were absent from the samples collected
from the City of Novi Sad water supply system.
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BACILLUS SPP. Y IIOA3EMHNM BOJAMA
HOBOCA/ICKUX U3BOPUIITA BOJ/IE 3A ITTHE

Munusoje B. Tlerpymuh, Bepuiia C. Anexcuh, ITerap H. Kuexesuh, Ounra B. [Terposuhi

VYuausepsurer y HoBom Cany, [Ipuponno-maremarndku haxynTer,
JemapT™aH 3a OHOJIOTH]Y U SKOJIOTH]Y
Tpr Hocuteja O6panosuha 2, 21000 Hosu Can , Peryonuka CpOuja

PE3NME: V¥ oBom pany npahena je 3acTynmjbeHOCT CHOPOTeHHX OakTepuja poja
Bacillus y oxkBupy aepoOHHX Me30(pmIHAX OakTepHja y y30pIEMa BOIa HOBOCAICKHX
M3BOpHIITAa. MUKPOOMIIONIKA MCIUTHBAKA BPIIEHA Cy HA y30pLUMa IOPEKIOM ca H3-
Bopuiuta ltpanz (19 yzopaxka), [lerpoBapaanncka aga (10 y3opaxa) u Patao octpso (12
y3opaka). [Topen MUKPOOHOJIOIIIKE aHAIM3¢ BOIa M3BOPHUIIITA BPIICHA j€ MUKPOOUOJIOIIKA
aHaJM3a BOJIE M3 JUCTPUOYIIMOHOT crcTeMa BojoBo/a rpana Hosor Cana ca nokanurera
Jluman 1, Cnana 6apa u Crapu rpaj. Y3opiu cy nHOKyiucanu Ha noaiore PCA u R2A.
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VY noa3eMHO] BOIM CBa TPW M3BOPHINTA KOHCTATOBAHO j€ MPUCYCTBO BpcTa pona Bacil-
lus. TlocmaTpaHo 3a cBa TpW M3BOpHIITA 3Ha4yajHO Beha OpojHOCT M MpoLeHTyanHa 3a-
CTYIUBCHOCT TIpeACTaBHUKA poaa Bacillus y ogHOCY Ha acpoOHE Me30(miTHEe OaKkTepHje
peructpoBaHa je y Bomu m3Bopumta lltpamn xopumhemem R2A mommore. Uzmehy
OpojHoCcTH aepobHMX Me30(hmIHuX OakTepuja u OpojHOCTH Oaxrepuja poma Bacillus y
U3BOPHIIITHMA MTOJ3EMHKX BOJIa HHjE YTBpljeHa Kopealyja.

KJbYUHE PEYU: aepobue me3oduinne Gakrepuje, Bacillus sp, Hosu Can, mon-
3eMHE BOJIe
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PHOMA MACDONALDI ON SEED AND ITS
IMPORTANCE IN ETIOLOGY OF PHOMA
BLACK STEM IN SUNFLOWER

SUMMARY: Phoma macdonaldi Boerema, teleomorph Leptosphaeria
lindquistii Frezzi, is a widespread pathogen of sunflower. The aim of this research
was to identify the presence of fungus P. macdonaldi in seed of different sunflower
hybrids, as well as the correlation between seed and field infection. Phoma black
stem assessment was performed on three hybrids grown in six localities in Ser-
bia. Untreated and processed seeds of these hybrids were used in the seed health
test. Severity of the disease did not differ between localities. Average disease index
for hybrids H7, H9 and H19 was 14.01%, 13.25% and 11.83% respectively, and it
shows that there are no significant differences in hybrid susceptibility. The index
of disease indicates tolerance of these hybrids to Phoma black stem. Seed analy-
sis showed the presence of fungi from the following genera: Phoma, Alternaria,
Botrytis, Sclerotinia, Penicillium and Aspergillus. Seed infection with Phoma (of
the untreated seeds) per hybrid ranged from 1.2-3.5%. There is no significant cor-
relation between stem and seed infection.

KEYWORDS: Phoma macdonaldi, sunflower, seed and field infection

INTRODUCTION

_ Diseases are one of the limiting factors in sunflower production worldwide
[Skori¢ et al., 2006]. Sunflower is a host plant for approximately 40 pathogens,
but only some of them, depending on region, have a potential to reduce yield
[Gulya et al., 1997]. In the favorable conditions, sunflower could be attacked
by pathogens in all stages of development.

* Corresponding author E-mail: stevanm@polj.uns.ac.rs
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Disease severity and yield losses depend on genotype resistance, aggres-
siveness of pathogen and climatic conditions. Intensity of the most important
sunflower diseases such as downy mildew (Plasmopara halstedii), sunflower
stem canker (Phomopsis helianthi), Phoma black stem (Phoma macdonaldi) and
white rot (Sclerotinia sclerotiorum) is related to higher amount of precipitation
[Masirevi¢ and Forgi¢, 2000]. Phoma macdonaldi Boerema, teleomorph
Leptosphaeria lindquistii Frezzi, is a widespread and moderately damaging
pathogen of sunflower [Masirevi¢ and Jasni¢, 2006]. Phoma black stem has been
spreading rapidly on the global scale in the last 1015 years [Skori¢ et al., 2012].

P. macdonaldi overwinters on infected plant debris in form of mycelium
and pycnidia and after the third year it could form perthecia as teleomorph
Leptosphaeria lindquistii [Frezzi, 1968; Mari¢ et al., 1981]. Penetration of
fungus into plant tissue is done mechanically through wounds or through natural
plant openings such as stomata [Al Fadil et al., 2011]. Symptoms of Phoma black
stem could be seen on the all above ground plant organs [Masirevi¢ and Jasnié,
2006]. The most typical symptoms appear on the stem as circle shaped, oval or
irregular large black spots (5-10 cm in diameter). Number of the spots increases
during vegetation, and in some cases could encircle the stem. In conditions
favorable for disease development, a stem could be completely covered with
black spots [Mari¢ et al., 1988]. Lesions are limited to the surface layer of the
stem [Debaeke and Péres, 2003]. However, in highly susceptible genotypes
during later stages of plant development the lesions could sometimes penetrate
into the central part of the stem and could cause its breaking. A severe attack of
the pathogen causes the diseased plants to wilt and die prematurely [Mari¢ et
al., 1988]. Their heads become smaller; seeds are empty or shriveled; seed and
oil yields decrease [Darvishzadeh et al., 2008]. The role of seed in the process
of fungus transmission is not clear.

The aim of this research was to identify the presence of fungus Phoma
in seeds of different sunflower hybrids in different localities in Serbia, as well
as the correlation between stem and seed infection. The aim was also to show
the possibility and importance of seed infection for spreading of the pathogen.

MATERIAL AND METHOD

Disease assessment

Disease assessment (presence of P. macdonaldi) was performed on three
hybrids grown in six localities. Sunflower hybrids marked H7, H9 and H19
were from the Institute of Field and Vegetable Crops in Novi Sad, and the six
localities were as follows: Nestin, Kula, Panc¢evo, Vrbas, Zajecar and Sombor.
The experiment was conducted during 2010.
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The evaluation of Phoma black stem natural infections in the field was
done according to scale 0-9 (0 - no disease; 1 - 10-20%; 2 - 21-30%; 3 -
31-40%; 4 - 41-50%; 5 - 51-60%; 6 - 61-70%; 7 - 71-80%; 8 - 81-90%; 9
- 91-100%) when sunflower plants were in physiological maturity [MaSirevic,
1995]. Approximately 150 plants of each hybrid in each locality were assessed.
McKinney’s disease index was calculated. Fungicide treatments during the
vegetation were not applied to the tested sunflower hybrids.

Examination of seed health status

Untreated and processed seeds of sunflower hybrids evaluated in the
field were used for testing. Sunflower seeds were sterilized by 1% sodium
hypochlorite (NaOCl) for 5 min followed by draining. Sterilized and dried
seeds were put on wet filter paper. Seed analysis of every hybrid was done in
four replicates with 25 seeds. Sunflower seeds were incubated for 7 days at the
temperature between 25 and 26 °C. Presence of the causal agent of Phoma black
stem was identified according to morphological characteristics of isolates and
forming of pycnidia and pycniospores on the surface of sunflower seeds and in
the pure culture isolates [Boerema et al., 2004].

Seed germination data were transformed into Arcsin values and analyzed by
factorial ANOVA and Duncan test. Correlation between the level of infection in
the field and the level of seed infection in laboratory conditions was calculated.
Statistical analysis was performed using Statistica 10 software.

RESULTS AND DISCUSSION

Field evaluation

Severity of Phoma black stem did not vary between five examined localities
and it ranged from 12-16%. Significantly lower index of disease, comparing
to the other localities, was noticed only in the locality Zajecar (3.3%). Average
disease index for hybrids H7, H9 and H19 was 14.01, 13.25% and 11.83%
respectively and it shows that there are no significant differences in hybrid
susceptibility (Table 1). The index of disease indicates the resistance of hybrids
to Phoma black stem. A large majority of sunflower plants had infection intensity
10-20%, although in four out of six localities (Nestin, Kula-Vitovnica, Pancevo
and Vrbas) there were individual plants with higher infection level, but not
over 40%. Genotypes with disease attack of 20% and less could be classified
as resistant [Goian, 1984].

59



Table 1. McKinney’s disease index of Phoma black stem in tested hybrids in different localities

Locality McKinney’s disease index (%) Averz;g:r(:(l)sce;;eylndex
H7 H9 H19

Nestin 23.08 12.5 12.75 16.11
Kula-Vitovnica 11.11 20.76 15.30 15.7
Pancevo 11.11 17.11 12.30 13.5
Vrbas 22.83 12.73 14.77 16.7
Zajecar 4.01 5.30 1.03 3.3

Sombor 11.93 11.11 14.84 12.6
Average 14.01 13.25 11.83 13.0

The amount of precipitation during 2010 was highly above the average in five
out of six localities [ Republic Hydrometeorological Service of Serbia, 2010] (Figure 1).
According to A¢imovi¢ [1998] infections in natural conditions usually occur in
the first half of July. Optimal conditions for disease development are temperatures
around 25 °C, relative humidity 100% and presence of water drops. ZajeCar was
the locality with the lowest amount of rainfalls during vegetation period and the
lowest disease incidence. The amount of rainfalls in ZajeCar was at the level of
multiannual average of rainfalls in Serbia, with significantly lower precipitation
in August and September. Our results are in accordance with Mari¢ et al. [1988]
who reported that lower humidity in August and September lead to weaker attack
of Phoma black stem. Disease intensity in other tested localities was higher than
in Zajecar. During their four-year research, Fayzalla and Mari¢ [1981] found
that disease severity was greater in years with less favorable distribution of
rainfalls and these factors lead to weakness of plant vitality and increased their
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Figure 1. Monthly amount of rainfall per locality
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susceptibility to disease. Testing the sunflower inbred lines tolerance to Phoma
black stem during 2010 in Rimski Sancevi in the conditions of artificial infection,
Dedic¢ [2012] obtained higher disease intensity in the non-irrigated fields.

Seed health testing

Analysis of sunflower showed presence of fungi from the following genera:
Phoma, Alternaria, Botrytis, Sclerotinia, Penicillium, and Aspergillus. The most
frequent were fungi from genus Alternaria. The appearance of other fungi in
sunflower seed were below 5%. The seed infection with Phoma was low, but
there were two localities where a significantly higher level of seed infection
was detected (Pancevo and Nestin) (Table 2).

There is no significant correlation between stem and seed infection. This
could be explained by lower field infection and the presence of symptoms only
in stems but not in head.

Table 2. Seed infection depending on locality

Locality Seed infection with Phoma (%)
Sombor 0.672
Vrbas 1.00?
Kula-Vitovnica 1.332
Zajecar 1.67%
Nestin 3.67°
Pancevo 6.33°

F=7.41* p=0.0001*

Seed infection with Phoma (identified in untreated seed) per hybrid ranged
from 1.2-3.5% (Table 3). Average level of seed infection is different and depends
on hybrid in contrary to stem field infections. Hybrid H7 had the lowest percent
of seed infection. Darvishzadeh et al. [2007a] reported that the level of seed
infection depended on the variability in resistance among the genotypes as well
as among the isolates and their interaction.

Table 3. Seed infection depending on hybrid

Hybrid Seed infection (%)
H7 1.2

H19 2.7®

H9 3.5°

F=5.77* p=0.008*
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According to some earlier researches, the presence of P macdonaldi was
not noticed in sunflower seed and the conclusion was that seed could not serve
as a source of inoculum [Fayzalla, 1978]. However, other authors confirmed that
pathogen could develop in seed and could be transmitted by seed [El-Sayed and
Mari¢, 1981; Bhutta et al., 1997; Darvishzadeh, 2007b] and that the infection
could also lead to reduction of germination [Saharan et al., 2006]. Levi¢ et
al. [2012] in a recent study of seed mycoflora (seed samples originated from
different localities in Serbia) did not detect P. macdonaldi in sunflower seed.
Our results showed the presence of P. macdonaldi in seed. Similar percent of
seed infection (0.25-3.25%) was also confirmed by other authors [Staji¢ et al.,
2001]. Infected seeds could be eliminated through fungicide treatment [Mari¢
et al., 1988]. It is well known that all commercial seed is treated with some
fungicides and that is one of the most important reasons why this pathogen
could not be widespread from region to region by contaminated seed. These
results indicate that this pathogen is seed borne.

BLACK STEM IN SUNFLOWER
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CONCLUSION

The tested sunflower hybrids had stem infection intensity from 10-20%
and seed infection from 1-3.5%. In the conditions of naturally infected plants
such disease incidence indicates that there is no significant correlation between
field stem and seed infection, despite the fact that these pathogen can be seed
borne.
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Bomko I1. eauh?, Urop I1. Banammh?

"Vaugepsuter y HoBom Cany, [TossonpuBpeiau (axyiTer,
Tpr Hocuteja Oopanosuha 8, Hosu Can, Penyonuka Cpouja
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MHCTUTYT 3a paTapcTBO U MOBPTApCTBO,
Maxcuma ['opxor 30, Hosu Can, Peny6nnka Cpouja

CAXETAK: Phoma macdonaldi Boerema; tencomopd Leptosphaeria lindquistii
Frezzi jenan je ox HajpalIMpeHUjUX NaroreHa CyHuokpera. L{nip oBor mcrpaxuBama
610 je 1a ce yTBpAM NPHUCYCTBO IJbMBe P. macdonaldi Ha ceMeHy pa3IMIUTUX XHOpUaa
CYHIIOKpETa Kao u Kopenaiyja mmMely nHpeknuje cradna y mojby U HHPEKIHje ceMeHa.
[Iporena mHTE3nTEeTa OOJECTH W3BPIICHA j€ HA TPHU XUOpHIA Koja Cy TajeHa Ha IIeCT
JIOKauTeTa. 3a oApeljuBarme 3ApaBCTBEHOT CTamba KOPHUIINEHO je HETPETUPAHO H JA0pa-
heHo ceme xuOpu1a HICITUTUBAHUX Y 110JbY. IHTEH3UTET Hama/ia 60IecTH HUje ce 3Ha4ajHO
pasiukoBao Mely nokanmureruMma. [Ipoceuan mHmekc obosbera 3a xubpunae H7, H9 u
H19 6mo je 14,01%, 13,25% u 11,83% miro moka3syje Aa He OCTOj€ 3HAUAjHE pa3JIHKe y
OCETJEUBOCTH XHOpHAa TIpeMa IPHOj IMeraBocTH. Takole, 1oOMjeHn MHICKC yKa3yje Ha
TOJICPAHTHOCT MCITUTHBAHUX XHOpH/Ia IpeMa OBOM IIPOY3POKOBady OOJIECTH. AHATH30M
37paBCTBEHOT CTama CEMEHa CYHLIOKpeTa yTBpHEHO je MPHCYCTBO IJbMBa M3 cienehux
ponosa: Phoma, Alternaria, Botrytis, Sclerotinia, Penicillium n Aspergillus. 3apaxeHOCT
cemeHa TJbuBoM P. macdonaldi yrBphena je Ha nopal)eHOM M HETpPETHPaHOM CEMEHY U
kperana ce on 1,2-3,5%. Huje yTBpheHa craTucTHUKM 3HayajHa Kopelanuja u3mMelhy
nH}eKIje ctabila U CeMeHa y MOJbCKUM ycioBuMa. OBO ce MOXKe 00jaCHUTH HUCKUM
CTEIIEHOM HallaJia aToreHa ¥ MpUCyCTBOM CHMIITOMa caMo Ha cTallly, a He Ha IJIaBHIH
CYHLIOKpETa.

KIJbYUHE PEUU: Phoma macdonaldi, nadexunja y mosby, CeMe CyHIIOKpPETa
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INHERITANCE OF ECONOMIC TRAITS
OF MICROCERASUS TOMENTOSA THUNB.
INTERVARIETAL HYBRIDS

ABSTRACT: A hybrid fund of Microcerasus tomentosa comprising 6 fami-
lies with a total of 287 plants has been created. The features of the inheritance of
important economic traits in hybrid offspring intervarietal hybrids Microcerasus
tomentosa are defined. The hybrid family and cross combinations with high features
of macrocarpa, small fruit size, dry berry separation, vitamin C, immunity and pre-
cocity are defined. During the study period of controlled hybrid offspring of crosses
a number of elite seedlings was identified — Haranu x FO0uneiinas, Haranu x Cmy-
misiHka BocrouHast, and Haranm x Po3oBast ypoxaiinas that combine high rates of
fruit weight with other economic traits.

KEYWORDS: Microcerasus tomentosa, Monilia cinerea, intervarietal hy-
bridization, reciprocal hybrids

INTRODUCTION

Plant breeding success is largely dependent on the source of material
and the degree of scrutiny. Varied primary sources are a reliable reserve of the
selective breeding process. Allocation from the created gene pool of economic
traits, preparation of new genetic donors in the actual directions of selective
breeding, and development of the effective methods of their involvement in
programs of the selective breeding are of crucial importance.

The fruit crop Microcerasus tomentosa is a promising crop for cultivation in
Belarus. It covers the territory from the Pacific Ocean to the Himalayan Mountains
and mountainous Turkestan in Central Asia [I{apenko, 2004] and has a range of
ecological plasticity and sufficient frost hardiness. Microcerasus tomentosa is

* Corresponding author: E-mail: gritskevitchev@mail.ru
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widely introduced in Japan, China, Korea and the Far East — Khabarovsk and
Primorsky regions of Russia. Microcerasus tomentosa is found to be promising
for cultivation in the harsh conditions of the Canadian Prairies and in the north
of the United States [Epemun, 1996; Kazsmun, 1975; Muxees, 1990].

Almost none of the varieties of Microcerasus tomentosa is found suitable for
the ground and climatic conditions of the Republic of Belarus. Only some of them
are recommended for home gardening. This is primarily due to the lack of varieties
resistant to Monilia cinerea and a large percentage of plant death at the age of
8—12 years in commercial orchards, low transportability of berries (wet berry
separation and juice loss), absence of self-fertile varieties, very early flowering
(without pollinators), and damping-oft root collar in the spring. However, the
cultivation of this crop is justified because of its early appearance, high annual
yield, and resistance to frost and coccomycosis [byuenkos, 2000; Llapenko, 2004].

Michuryn 1. V. was the first who came across Microcerasus tomentosa
and introduced it to the gardens of the European part of Russia in 1923. First
scientifically based selective breeding of Microcerasus tomentosa started in the
1930s by Tikhonov N. N. and continued by Kazmin G. T in the 1940s—50s. Since
the 1970s the work on cherry selective breeding was continued by Carenko V.
P. and Carenko N. A. [Epemun, 1996; Kazpmun, 1975; Muxees, 1990].

The aim of our work is to analyze Microcerasus tomentosa hybrid offspring
of our breeding and the selection of the promising forms.

MATERIAL AND METHODS

Studies on intervarietal hybridization and analysis of morphological and
biological characteristics were performed from 2004 to 2012. This article
presents the average values after nine years of research.

The object of research is a hybrid offspring out of intervarietal crossing of 6
Microcerasus tomentosa varieties: Pannss po3osas, XabapoBuanka, CMyTIsTHKa
BoctouHasd, FO6uneiinas, Po3oBas ypoxaiinas, and Haranu.

Hybridization, field observations and experiments were performed [Cemo-
Ba, 1999]. The hybrid forms were evaluated by diameter and weight of the fruit,
the ratio of fruit weight to stone mass, type of separation of fruit, the vitamin
C content, resistance to Monilia cinerea, and the timing of entry into fruition.

Resistance to Monilia cinerea was scored on the general status of plants:
1 point bushes perfectly healthy; 2 points — slight damage (individual twigs), 3
points — average loss (about 30% of twigs), 4 points — severe loss (up to 50%
of twigs), 5 points — lesions on more than 50% of twigs, no gain.

Berry weight was determined by weighing 100 randomly selected fruits.
Ascorbic acid content in berries in the phase of full ripeness was determined
by the indophenol method.
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RESULTS AND DISCUSSION

As a result of intervarietal hybridization in 30 cross combinations, 4,064
flowers were pollinated, 2,227 seeds received, and 861 seedlings grown (Table
1). After culling, 287 plants were selected for further study.

Table 1. Some features of intervarietal hybrids of Microcerasus tomentosa varieties
(aggregated data over 9 years)

i Accounting of | Collected Grown
Crossing combination q Pollinated ovary fruits seedling
oWers, pieces — 5 - 5 - .
pieces | % |pieces| % |pieces| %
Pannss po3oBas x 126 77 | 61.11 | 71 |[5635| 25 | 19.84
XabapoBuaHka
Pannsis pozoast x 141 80 |56.74| 73 |51.75| 27 |19.15
CMyTIsIHKa BOCTOYHAS
Pannsis pozoBast x 136 75 | 59.15| 64 [47.06| 18 | 13.24
FO6ueiinas
Pannss po3oBas x 128 73 | 57.03| 68 |53.13| 23 |17.97
Po3oBas ypoxaiinas
Pannss posoBas x 127 75 159.06| 70 |S55.12| 27 |21.26
Haranu
XabapoBuaHka X 132 82 | 6212 75 |56.82| 28 |21.21
Pannsis poszoast
XabapoByaHKa X 121 8 [ 7075 79 | 6529 | 31 |25.62
CMyT/IsIHKa BOCTOYHAS
XabapoB4yaHKa X 146 86 | 5890 | 80 |54.79| 36 |24.66
HO0uneiinas
XabapoBuaHka X 134 83 | 6194 | 77 |5746| 39 |29.10
Po3oBas ypoxaiinas
XabapoByaHKa X 124 84 [67.74| 80 |6452| 35 |28.23
Haranun
CMyIIsiHKa BOCTOUHAS X 145 77 | 53.10 | 71 | 4897 | 27 | 18.62
XabapoBdyaHka
CMyTyIsIHKa BOCTOYHAS X 136 8l 5959 74 | 5441 | 28 |20.59
Pannss poszoas
CMyT/IsIHKa BOCTOYHAS X 125 78 | 6240 | 72 |57.60| 32 |25.60
HO0uneiinas
CMyIIsiHKa BOCTOUHAS X 142 74 | 52.11 66 | 46.48 19 | 13.38
Po3zoBas ypoxaiinas
CMyTIIsIHKa BOCTOYHAS X 137 69 |5036| 60 |43.80| 15 | 10.95
Harainu
HO0uneiinas x 144 72 150.00 | 67 |[46.53| 20 | 13.89
CMyT/IsIHKa BOCTOYHAS
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FO6uueiinas x 126 68 | 5397 62 |49.21 17 | 13.49
XabapoBdyaHka

[O6uneiinas x 131 67 | 5115 61 |4656| 14 | 10.69
Pannsig po3oBast

FO06uneiinas x 147 71 | 4890 | 67 [4558 | 19 | 1293
Po3oBas ypoxaiinas

FO6ueiinas x 150 73 1 48.67 | 69 |46.00 | 23 | 1533
Haramu

Po3oBas ypoxaiiHas x 123 8 [ 69.11 | 78 |63.41| 29 |23.58
[O6uneiinas

Po3oBas ypoxaiiHas x 135 88 [65.19| 82 |60.74| 40 |29.63
CMyT/IsIHKa BOCTOYHAS

Po3oBas ypoxaiiHas x 149 8 5772 79 |53.02| 28 | 18.79
XabapoBdyaHka

Po3oBas ypoxaiiHas x 132 84 | 63.64| 76 |57.58| 30 |22.73
Pannss po3oBast

Po3oBas ypoxaiiHas x 137 87 6350 80 |5839| 36 |26.28
Harann

Haranu x 125 92 | 73.60 | 86 |68.80| 41 |32.80
Po3zoBas ypoxaiinas

Haranu x 147 94 | 6395 | 88 |59.86| 43 |29.25
Pannsd po3oBast

Haranu x 145 91 | 6276 | 83 |5724| 35 |24.14
XabapoBuaHka

Haranu x 133 90 | 67.68 | 84 |63.16| 37 |27.82
CMyTysiHKa BOCTOYHAs

Haranu x 140 93 | 6643 | 8 |60.71| 39 |27.86
[O6uneiinas

It is established that Haramu and Xa6aposuanka grades are characterized
by higher rates of set of fruits at cross-pollination, where the maternal plant is
Haranu grade.

One of the main objectives of Microcerasus tomentosa selection is the
increase in the size of fruits. The analysis of average values of diameter and mass
of fruits has shown that their maximum values are typical of hybrid families
where the maternal plant is Hatanu grade (Table 2). The analysis of hybrid
progeny has revealed significant differences in combining ability of the original
parental grades on the basis of the diameter of fruits. Most of the studied grades
significantly exceeded their offsprings. Field evaluation of hybrid seedlings,
conducted in different years showed that the highest yield of large-fruited
plants 1s observed in those combinations where both or one of the parents had
adequate high rate. Thus, in combinations of crossing Hatanu x CmyrisHka
BocTovHast, FOOmeitHas x CmyrisiHka BoctouHasi, and Po3oBast ypoxkaiiHast X
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CwmyrisHka BoctouHas the share of seedlings with large fruits was 72.5-85.7%,
and in combinations of Haramu x FOOuneitnas, and Haranu x Po3oBas ypo-
xaitHas — above 90%. The analysis of medium-sized fruits has shown that in
a hybrid family where the parent variety is Pannss po3zosas, diameter is 1.64
+ 0.15 cm; Xabaposuanka — 1.47 + 0.12 cm; CmyrisHKa BocTouHast — 1.69 +
0.16 cm; FOGuneiinas — 1.77 + 0.18 cm; PozoBas ypoxkaiinas — 1.73 £0.17 cm;
and Haramu — 1.82 + 0.19 cm (Table 2). Maximum diameter of fruits recorded
in reciprocal hybrids of Haranu x FO6uneitnas is 1.94 + 0.21 cm.

The analysis of hybrid offspring has shown that the greatest number of
plants in the progeny of grades with different fruit weight usually occupies
an intermediate position between the parental forms. However, in most
combinations of individual seedlings some were superior to the best parent
form of the analyzed lines.

The evaluation of a number of fruit Microcerasus tomentosa parental
forms and intervarietal hybrids has identified a close relationship between
the manifestation of this trait and the characteristics of the genotype. It was
found that the source of increased mass of berries are Haranu and KO6uneitnas
grades. In all hybrid combinations involving these grades, obtained transgressive
seedlings (from 6.5% to 12.8%) with fruit weight 3.9-4.6 g, and their output
did not depend on the maternal or paternal form used.

It was found that the average fruit weight in the hybrid family with Pannss
po3oBas as the mother grade was 2.25 £0.17 g; Xabaposuanka —2.05 +0.14 g;
Cwmyristaka BoctouHas — 2.55 + 0.19 g . FOouneinas — 3.55 £ 0.21 g; Po3zoBas
ypoxaiinas — 3.05 = 0.20 g; and Haranu — 4.00 + 0.23 g (Table 2).

Table 2. Quality of fruits of varieties of Microcerasus tomentosa (aggregated data over 9 years)

Hybrid family Diameter of MaSS.Of a Mass of a Type .Of a C.onte.nt of

(maternal grade) | a fruit, cm fruit, stone, g. (%) separation of | vitamin C,
’ g. > a fruit mg/ 100 g.

Pannsis 0.18+0.03

Pososas 1.64£0.15 | 2.25+0.17 (8.00) damp 19.9£1.7

Xabaposuarka | 147+0.12 | 2.05+0.14 og ﬂ;g.)oz damp 187415

CmyrisiHKa 0.19+0.04 .

BOCTOUHASL 1.69£0.16 2.55+0.19 (7.45) semi-dry 25.4+1.9

[OGuciiHas 1.77:0.18 | 3.55:0.21 0'%5133')05 semi-dry | 32.5:2.4

Pososas 1.73£0.17 | 3.05:020 | 0202004 1 qop | 23518

ypoXKaiHast (6.56)

Hara 1.8240.19 | 4.00£0.22 0'%5132')05 semi-dry | 30.6+2.1
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The value of Microcerasus tomentosa grades is also defined by a ratio
of mass of edible part to the mass of a stone. The volume of waste in many
respects depends on this indicator. According to Merepauues E. S1. the stone
has to be small, not comprising more than 7%. The average stone mass in the
hybrid family with Pannss po3osas as the mother grade was 0.18 = 0.03 g;
Xabaposuanka — 0.17 £ 0.02 g; Cmynisaka Boctoynas — 0.19 + 0.04 g; KO6u-
neitHas —0.21 +0.05 g; PozoBas ypoxaiinas —0.20 = 0.04 g; and Haramu —0.21
+ 0.05 g. Our research showed that smaller stones are typical of the reciprocal
hybrids of Haramu x KO6uneiinas (5.76%) and Haranu x Po3oBas ypoxaiinas
(6.28%), and larger ones for Xabapopuanka x Panuss pozoBas (8.17%) and
Xabapopuanka x CmymisiHka BoctouHast (7.86%) (Table 2). Minimal stone mass
is fixed in reciprocal hybrids Haranu x FOGuneitnas. In hybrid families Hatanu
x FO6uneitnas and Haramu x Po3oBas ypoxaiinas the share of transgressive
seedlings for this indicator was 9.5% and 18.7 %, respectively.

The study of vitamin C content in the period of biological ripeness of
fruits showed that in hybrid families this indicator changes, ranging from 18.7
to 32.5 mg/100 g. In fruit hybrids, where the mother plant is Pannsis po3osas,
the average content of vitamin C is 19.9 + 1.7 mg/100 g; Xabapos4yanka — 18.7
+ 1.5; CmyrmisiHka BoctouHast — 25.4 £ 1.9; KO6uneitnas — 32.5 + 2.4; Po3oBas
ypoxaitnas — 23.5 + 1.8; Haramu — 30.6 + 2.1 (Table. 2). Selection estimation
of intervarietal Microcerasus tomentosa hybrids indicates the possibility of
obtaining forms with high vitamin C content by excision in the hybrid offspring
of transgressive genotypes. The most effective donors of these traits were
FO0uneitnas and Haranu grades. However, the determination of the degree of
dominance revealed that inheritance of vitamin C inclines to a worse parent,
and even depression in most of the studied families. The heterotic effect was
only found in Haramu x FOGuneitnas family.

The study of hybrid forms on the basis of separation of fruits showed that
the dry berry separation is typical of hybrids where maternal plants are Cmy-
mIsiHKa BocTouHast, FOOuneiinas, and Haranu grades (Table 2).

Offspring of varieties crossed with a wet margin fruit was mainly
characterized by low rate of the studied trait, and a significant portion of
seedlings had a negative transgression. In combination with the best of these
parents, there were identified transgressive seedlings superior to parents. Thus,
in Haramu x FOOuneitnas and Haramu x Cmyrisiaka BoctouHas families there
was found 40.7% and 56.5% respectively of plants with dry margin.

As a result of the analysis of Microcerasus tomentosa hybrids stability to
Monilia cinerea it is established that hybrid families significantly differ due to
this indicator. Absolutely steady forms have not been revealed. Hybrid families
where maternal plants were Cmyrisiaka Boctounasi, KO6uneiinas, and Hara-
mu grades were put into relatively stable group (loss 2 points); with average
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steadiness (3 points) — Po3oBast ypoxaiinas; unstable (4 points) — Pannsis
po3zosas, and Xabaposuanka (Table 3).

The assessment of hybrid fund on the basis of an early maturing of fruits
allowed to define that the earliest introduction in fructification is typical of
hybrid families where maternal plants were Haranu and FOOuneiinas grades
(Table 3).

Early introduction in fructification is particularly noted in the reciprocal
combinations of Haranu x FO6uneiinas where more than 50% of seedlings enter
a fructification period on the 3rd year of vegetation.

Table 3. Stability to Monilia cinerea and early maturing of fruits of Microcerasus tomentosa
varieties (aggregated data over 9 years)

Hybrid family (maternal grade) Stability to I])V([)(fgtl lia cinerea, frflréggggzgg?;gar
Pannsis pozoBast 4 4
XabapoByaHka 4 5
CMyT/IsIHKa BOCTOYHAS 2 4
HO6uneiinas 2 3
Po3zoBas ypoxaiinas 3 4
Haramm 2 3
CONCLUSION

The hybrid fund of 6 families and 287 plants by the way of inter-high
quality hybridization of Microcerasus tomentosa has been created.

Hybrid families, where maternal plants are Cmyrisaka Boctounasi, FO6u-
neiinas, and Haramu grades, have high features of macrocarpa, a small fruit
size, dry berry separation, and vitamin C.

The hybrid forms of families, where maternal plants are CmyrsiHKa Boc-
tounas, KO6uneiinas, and Haranu grades, can be used as an initial material in
the selection of Monilia cinerea stability.

The early introduction in fructification is typical of hybrid families with
HO6uneiinas and Haranu grades.

During the study period of controlled hybrid offspring of crosses a number
of elite seedlings was identified — Haranu x FO6uneitnas, Haranu x Cmyrinsaka
BoctoyHas, and Haranu x Po3oBas ypokaiinas, that combine high rates of fruit
weight with other economic traits.
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HACJIIEBUBAKBE EKOHOMCKHUX OCOBMHA
KO MICROCERASUS TOMENTOSA THUNB.
MEDBYCOPTHUX X1UBPUIA

Urop Enyapnosuu Byuenkos, EBrennj PoctucinaBosuu [puiikeBuy

Mehynaponuu npxaBHE ekoiommkn yHuBep3uTeT A. JI. CaxapoB, DakynTeT eKOJIOIIKE
MenntmHe, Jlonmrodpoackaja ymuma, Munck 220070, Penryonmka benopycuja

PE3NME: Hampasssen je xubpunnu doua Microcerasus tomentosa XKoju ce ca-
CTOjH OZ LIECT Mopoanma ca ykymHo 287 Owpaka. [leuHucaHe cy KapaKTEpHCTHKE
HacnehuBamba BAXHUX €KOHOMCKHX OCOOMHAa XHOpHAHOT motomcTBa Microcerasus to-
mentosa melycoptaux xubpuma. OxapeljeHa je xuOpuaHa MOPOIHIIA Ka0 W YHAKPCHE
KOMOMHAIMje ca BHCOKMM O0ENeXKjuMa BEJIMKOT M Major IUIO/a, CErapanujoM CyBHX
600u1a, ButamMmuHoM LI, MyHHTETOM M TIpeBpeMeHHM pa3BojeM. TokoM mepuona uc-
Tpa)XMBamba KOHTPOJIMCAHOT YKPIITEHOT XHOPHIHOT IOTOMCTBA, YCTAHOBJBEH je Opoj
enuTHUX cagHnna — Haramm x FOOunennast, Haramm x CmyrnsHka Boctounas u Ha-
Tamu X Po3oBas ypoxanHas kojeé KOMOWHY]Y BHCOKY CTOITy TEXHHE IIIOA ca JPYTUM
E€KOHOMCKHM 0COOMHaMa.

KJbYYUHE PEYUU: Microcerasus tomentosa, Monilia cinerea, meljycopTHa Xxudpu-
JM3aluja, peUIpOYHU XHOpUan
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VERTEBRATE FAUNA AT THE NEOLITHIC AND
ENEOLITHIC SITES IN VOJVODINA (SERBIA)

ABSTRACT: Based on current research results, a total of 40 vertebrate spe-
cies from 4 classes have been registered at 10 archaeological sites from the Neo-
lithic period in Vojvodina (Serbia). The most numerous one is the mammal class
(Mammalia) with 25 species, then bird class (Aves) with 9 species, osteichthyes
(Osteichthyes) are represented by 5 species, while reptiles (Reptilia) are the poorest
class with only one species. For the Eneolithic period, at 7 archacological sites, a
total of 11 species members of Mammalia class have been registered.

KEYWORDS: Archaeological sites, Neolithic period, Eneolithic period, ver-
tebrate fauna, Vojvodina (Serbia)

INTRODUCTION

Over the past eighty years or so, archacozoological researches of various
periods have been done at dozens of sites in Vojvodina. The collected sample
is immense, and it predominantly consists of vertebrate bones (Vertebrata),
seashells and snail shells (Mollusca). The paper shows data from 10 sites from
the Neolithic and 7 sites from the Eneolithic period. Bones were collected for
the first time in 1932 at Starc¢evo Neolithic site, where the research continued
between 1969 and 1970 [Clason, 1980]. Sites Nosa-Biserna Obala, where
works started in 1957 [BOkoényi, 1974], and Ludas-Budzak where the
archaeological digs were done in 1965 [BOkonyi, 1974] also belong to this
period. Golokut near Vizi¢ was researched in 1973 and 1976 [Blazi¢, 1984],
and Donja Branjevina near Deronje in 1987 [Blazi¢, 1992a]. Osteological

* Corresponding author E-mail: desanka.kostic@dbe.uns.ac.rs
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materials at multilayered Gomolava archaeological site, where the digs initially
started in 1953 [Petrovi¢, 1984], have been sistematically collected since 1971.
There are 4 and 6 sites from the Neolithic and Eneolithic period respectively
along the highway through Srem (Neolithic sites: Malo Kuvalovo-Krnjesevci,
Prosine-Pecinci, Zlatara-Ruma and Kudo$-Sasinci, and Eneolithic sites:
Zlatara-Ruma, Zirovac-Ruma, Kudo$-Saginci, Livade-Sremska Mitrovica,
Mitrovacke livade-Sremska Mitrovica and Erem-Sremska Mitrovica) [Blazic,
1992b].

Faunal communities, which have been successively changing in the
territory of Vojvodina during the Pleistocene and the early Holocene, are
indicators of climatic conditions. They help the reconstruction of environments
and are significant for studying periods and human cultures [Nedeljkovi¢, 1993].
Current thorough archaeozoological researches in the territory of Vojvodina
show that present fauna is just the remnant of a far richer fauna from the early
Holocene.

MATERIAL AND METHODS

This paper shows results of the vertebrate (Vertebrata) fauna research
from 10 archaeological sites in Vojvodina from the Neolithic and 7 sites
from the Eneolithic period (Map 1). Osteological material comes from the
settlements and necropoleis. Determination has been done according to
the keys by Driesch [1976], Schmid [1972] and comparative osteological
collections.

RESULTS AND DISCUSSION

The period that the collected and processed material from archaeological
sites in Vojvodina originates from, is divided into nine phases, of which the
Neolithic (6000-3200 BC) and the Eneolithic period (3200-2000 BC) can be
singled out. The most important archaeological site in Vojvodina is Gomolava-
Hrtkovci, where eight cultural layers have been recorded. For the purposes of
this paper, the following periods receive special attention: late Neolithic — early
Eneolithic (3800-3400 BC) (marked with “I” in the text); middle Eneolithic
(3400-2800 BC) and late Eneolithic (2800-2000 BC) [Petrovi¢, 1984]. The
second and third layer in this paper are marked with “II-II1".
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Map 1. Map of Vojvodina with marked sites (1-14) with dating given for each site (I for the
Neolithic and II-III for the Eneolithic).

1. Gomolava-Hrtkovei (I, II-III), 2. Golokut-Vizi¢ (I), 3. Donja Branjevina-Deronje (1), 4.
Nosa-Biserna obala (I), 5. Ludas-Budzak (1), 6. Star¢evo (I), 7. Malo Kuvalovo-Krnjeseveci (I),
8. Prosine-Pecinci (1), 9. Zlatara-Ruma (I, II-1T), 10. Zirovac-Ruma (II-1II); 11. Kudos-Saginci
(I, II-111); 12. Livade-Sremska Mitrovica (II-11I); 13. Mitrovacke livade-Sremska Mitrovica
(II-11I); 14. Erem-Sremska Mitrovica (II-11I)
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Based on current research results, a total of 40 vertebrate species from 4
classes have been registered at 10 archaeological sites in Vojvodina (Serbia)
from the Neolithic period. The most numerous one is the mammal class
(Mammalia) with 25 species classified in 5 orders, of which Carnivora and
Artiodactyla are present with 10 and 8 species respectively. Bird class (Aves) is
represented by 9 species classified into 4 orders, while from the Accipitriformes
order determination could be done only to genus. Osteichthyes (Osteichthyes)
are present with 5 species classified into 3 orders, while reptiles (Reptilia) are
the poorest class with only one species (Table 1).
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Table 1. Fauna of some archaeological sites in Vojvodina during the Neolithic (I) and Eneo-

lithic (II-11I)

TAXON DATING SITE AND AUTHOR
Classis MAMMALIA

Ordo Rodentia

Castor fiber L. 1758 I 1[2],[14]; 3[3]; 5[9]; 6[15]

Ordo Lagomorpha

Lepus europaeus Pall. 1778 I 1[2],[14]; 2[17; 3[3]; 4[9]; 5[91; 9[4]
1111 11[4]

Lepus capensis L. 1758 I 1[2],[14]

Ordo Carnivora

Canis familiaris L. I 1[2],[14]; 2[1]; 3[3]; 5[91; 6[15]; 7,9[4]
1-111 1[2]; 9,11[4]

Canis lupus L. 1758 1 1[2],[14]; 2[1]; 5[9]; 6[15]

Vulpes vulpes (L. 1758) I 1[2],[14]; 3[3]; 5[9]; 6[15]; 9[4]

Ursus arctos L. 1758 1 1[2],[14]; 6[15]

Mustela nivalis L. 1766 I 1[2],[14]

Martes martes (L. 1758) I 3[3]; 9[4]

Meles meles (L. 1758) I 1[2],[14]; 4[97; 5[9]; 6[15]

Lutra lutra (L. 1758) I 1[2],[14]; 3[3]; 6[15]

Felis silvestris Schreber 1777 I 1[2],[14]; 5[97; 6[15]

Lynx lynx (L. 1758) I 1[2],[14]

Ordo Perissodactyla

Equus hydruntinus Regalia 1907 |1 4[91; 5[97; 6[15]

Equus ferus Boddaert 1785 I 1[2],[14]

Equus przewalski Poliakov, 1881 |1 6[15]

Equus cabalus L. 1758 I 1[2],[14]
1111 11,14[4]

Ordo Artiodactyla

Sus scrofa domestica L. 1758 I 1[2],[14]; 2[1]; 3[3]; 5[9]; 6[15]; 7,8,9[4]
1111 1[2]; 9-14[4]

Sus scrofa L. 1758 I 1[2],[147]; 2[17; 3[3]; 4[9]; 5[9]; 6[15];

9,11[4]

1111 1[2]; 10,11,14[4]

Sus sp. I 1[2],[14]; 6[15]

Cervus elaphus L. 1758 I 1[2],[14]; 2[11; 3[3]; 4[9]; 5[9]; 6[15];

7,8,9[4]

HI-111 1[2]; 9,10,11,13,14[4]
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Capreolus capreolus (L. 1758)

—

1[2],[14]; 2[1]; 3[3]; 4[9]; 5[9]; 6[15];

7,8,9[4]
1111 1[2]; 9,13[4]
Bos taurus L. 1 1[21,[14]; 2[1]; 3[3]; 4[9]; 5[9]; 6[15];
7,8,9,11[4]
1111 1[2]; 9-14 [4]
Bos primigenius (Bojanus 1827) |1 1[2],[14]; 2[1]; 3[3]; 4[9]; 5[9]; 6[15]
1111 10,11[4]
Bos sp. I 6[15]
Ovis aries L. 1758 I 1[2],014]; 2[1]; 3[31; 4[9]; 5[9]; 6[15];
7.9,11[4]
111 1[2]; 9-14 [4]
Capra hircus 1.1758 I 1[2],[14]; 2[1]; 3[31; 4[9]; 5[9]; 6[15];
7,9,11[4]
1-111 1[2]; 9-14 [4]
Classis AVES
Ordo Anseriformes
Anas clypeata L. 1758 I 6[15]
Anser anser (L. 1758) I 1[2],[14]; 6[15]
Anser fabalis (Latham 1787) I 6[15]
Cygnus olor (Gmelin 1789) I 6[15]
Cygnus cygnus (L. 1758) I 6[15]
Ordo Accipitriformes
Milvus sp. I 6[15]
Aquila sp. I 6[15]
Circus sp. I 6[15]
Ordo Galliformes
Gallus domesticus (L. 1758) I 6[15]
Ordo Gruiformes
Grus grus (L. 1758) I 6[15]
Otis tarda L. 1758 I 3[3]; 4[97; 6[15]
Ordo Charadriiformes
Numenius arquata (L. 1758) I 6[15]
Classis REPTILIA
Ordo Testudines
Emys orbicularis (L. 1758) I 1[2],[14]; 3[3]; 5[9]
Classis OSTEICHTHYS
Ordo Salmoniformes
Esox lucius L. 1758 I 1[2],[14]; 3[37; 5[9]; 6[15]
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Ordo Cypriniformes
Aspius aspius (L. 1758)
Abramis brama (L. 1758)
Cyprinus carpio L. 1758

—

6[15]
6[15]
1[2],[14]; 3[3]; 5[9]; 6[15]

—

—

Ordo Siluriformes
Silurus glanis L. 1758 1 1[2],[14]; 3[3]; 5[9]; 6[15]

N.B. The number in the square brackets is the reference number; the number outside
the square brackets is the site number

After the analysis of the fauna at archaeological sites, it can be concluded
that, when it comes to mammals, the most diverse fauna is at Gomolava (site
no. 1) where 22 species of this class have been registered, together with only
one bird species, one reptile species and 3 fish species [Clason, 197914; Blazic,
1986/]. The next in line is Star¢evo (site no. 6) where 18 mammal species,
9 bird species (which is the greatest diversity of this vertebrate class at the
Neolithic sites in Vojvodina) and 5 fish species have been registered [Clason,
198001, Similar situation is at Donja Branjevina (site no. 3) where 14 mammal
species, 3 fish species, one reptile species and one bird species have been
registered [Blazi¢, 1992al*']. With 16 mammal species, 3 fish species and one
reptile species, Ludas-BudZak (site no. 5) is not far behind [Békonyi, 197411].
At Golokut (site no. 2), as well as at sites along highway though Srem: Malo
Kuvalovo-Kmjesevci (site no. 7), Prosine-Pecinci (site no. 8), Zlatara-Ruma
(site no. 9) and Kudos-Sasinci (site no. 11) only mammals have been registered,
while the greatest number of species (11) has been recorded at Golokut and
Zlatara [Blazi¢, 19841"); 1992b!'4] (Table 1).

Bos taurus 1is the only species present at all ten above-mentioned sites
from the Neolithic period. The proportion of this species in mammal fauna at
several Neolithic sites in Romania is over 50% and its presence in relation to
domesticated mammal species is over 70% [Stanc et al., 2010]. Domination
of ox is also discussed by Blazi¢ et Radmanovi¢ [2011] in Kolubara basin in
Serbia. As opposed to these findings, for domestic species, beside Bos taurus,
Susi [2007] also mentiones Canis familiaris, Ovis aries, Capra hircus and Sus
scrofa domestica present at several Neolithic sites in the territory of Romanian
Banat and Transylvania.

The aforementioned composition of wild fauna is, above all, a result of
the fact that at the end of the Pleistocene and the beginning of the Holocene
there was a drastic climactic changes that affected flora and fauna of Europe
[Sommer et Benecke, 2006], and therefore of the Pannonian Plain. The cli-
mactic changes were the aftermath of lowering of glaciers all the way to Pan-
nonian Plain and their subsequent retreat. During the glacial (Gilinz, Mindel,
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Riss, Wiirm) Pannonia was almost completely surrounded by glaciers. Melt
downs occurred in certain time intervals when interglacial periods appeared
(Glinz/Mindel, Mindel/Riss, Riss/ Wiirm) and when glaciers retreated far to the
north [Nedeljkovi¢, 1993]. As it can be seen from the Table 1, at Gomolava,
Donja Branjevina, Nosa-Biserna Obala, Ludas-Budzak, Starcevo and Zlatara
sites, the presence of the following species has been registered: Meles meles,
Martes martes, Mustela nivalis and Lutra lutra (Carnivora order). This is very
significant because, after the last glaciation, the populations of the first three
species were separated in Iberian, Italian and Balkan peninsula, and the spe-
cies Lutra lutra is considered to be the Holocene immigrant. Felis silvestris
also re-colonised Europe during the last glaciation from the above-mentioned
refugiums [Sommer et Benecke, 2004; 2006]. Cervus elaphus appeared in the
territory of Serbia during the Riss/Wiirm interglacial. It continued to exist in the
Holocene, therefore it frequently occured at archaeological sites in Vojvodina,
mostly because it was an important game. Bos primigenius is a form of Bison
typical for a warmer climate, and it appeared in the Pleistocene (Wlirm) inter-
stages. It was also widespread during the Holocene [Nedeljkovi¢, 1993]. Equus
hydruntinus survived climactic changes at the end of the Pleistocene and came
to the fore at the beginning of the Neolithic, characterising thus the wild fauna
of the Kor6s culture (Nosa-Biserna obala and Ludas-Budzak) [Lazi¢, 1988].
Characteristics of sites also affect the fauna composition. Gomolava
was erected on the Sava River left bank [Petrovi¢, 1984]. During the middle
Neolithic, the area around this site, as well as the Fruska Gora Mountain, were
covered in mixed deciduous oak forests in which there were small glades
covered with grass and underbrush. Apart from this, there was also a wetland
area in the old abandoned branch of the Sava River. This environment affected
the richness of the vertebrate fauna [Classon, 1979]. Remains of wild animals
from the archaeological site Golokut, to a certain extent, also represent the
image of fauna of the Fruska Gora Mountain, which has been changed today
[Blazi¢, 1984]. In the flat part of Srem, between southern slopes of the Fruska
Gora Mountain and Sava River, in fertile plain rich in water streams, the fol-
lowing archaeological sites are located: Malo Kuvalovo, Prosine, Zlatara and
Kudos. In the natural environment that offered good life conditions, flora and
fauna were rich [Blazi¢, 1992b]. Settlement Starc¢evo was on the old Danube
bank, at the border of river valley near Pancevo [Classon, 1980]. In prehis-
toric times, river valley was a wetland, intersected with meanders, streams
and marshes overgrown with reed. The valley was most likely combination of
forests and open areas. The river was much closer to the settlement than it is
today. Cervus elaphus, Sus scrofa and Bos taurus are the signs of the forest-
steppe surroundings of the site, while the remaining wild species are the signs
of a wetland terrain [Lazi¢, 1988]. Donja Branjevina site is characteried by
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the vicinity of the Danube, rich forests, and low banks with wetland habitats
[Blazi¢, 1992a]. In the northern part of Vojvodina there are Nosa-Biserna
Obala and Ludas-BudZzak Neolithic sites, where first proofs of ox domestica-
tion have been found [B6konyi, 1974]. The presence of Equus hydruntinus and
Capreolus capreolus at Nosa-Biserna Obala site are signs of the forest-steppe
surroundings of the site.

Apart from the climactic changes and characteristics of the areas, fauna
composition of the archaeological sites from the Neolithic period was also influ-
enced by the fact that the basic characteristics of this period were the economy
based on agriculture and animal husbandry, as well as the beginning of the ani-
mal domestication process [Blazi¢, 1997]. It can be stated that domestic species
have been regularly found at corresponding sites in Pannonia and South-Eastern
Europe. Concerning the wild species, there are certain differences between the
sites in Vojvodina, other regions in Serbia, as well as neighbouring countries.
Bokonyi [1974], at Polgar-Csdszhalom site in Hungary, apart from the species
registered in Serbia, lists also findings of Ardea purpurea and Bubo bubo, and at
Roszke-Ludvar site 9 more bird species not registered in Vojvodina. The same
author drew attention to the Rebensteiner Mauer site in Austria from the same
period, where the presence of Erinaceus europaeus and Sciurus vulgaris has been
registered. In comparison with Neolithic sites of Crkvine and Belez in Kolubara
basin [Blazi¢ and Radmanovi¢, 2011] and Divostin near Kragujevac in Serbia
[BSkényi, 1988], then Anza near Stip in FYR Macedonia [Békényi, 1976], Obre
I and Obre II near Kakanj in Bosnia [Bokényi, 1977] and Sitagroi in Greece
[Bokdnyi, 1986], greater diversity of vertebrate fauna has been registered at
sites in Vojvodina from the same period. Nevertheless, it should be stated that, in
comparison with the last-mentioned site, mammals Rupicapra rupicapra, Dama
sp. and Erinaceus europaeus, and bird species Anas platyrhynchos, Mergus mer-
ganser and Coturnix coturnix have not been registered in Vojvodina. Absence of
Gyps fulvus in Vojvodina is in relation with the zoogeographical distribution of
these species. In comparison with Obre I site, squirrel - Sciurus vulgaris has not
been registered in Vojvodina. The absence of Rupicapra rupicapra in Vojvodina
has been registered when compared with the Neolithic sites of Lepenski Vir I1I
[Bokonyi, 1969] and Padina [Clason, 1980], while at Padina Erinaceus europeus
has also been present, as well as a greater number of bird species. In comparison
with Petnica site, where only mammals have been registered [Greenfield, 1986],
there is a greater diversity of this vertebrate class in Vojvodina. Vertebrate fauna
of the Neolithic sites in Vojvodina does not significantly differ from the fauna of
Vinc¢a-Belo Brdo site [Dimitrijevi¢, 2006], noting that Lutra lutra has not been
registered in Vojvodina.

These differences were caused by geographical location, habitat conditions,
social-economic organisation of settlements, and span of archaeological research.
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From the Eneolithic period, at 7 archaeological sites, a total of 11 species
members of Mammalia class classified into 4 orders have been registered. The
greatest number of species (8) belongs to the Artiodactyla order (Table 1).
The number of species goes from 4 at Livade-Sremska Mitrovica (site no. 12)
to 10 at Kudos (site no. 11) [Blazi¢, 1992b™]. Bos taurus, which dominated
animal husbandry in this period, is present at all sites [Blazi¢, 1997], and apart
from this species, Sus scrofa domestica, Ovis aries and Capra hircus are also
present (Table 1). After comparing findings from the territory of Vojvodina with
neighbouring countries, it can be stated that significant diversity of ornithofauna
has been recorded at two sites in south-east Romania and at several sites in
Bulgaria dating from the Eneolithic period [Gal et Kessler, 2002; Boev, 1993],
while at Bodrogzsadany archaeological site in Hungary, Békonyi [1974] also
registered Esox [ucius. In contrast to these statements, vertebrate fauna of the
Eneolithic sites in Vojvodina is almost identical to the one at the sites from
the same period in the territory of Romania, also mentioned by Susi [1983].
However, in relation to the statements by this author from 1993, regarding the
Eneolithic sites in Romania, there have been no Meles meles, Martes martes,
Ursus arctos, Vulpes vulpes, Canis lupus, Lynx lynx and Castor fiber in Serbia.

The above-mentioned differences are most likely caused by the research
span.

CONCLUSIONS

Based on current research results from 10 archaeological sites in Vojvodina
(Serbia) from the Neolithic and 7 sites from the Eneolithic period, the following
can be concluded:

— 40 vertebrate species belonging to 4 classes have been registered from
the Neolithic period. The most numerous one is the mammal class
(Mammalia) with 25 species, then bird class (Aves) with 9 species,
osteichthyes (Osteichthyes) are present with 5 species, while the poorest
class is reptiles (Reptilia) with only one species.

— From the Eneolithic period, a total of 11 species members of Mammalia
class have been registered.

— The most diverse vertebrate fauna from the Neolithic period is at
Gomolava, while the greatest diversity of birds has been recorded at
Starcevo.

— Bos taurus 1s the only species present at all 10 above-mentioned sites
from the Neolithic period.

— From the Eneolithic period, at all 7 sites, the following species have
been registered: Bos taurus Sus scrofa domestica, Ovis aries and Capra
hircus.
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DPAYHA KUUMEBAKA HEOJIMTCKUX 1 EHEOJIMTCKUX
JIOKAJIMTETA Y BOJBOAMHU (CPBMJA)

Hapxo I1. Pagmanosuh!, Jlecanka C. Koctuh?, Jenena 3. Jlyjuh?, Ceenana B. Baaxuh!

'"My3ej Bojsonune, Jlynascka 35-37, 21000 Hoeu Can, Peny6imka Cpouja
*Yuusepautet y HoBom Cany, [IpuponHo-maTtemMaTiniku GakynTer,
Jlem. 3a OMOJIOTH]y U €KOJIOTH]Y,

Tpr Hocuteja O6panosuha 2, 21000 Hosu Can, Perryomika Cpouja

CAXETAK: Ha ocHOBY focaallilbuX pe3ynraTa HCTpakiBama, ca 10 apxeonomkux
JokanuTera u3 Heonmta y BojBomuun (Cpbuja), nerepmunucano je ykymHo 40 Bpcra
KHYMemaKa IpuTaTHiKa 9eTupu kiace. Hajopojamja je kimaca cucapa (Mammalia) ca 25
BpCTa, cieau Kinaca nTuma (Aves) ca IeBeT BpcTa, Kinaca konusopuoda (Osteichthyes) ca
IeT BpcTa, JIOK je HajcupoMalliHuja kiaca rmuszasana (Reptilia) ca camo jeHOM BpCTOM.
VY nepuoy eHeoNuTa Ha celaM apXeoJIOIIKUX JIOKAINTETa PEruCTPOBaHO je yKymHo 11
BpCTa IpuUMa HuKa kiace cucapa (Mammalia). Y HeonuTy dayHa crcapa Hajpa3HOBPCHUja
je Ha ['omonaBu, 0K je HajBehu nuBep3uTeT NTHIA 3a0erekeH Ha JJokanuTety CtapyeBo.
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Ha cBux 10 mpuka3aHux JIOKaJUTETa U3 MIEPUO/Ia HEOJUTA MPUCYTAH j€ jeAUHO Bos tau-
rus. Y SHEOIIUTY Ha CBUX CellaM JIOKaJIUTeTa PEruCTPOBaHU CY: Bos taurus, Sus scrofa
domestica, Ovis aries n Capra hircus.

KJbYUHE PEYU: ApXeoiommKy JIOKAINTETH, (hayHa KHIMEHhaka, CHEOIUT, HEOJHT,
Bojsoauna (Cpbouja)
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VERTEBRATE FAUNA OF THE ROMAN PERIOD,
MIGRATIONS PERIOD AND MEDIEVAL
PERIOD IN VOJVODINA (SERBIA)

ABSTRACT: Based on current published and unpublished research results,
a total of 16 vertebrate species members of mammal (Mammalia), bird (Aves) and
osteichthyes (Osteichthyes) classes have been registered at 11 archaeological sites
from the Roman Period in Vojvodina. Mammals dominate with 12 species and
one genus, birds are present with 3 species, and osteichthyes with one. From the
Migration Period, at 9 sites, 22 vertebrate species have been registered, of which
13 species and one genus of mammals, 4 species and one genus of birds, and 5 spe-
cies from the Osteichthyes class. At 8 sites from the Medieval Period, 16 vertebrate
species have been registered. Mammals are the most numerous class with 10 spe-
cies and one genus, while birds are present with 4 species and one genus. Further-
more, two species of osteichthyes have also been registered.

KEYWORDS: Roman Period, Migration Period, Medieval Period, archaeo-
logical sites, vertebrate fauna, Vojvodina (Serbia).

INTRODUCTION

At research sites in Vojvodina, the Roman Period, Migration Period and
Medieval Period are characterised by somewhat smaller vertebrate fauna
diversity in comparison with previous periods, but they are still interesting
and deserve attention. At archaeological sites from the Roman Period (I-IV
centuries AD), the number of bones of domesticated animals is far greater than
that of wild animals. The reason for this is because in this period, when great
changes in animal husbandry occurred, breeding animals had a very important

* Corresponding author E-mail: desanka.kostic@dbe.uns.ac.rs
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role in providing enough food [Blazi¢, 1992; 1993; 1997; Nedeljkovi¢, 2008].
Furthermore, the Romans brought larger races of oxen, pigs, goats, sheep,
horses, dogs and poultry to the newly conquered provinces [Bokonyi, 1974;
Blazi¢, 1992; 1993; Nedeljkovi¢, 2008].

From the second half of the IV and until the end of the IX century, in the vast
space of Europe, there was a great migration of people during which various tribes
had passed through and lived in the territory of the present Vojvodina. During the
Migration Period, indigenous fauna was not greatly changed, but the improved
Roman races of domestic animals were almost completely lost. Therefore, from this
period we can encounter specimens of small primitive races of domestic animals
which had lower withers [Bokonyi, 1974; Blazi¢, 1997; Nedeljkovi¢, 2008].

Primitive but developed animal husbandry is typical for the sites from the
Medieval Period shown in this paper [Blazi¢, 1997]. Therefore, bone analysis
from that period can offer basic data on animal species used both in diet and
everyday life.

MATERIAL AND METHODS

This paper features both published and unpublished results of the
vertebrate fauna researches from 11 archaeological sites from the Roman
Period in Vojvodina, 9 sites from the Migration Period and 8§ sites from the
Medieval Period (Map 1). Osteological material comes from the settlements and
necropoleis. Determination has been done according to the keys by Driesch
[1976] and Schmid [1972] and comparative osteological collections.

RESULTS AND DISCUSSION

The period, from which the collected and processed material from archaeo-
logical sites in Vojvodina originates, is divided into nine phases: the Neolithic,
the Middle Eneolithic, the Late Eneolithic, the Bronze Age, the Early Iron Age,
the Late Iron Age, the Roman Period (I-IV centuries AD), the Migration
Period (IV-IX centuries AD) and the Medieval Period (IX century to 1526),
of which the last three phases are the subject of this paper.

At 11 archaeological sites from the Roman Period in Vojvodina, 16
vertebrate species have been registered. They belong to the following classes:
mammal (Mammalia), bird (Aves) and osteichthyes (Osteichthyes). Mammals
dominate with 12 species and one genus; birds are present with 3 species: Aquila
heliaca, Gallus domesticus and Anas domestica, and only carp-Cyprinus carpio
has been recorded for osteichthyes. Mammals are classified into 5 orders, of
which the most numerous one is Artiodactyla with 7 species. Within this order,
the presence of Camelus genus should be pointed out (Table 1).
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Map 1. Map of Vojvodina with marked sites (1-22) with dating given for each site (VII for the
Roman Period, VIII for the Migration Period and IX for the Medieval Period).

1. Malo Kuvalovo-Krnjesevci (VIL, IX); 2. Prosine-Pecinci (VIL, IX); 3. Zlatara-Ruma (VII);
4. Kudos-Saginci (VII, IX); 5. Livade-Sremska Mitrovica (VII); 6. Mitrovacke livade-Sremska
Mitrovica (VII); 7. Bregovi Atovac-Kuzmin (VII); 8. Gaji¢-Adasevci (VII, IX); 9. Prosine-
Prhovo (VII); 10. Sirmijum 85-Sremska Mitrovica (VII, VIII, IX); 11. Vranj (VII); 12. Ba¢an-
Kolut (VIII); 13. Ritska dolina-Kolut (VIII); 14. Stub 76-Horgo$ (VIII); 15. Kopovo-Sanad
(VIID); 16. Ciglana-Padej (VIII); 17. Visnjevaca-Padej (VIII); 18. Ciglana-Baranda (VIII); 19.
Velike njive-Dobrica (VIII); 20. Zirovac-Ruma (IX); 21. Vragi¢-Adasevci (IX); 22. Humka
kod Vrcalove vodenice (IX).

After the analysis of vertebrate fauna at the sites, it can be concluded
that the greatest diversity have Sirmium site no. 85-Sremska Mitrovica (site
no. 10) [Nedeljkovi¢, 2008!'%'] and Vranj (site no. 11) where most of the
representatives from this period have been registered, including Camelus genus
[Blazi¢, 1993; Vukovi¢ et Blazi¢, in press®']. At Malo Kuvalovoe-Krnjesevci
(site no. 1), Kudo3-Saginci (site no. 4) and Prosine-Prhovo (site no. 9), apart
from mammals, Gallus domesticus was also registered, and at the remaining
sites from this period only mammals were registered, the number of which
varies between 3 and 9 [Blazi¢, 19928!]. The above-mentioned differences can
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be explained by the span of archaeological research and differences between
settlements.

At all above-mentioned sites from the Roman Period that analysed in this
paper, the following species have been registered: Bos taurus, Ovis aries and
Capra hircus, whose dominance is mentioned by Blazi¢ [1997].

From the Migration Period, 22 vertebrate species have been registered at 9
sites, of which 13 species and one genus of mammals. Concerning the bird spe-
cies, the following have been registered: Gallus domesticus, Anser domestica,
Anas domestica, Columba domestica, as well as Corvus genus. The diversity of
Osteichthyes is also important, because the representatives of all 5 orders found
at archaeological sites in Vojvodina have been registered. Mammals are also
classified into 5 orders, of which the most numerous one is Artiodactyla with
7 species. Within the Rodentia order, the presence of Ratus genus should be
mentioned, because it has not been registered in the previous periods (Table 1).

Sirmium site no. 85-Sremska Mitrovica, where members of all 3 classes
have been registered, is characterised by the greatest diversity of vertebrate fauna
[Nedeljkovi¢, 2008131, while the other sites, with the exception of Ciglana-
Baranda (site no. 18), feature only mammals. The number of mammal species
is between 5 and 7 [Blazi¢, 1999-20001"].

Out of 13 recorded mammal species from the Migration Period at all
research sites, 5 have been registered: Equus cabalus, Sus scrofa domestica, Bos
taurus, Ovis aries and Capra hircus [Blazi¢, 1999-2000; Nedeljkovi¢, 2008].

From the Medieval Period, at 8 archaeological sites in Vojvodina, 16
species from Mammalia, Aves and Osteichthyes classes have been registered.
Mammals from this period also dominate, with 10 species and one genus. Con-
cerning birds, there have been registered the same species as from the Migration
Period, while from Osteichthyes class, carp-Cyprinus carpio and catfish-Silurus
glanis have been registered. Mammals are classified into the following orders:
Rodentia, Carnivora, Perissodactyla and Artiodactyla, the last being the most
numerous in terms of species (7) (Table 1).

Table 1. Vertebrate fauna of some archaeological sites in Vojvodina during the Roman Period
(VII), Migration Period (VIII) and Middle Ages (IX)

TAXON DATING SITE AND AUTHOR
Classis MAMMALIA
Ordo Rodentia
Cricetus cricetus (L. 1758) VII 9[3]
Castor fiber L. 758 VII-IX  [10[15]
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Ratus sp. VIII 10[15]
IX 10[15]
Ordo Lagomorpha
Lepus europaeus Pall. 1778 | VII 10[15]
VIII 10[15]
Ordo Carnivora
Felis domestica Fischer 1829 | VIII 10[15]
IX 10[15]
Canis familiaris L. VII 1,2,3,4,7,8,9[3]; 10[15]; 11[4],[25]
VIII 10[15]; 12-18 [7]
IX 1,2,4,8,21,22[3]; 10[15]
Canis lupus L. 1758 VII 11[4],[25]
VIII 10[15]
Meles meles (L. 1758) VII-IX  [10[15]
Ordo Perissodactyla
Equus cabalus L. 1758 viI 1,2,3,4,6,7,8,9[3]; 10[15]; 11[4],[25]
VIII 10[15]; 12-19[7]
IX 1,2,4,8,21,22[3]; 10[15]
Equus asinus L. 1758 VIII 14{7]
Ordo Artiodactyla
Sus scrofa domestica L. 1758 | VII 1,2,3,4,6,7,8,9[3]; 10[15]; 11[4],[25]
VIII 10[15]; 12-19[7]
IX 1,2,4,8,20,21,22[3]; 10[15]
Sus scrofa L. 1758 VII 1,2,3,4,7,8,9[3]; 10[15]; 11[4],[25]
VIII 18[7]
IX 1,2,8,21[3]; 10[15]
Cervus elaphus L. 1758 VII 1,2,3,4,7,8,9[3]; 10[15]; 11[4],[25]
VIII 10[15]
IX 1,2,4,8,20,21,22[3]; 10[15]
Camelus sp. VII 11[4],[25]
Capreolus capreolus (L. VII 2,4[3]; 10[15]; 11[4],[25]
1758) VIII 10[15]
IX 1,2,8,20,21[3]; 10[15]
Bos taurus L. VII 1-9[3]; 10[15]; 11[4],[25]
VIII 10[15]; 12-19[7]
IX 1,2,4,8,20,21,22[3]; 10[15]
Ovis aries L. 1758 VII 1-9[3]; 10[15]; 11[4],[25]
VIII 10[15]; 12-19[7]
IX 1,2,4,8,20,21,22[3]; 10[15]
Capra hircus L.1758 VII 1-9[3]; 10[15]; 11[4],[25]
VIII 10[15]; 12-19[7]
IX 1,2,4,8,20,21,22[3]; 10[15]
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Classis AVES
Ordo Accipitriformes
Aquila heliaca Savigny 1809 | VII 11[4],[25]
Ordo Galliformes
Gallus domesticus (L. 1758) | VII 1,4,9[3]; 10[15]; 11[4],[25]
VIII 10[15]
IX 1,8,21[3]; 10[15]
Meleagris gallopavo L.1758 | VII-IX | 10[15]
Ordo Anseriformes
Anser domestica L. 1758 VIII 10[15]
X 10[15]
Anas domestica L. 1758 VII 10[15]
VIII 10[15]
X 10[15]
Ordo Columbiformes
Columba domestica VIII 10[15]
Gmelin 1799 IX 10[15]
Ordo Passeriformes
Corvus sp. VIII 10[15]
IX 10[15]
Classis OSTEICHTHYS
Ordo Acipenseriformes
Acipenser ruthenus L. 1758 | VIII 10[15]
Ordo Salmoniformes
Esox lucius VIII 10[15]
Ordo Cypriniformes
Cyprinus carpio L. 1758 vl 11[4],[25]
VIII 10[15]
X 10[15]
Ordo Perciformes
Sander lucioperca L. 1758 VIII 10[15]
Ordo Siluriformes
Silurus glanis L. 1758 VIII 10[15]; 18[7]
IX 10[15]

N.B. The number in the square brackets is the reference number; the number outside the
square brackets is the site number

Sirmium site no. 85-Sremska Mitrovica from the Medieval Period, as it
was the case with previous two periods, has the greatest diversity and it is the
only one where the representatives of 3 vertebrate classes have been recorded.
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At Malo Kuvalovo-KrnjeSevci, Gaji¢ and Vradi¢-Adasevci (sites no. 8 and
21), mammals and domestic hen-Gallus domesticus have been registered, while
the remaining sites feature only mammals. The number of mammal species is
between 6 and 10 per site [Blazi¢, 1992F; Nedeljkovi¢, 2008'5]. At Sirmium
site no. 85-Sremska Mitrovica from the Medieval Period, the development
of animal husbandry, which still experiences regressive changes, has been
recorded. Due to great migrations and wars, almost entire result of the Roman
selection in animal husbandry was destroyed. Animal husbandry was also
more important than hunting in this period [Nedeljkovi¢, 2008].

Sus scrofa domestica, Cervus elaphus, Bos taurus, Ovis aries and Capra
hircus are the species found at all 8 above-mentioned sites from this period.
Their dominance in the Medieval Period is also pointed out by Blazi¢ [2005].

For two mammal species (Castor fiber-beaver and Meles meles-badger), as
well as for one bird species (Meleagris gallopavo-turkey), all from the Sirmium
site no. 85, it has not been possible to determine whether they originate from
the Roman Period, Migration Period or Medieval Period [Nedeljkovi¢, 2008].

In the territory of Serbia, the research from the Roman period has been
done around the walls of Felix Romuliana [Dimitrijevi¢ et Medovi¢, 2007].
Domesticated mammals have been mainly analysed, but the wild ones have also
been present. In relation to these researches, at sites in Vojvodina, the presence
of fox-Vulpes vulpes has not been registered. Concerning fauna research from
the Medieval Period in the territory of Serbia, Ras-Gradina site [Blazi¢, 1999]
should be mentioned, because 6 domestic and 3 wild mammal species have been
registered there. Sites in Vojvodina have a greater diversity.

After comparing data from the territory of Vojvodina with other coun-
tries from the region, several significant facts should be noted. Concerning
ichtyofauna, at sites in Vojvodina from the Roman Period, Migration Period and
Medieval Period, a total of 5 fish species have been registered, in comparison
to the territory between the Danube and Black Sea where 13 fish species from
these periods have been registered [Stanc et Bejenaru, 2008]. As it is already
mentioned, at sites in Vojvodina, during these periods, 6 bird species and one
genus have been noted, in contrast to the territory of Bulgaria where, at 18 sites
from the Roman Period and Medieval Period, 57 species have been registered
[Boev, 1993]. Table 1 shows that domestic hen-Gallus domesticus has been
noted in Vojvodina at 5 sites from the Roman Period and at 4 sites from the
Medieval Period. Presence of this bird species at sites in Hungary and Romania,
also from the Roman Period, Migration Period and Medieval Period, is discussed
by Gal [2008]. Furthermore, it has been pointed out that the dominant, or one
of the dominant species at sites in Vojvodina is ox-Bos faurus. Its presence at
archaeological sites in Romania of various periods is discussed by Stanc et al.
[2010], noting that in the Medieval Period its presence in the mammal fauna
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was between 35% and 65%, and in domesticated mammal fauna between 45%
and 65%. Vertebrate fauna of the Roman Period in the territory of Romania
is also discussed by Susi [1988, 1993, 1996 and 1999]. In comparison to these
data, during the Roman Period in Vojvodina the following species have not
been registered: Equus asinus [Susi, 1988], Ursus arctos and Vulpes vulpes
[Susi, 1993], Bos primigenius [Susi, 1996], while the same author [1999], for
this period, explicitly mentions the presence of Castor fiber. Concerning the
Medieval Period, unlike the sites in the territory of Romania mentioned by
Susi [1990, 1998], at archaeological sites in Vojvodina the following species
have not been registered: Lepus europaeus, Martes martes, Ursus arctos and
Bos primigenius.

However, the largest amount of data on fauna diversity at archaeologi-
cal sites from all research periods, therefore also from the Roman Period and
Medieval Period, was given by Bokdnyi [1974] for the territory of Hungary.
Concerning the Roman Period, differences in the composition of vertebrate
fauna between Vojvodina and Hungary, according to the data given by this
author, exist for 12 sites in Hungary. Bokonyi [1974] states that, at Tokod-
Erzébetakna site, Grus grus has been recorded as a member of bird species,
while at T4c archaeological site, 14 wild and 2 domestic bird species have been
registered. The mammal fauna at sites from the Roman Period in Hungary is also
significantly more diverse, because, apart from the species registered in Vojvo-
dina, the following species are also present: Vulpes vulpes, Ursus arctos, Felis
domestica and Bos primigenius, and at the above-mentioned Tac site Equus
asinus, Esox lucius and Emys orbicularis. Nineteen archaeological sites from
the Medieval Period in the territory of Hungary are also characterised by richer
vertebrate fauna, because, in addition to the species registered in Vojvodina,
7 mammal species: Sciurus vulgaris, Lepus europeus, Felis silvestris, Canis
lupus, Vulpes vulpes, Ursus arctos, Bos bubalis, as well as Camelus genus;
16 bird species: Ciconia ciconia, Buteo buteo, Haliaetos albicilla, Milvus
migrans, Pavao cristatus, Perdix perdix, Phasianus coclchicus, Grus grus, Otis
tarda, Bubo bubo, Strix aluco, Columba palumbus, Corvus frugilegus, Turdus
pilaris, Turdus viscivorus, Upupa epops; 1 reptile species: Emys orbicularis,
as well as 4 fish species: Blicca bjoerkna, Carassius carassius, Esox lucius
and Sander lucioperca are also present. Bokonyi [1976] further discusses wild
and domesticated mammal, bird and reptile species at several archaeological
sites in Hungary, also from the Medieval Period, and except the ones noted in
Vojvodina, he additionally mentions: Bos primigenius, Lepus europaeus and
Emys orbicularis. Archaeozoological researches in the territory of Hungary were
continued by Bartosiewitz [1996, 1998], who, at several medieval sites, also
noted the presence of the above-mentioned species like Lepus europaeus, then
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Vulpes vulpes, Urusus arctos and Esox lucius. It has already been noted that
the above-mentioned species from this period are not registered in Vojvodina.

The identified differences between archaeological sites from the Roman
Period, Migration Period and Medieval Period in Vojvodina and sites of the
same dating in neighbouring countries can be explained by the span of archaeo-
logical research.

CONCLUSIONS

Based on current published and unpublished research results from 11
archaeological sites from the Roman Period in Vojvodina, 9 sites from the
Migration Period, and 8§ sites from the Medieval Period, the following can
be concluded:

— From the Roman Period, a total of 16 vertebrate species that are mem-
bers of mammal (Mammalia), bird (Aves) and osteichthyes (Osteichthyes)
classes have been registered. Mammals dominate with 12 species and one genus;
birds are present with 3 species, and osteichthyes with one.

— From the Migration Period, 22 vertebrate species have been registered,
of which 13 species and one genus of mammals, 4 species and one genus of
birds, and 5 species from the Osteichthyes class.

— At sites from the Medieval Period, 16 vertebrate species have been
registered. Mammals are also the most numerous class with 10 species and one
genus, while birds are present with 4 species and one genus. Furthermore, two
species of osteichthyes have been registered.

— For all three periods, the greatest vertebrate fauna diversity has been
recorded at Sirmium site no. 85-Sremska Mitrovica.
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®AYVHA KUUMEIAKA 13 PUMCKOL [TEPUOJIA, CEOBE
HAPOJIA U CPEJIILEI BEKA Y BOJBOJAUHU (CPBUJA)

Hapxko I1. Panmanosuh', lecanka C. Koctuh?, Jenena 3. Jlyjuh?,
Ceernana B. Braxuh!

"Mysej Bojsoaune, lynascka 35-37, 21000 Hosu Can, Pemry6imka Cp6uja
*VYuusepautetr y HoBom Cay, [IpupoaHo-MaTeMaTniki
¢axynrer, [lenaptman 3a 6uonorujy u exkonorujy, Tpr Jlocuteja
O6paznosuha 2, 21000 Hosu Can, PerryGruka Cpouja

PE3MME: Ha ocHOBy mocamamimux 00jaB/bCHHX W HEOOjaB/bEHUX pe3ysrara
UCTpakMBamba Ha 11 apXeoyomKMX JoKanuTeTa y BojBOAMHM M3 pHMCKOr nepuoja
PEruCTpOBaHoO je YKyIHO 16 BpcTa KMUMemaKa MpunafHuka kinaca cucapa (Mammalia),
ntuna (Aves) n konubopuba (Osteichthyes). Ca 12 BpcTa u jeAHUM pOAOM JIOMHUHUDA]Y
CHcapH, ITHUIIE Cy 3aCTYIUbEHE ca TPH BPCTe, a KOLUbopHOe ca jenHoM. TokoM neprona
ceobe Hapoa Ha JAEBET HATA3MINTa 3a0eeKeHo je 22 BpcTe KHIMemaka off Jera cy 13
BPCTA U jellaH POJl CHCApH, PETMCTPOBAHE Cy YETUPU BPCTE U je/iaH POJ| NTHIIA, JIOK je TIeT
Bpcra mpumnaaaino kiacu Osteichthyes. Ha ocam nokanurera U3 CpeilbeBEKOBHOT IIEPUOIA
KOHCTaTOBaHO je 16 Bpcra knumemaka. 1 y oBom meproay HajOpojHHjH Cy cHcapu ca
10 BpcTa U jeAHMM POAOM, JIOK je OJ MTHIA 3a0CNe)KCHO YETHPH BPCTE U jedaH PO.
Taxolje cy meTepMUHHCAHE U JBE BpcTe Komybopuba. TokoMm oBa Tpu neproaa Hajsehum
TUBEpP3UTETOM (hayHe KHUMERaKa OUIMKOBAO ce JIOKanTeT CHPMHjyM JOKaJIHTET
85-Cpemcka Murposuria.

KJbYYHE PEUM: Apxeosnoniku JIOKaauTeTH, payHa KHUMeHhaka, PUMCKH MEPUOJI,
ceoba Hapo/a, cpenmby Bek, BojBoauna (Cpouja)
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journal issues two numbers per year.

1.2. The manuscripts should be written in correct English language
regarding the grammar and style. The manuscripts should be submitted
electronically as a separate file to vnikolic@maticasrpska.org.rs and
enclosed with the author’s written consent for the publishing of the manuscript.

1.3. Upon the reception of the manuscript, the author shall be assigned with
a manuscript code, which has to be referred to in any further correspondence.
The authors will be notified about the manuscript reception within seven days
and about the reviewers’ opinion within two months from submission. All
submitted manuscripts are reviewed and proofread.

2. Planning and preparing of the manuscript

2.1. Type the manuscripts electronically on A4 (21 x 29.5 cm) format
with 2.5 cm margins, first line indent, and 1.5 line spacing. When writing the
text, the authors should use 7imes New Roman size 12 font and when writing
the abstract, key words, summary, and footnotes use font size 10.

2.2. First name, middle initial and last name should be given for all
authors of the manuscript and their institutional affiliations, institution name,
and mailing address. In complex organizations, a full hierarchy should be
mentioned (e.g. University of Novi Sad, Faculty of Sciences — Department of
Biology and Ecology). The institution of employment of each author should
be stated below the author’s name. The position and academic degrees should
not be cited. If there is more than one author, indicate separately institutional
affiliation for each of the authors. Put the name and mailing address (postal or
e-mail address) of the author responsible for correspondence at the bottom of
the first page. If there is more than one author, write the address of only one
author, usually the first one.

2.3. Structure the text of the original articles into Abstract, Key Words,
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Introduction, Material or Methods, or Material and Methods, Results or
Results and Discussion, Discussion, Conclusion, References, Summary and
Key Words in Serbian language, and Acknowledgement (if there is one).
Original articles should not be longer than 10 pages, including the references,
tables, legends, and figures.

2.4. Titles should be informative and not longer than 10 words. It is in the
best interest of the authors and the journal to use words in titles suitable for
indexing and electronic searching of the article.

2.5. The authors should submit the title of the article with last name and
the initials of the first author.

(if the article has more than one author, et al. should be used for other
authors) and running title of not more than five words.

2.6. List up to 10 key words using words and phrases that describe the
content of the article in the best way and that allow indexing and electronic
searching of the paper. List the key words alphabetically and divided by commas.

2.7. The Abstract in English language and Summary in Serbian language
should be a short and informative presentation of the article. Depending
on the length of the article, the Abstract may have from 100 to 250 words.
Summary written in Serbian language can be 1/10 length of the article and
should contain the title of the article, first, middle initial, and last names of the
authors, authors’ institutional affiliation and address, and key words.

2.8. Write the information about financial support, advices, and
other forms of assistance, if necessary, at the end of the article under the
Acknowledgement. Financial support acknowledgement should contain the
name and the number of the project, i.e. the name of the program from which
the article originated, and the name of the institution that provided the financial
support. In case of other forms of assistance the author should submit the first
name, middle initial, last name, institutional affiliation, and the address of
the person providing the assistance or the full name and the address of the
assisting institution.

3. Structure the Review articles in Abstract, Key Words, Text of the
manuscript, Conclusion, and References; submit Summary and Key Words
in Serbian language. Review articles should not be longer than 12 pages,
including references, tables, legends, and figures.

4. Write brief communication according to the instructions for original
articles but not be longer than five pages.

5. References
5.1. List the References alphabetically. Examples:

(a) Articles from journals: Last name CD, Last name CD (2009): Title of the
article. Title of the journal (abbreviated form) 135: 122-129.

(b) Chapters in the book: Last name ED, Last name AS, Last name IP (2011):
Title of the pertinent part from the book. In: Last name CA, last name IF
(eds.), Title of the book, Vol.4, Publisher, City
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(c) Books: Last name VG, Last name CS (2009): Title of the cited book.
Publisher, City

(d) Dissertations: Last name VA (2009): Title of the thesis. Doctoral
dissertation, University, City

(e) Unpublished articles: designation “in press” should be used only for
papers accepted for publishing. Unpublished articles should be cited in
the same way as published articles except that instead of journal volume
and page numbers should write “in press” information.

(f) Articles reported at scientific meetings and published in extenso or in a
summary form: Last name FR (2011): Proceedings, Name of the meeting,
Meeting organizers, Venue, Country, 24-29

(g) World Wide Web Sites and other electronic sources: Author’s last name,
Author’s 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 organization behind the website or the title to the author
space.

5.2. References in the text should include author’s last name and the year
of publishing. When there are two authors both should be cited, but in case of
three or more authors, cite the first author only and follow with et al.

5.3. If two or more articles of the same author or authors published in the
same year are cited, designate the publishing years with letters a, b, c, etc.,
both in text and reference list.

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 Srpskai JOURNAL FOR NATURAL SCIENCES, Matica
Srpska, 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.
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YIIVTCTBO AYTOPUMA*
(www.maticasrpska.org.rs)

1. Omire HanoMeHe

1.1 360pHuk Marwrie cpricke 3a mpupojiHe Hayke / Matica Srpska Journal
for Natural Sciences (ckpahenu nacnos: J. Nat. Sci. Matica Srpska) o6jaBibyje
OpPHUTHHAJIHE HAy4YHE PAJoBe W IPEINIENHE WIAHKE Ka0 M KpaTrka CaolIITeHha
u3 CcBUX oOnacTu koje oOyxBara HaszuB yaconuca. IIpermennu panoBu ce
o0jaBibyjy camMO Ha Mo3uB peaakmuje. PamoBu koju cy Beh o0jaBibeHH Yy
LEJIOCTH WK Y AETIOBUMA WJIH Cy OHYh)eHH 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 IPaMaTHKe U CTUIIA. PyKormic ce T0CTaBsba eIeKTPOH-
CKOM IIOLITOM Kao 1ocebaH NOKyMEHAT Ha ajpecy: zmspn@maticasrpska.org.
1S, y3 00aBe3Hy MOTIMCAHY U3jaBy ayTOPa y B3N Ca NPUjaBOM Pajia 3a IUTaMILy.

1.3. ITo mpumamy pykomuca, aytop he mobutu 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 MUIIIJbEbY pelieH3eHaTa
y POKy o1 JiBa Mecena o mpujema. CBaku paji ce pelieH3upa 1 JCKTOPHIIIE.

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 mehy
penoBuMa 1,5. Tekct Tpeba nucatu y dponty Times New Roman cioBUMa BEJIn-
ynHe 12 a caxkeTak, KJby4yHe peuH, pe3uMe U MOJHOXKHE HArlOMEHE CIOBHMA
BennuuHe 10 pt.

2.2. HaBoge ce uMme, cpenme CIOBO U Mpe3UME CBUX ayTopa paja
Kao U Ha3uB ycTaHoBe (0e3 ckpaheHuIa) y Ko0joj Cy ayTOpH 3aIllOCIICHH,
3ajelHO ca IyHOM IIOIITAaHCKOM aapecoM. Y CIIOKEHHM OpraHM3alfjama
HaBOAM C€ yKyIHa xujepapxuja (Ha mpumep: YHuseps3ureT y Hosom Cany,
[Ipuponnomaremaruuku axynrer — [lenaprman 3a OUOIOTH]y U €KOJIOTH]Y).
MecTo 3anociiema HaBOAU C€ HEMOCPEIHO UCHOoA MMeHa ayTtopa. DyHkiuje
U 3Bama ayTopa ce 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 WM €JIEKTPOHCKA)
Jlaje ce y HallOMEHH IpH JHY NpBE CTPaHULE WiaHKa. AKO je ayTopa BHILE,
Jlaje ce caMo aapeca jeqHor, OOMYHO TIPBOT ayTopa.

2.3. Pykonuc opuruHaIHOT HayqHOT paja Tpeda moaenuTn Ha: Caxerak,
Kmbyune peun, YBox, Marepujan unu Meron mwnm Matepujan U MeTO[,

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