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ANTIOXIDATIVE AND ANTIMICROBIAL
POTENTIALS OF Parmelia saxatilis
AND Pseudoevernia furfuracea

ABSTRACT: Even though numerous lichen species possess significant medical po-
tentials they are still unexplored, and particularly species and strains originating from Serbia.
Therefore, the aim of this study was to evaluate the antioxidative and antimicrobial potential
of ethanol extracts of Parmelia saxatilis and Pseudoevernia furfuracea collected in Serbia.
The tested extracts were good scavengers of DPPH radicals, with capacities ranging from
14.76% to 79.76% in P. saxatilis and from 21.39% to 90.04% in P. furfuracea. In P. saxatilis
level of DPPHe neutralisation was highly correlated with phenol content (r>= 0.9981) and in
P. furfuracea with amount of total flavonoides (* = 0.9641). The extract of P. furfuracea inhib-
ited the growth of all tested microorganisms with exception of Aspergillus flavus, while P.
saxatilis extract affected only growth of bacterial species. Among tested microorganisms,
Staphylococcus aureus and Klebsiella pneumoniae were the most sensitive, while Enterococ-
cus faecalis, Pseudomonas aeruginosa as well as micromycetes were the least sensitive to
tested extracts. Because of these potentials and the fact that their long term usage does not
have any negative side effects on organism and development of microbial resistance, the
extracts could be included in conventional therapy.

KEYWORDS: antioxidative potential, antimicrobial potential, Parmelia saxatilis,
Pseudoevernia furfuracea

INTRODUCTION

Lichens as symbiotic organisms have specific characteristics which are
not typical for their components, i.e. algae and fungi. They are cosmopolits that
colonize even extreme habitats due to the ability to synthesize specific secondary
metabolites (aliphatic, cycloaliphatic, aromatic and terpenic compounds) known
as lichen substances [Giiveng et al., 2012; Kosani¢ et al., 2012; Oettl et al., 2014].
These compounds protect lichens from pathogens, predators, intense UV light
and oxidative stress, but also could have some beneficial effects on human health
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[Giiveng et al., 2012; Kosani¢ et al., 2012; Oettl et al., 2014; Fernandez-Moriano
et al., 2015]. Traditionally, lichens are used as food and feed, in folk medicine,
in the perfume and dye industries and as bioindicators, but recently more atten-
tion is given to their medical potentials, such as antimicrobial, antioxidative,
anti-inflammatory, antiproliferative, cytotoxic, neuroprotective activity, etc.
[Ingolfsdottir et al., 1998; Kosani€ et al., 2013; Fernandez-Moriano et al., 2015].

Frequent diseases and desorders of a modern man, such as cancer, neuro-
degeneration, aging, and so on, are usually consequences of oxidative stress
because of imbalance between concentration of free radicals and the capacity
of internal defence system [Cilerdzi¢ et al., 2013]. Therefore, the organism
needs the assistance of exogenous antioxidants. Given that a number of syn-
thetic antioxidants also have side effects, there is a growing need for new
natural resources of antioxidative agents, among which lichenes are very im-
portant [Kosani¢ and Rankovi¢ 2011]. Another serious problem of modern
medical practice is the of numerous resistant strains of microorganisms because
of uncontrolled and long term usage of antibiotics/antimycotics. Lichens could
also have an important role in solving that problem, as new alternative sourc-
es of natural antimicrobial compounds.

The usage of Pseudoevernia furfuracea dates back to ancient Egypt where
it was used in the mummification process to prevent the odour [Giiveng et al.,
2012]. Nowadays, about 2,000 tons of this lichen have been processed per year
in the perfume industry [Giiveng et al., 2012]. Although species of the genus
Parmelia have been used traditionally in the treatment of pulmonary and cra-
nial deseases, there are just a few studies revealing their medicinal properties
[Gulluce et al., 2006; Goel et al., 2011; Rankovi¢ et al., 2011]. During the last
few years numerous studies have shown the existence of significant medical
potentials of these species, but they are still unexplored, and particularly spe-
cies and strains originating from Serbia. Therefore, the aim of our study was
to evaluate the antioxidative and antimicrobial potential of Parmelia saxatilis
and Pseudoevernia furfuracea collected in Serbia.

MATERIALS AND METHODS
Lichen samples

The samples of Parmelia saxatilis (L.) Ach. and Pseudoevernia furfuracea
(L.) Zopf. were collected at Tara mountain, Serbia, in May 2011. The voucher
specimen of the lichens are deposited in the Institute of Botany, Faculty of
Biology, University of Belgrade.

Preparation of the lichen extracts

Finely pulverized dried thalli of P. saxatilis and P. furfuracea (10.0 g) were
extracted with 300.0 mL of 96% ethanol by stirring on the magnetic stirrer
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(150 rpm) for 72 h. The obtained extracts were centrifuged (20 °C, 3,000 rpm,
10 min) (Hettich Universal 32R, Germany) and supernatants were filtered
through Whatman No. 4 filter paper, concentrated under reduced pressure in
a rotary evaporator (Biichi, Rotavapor R-114, Germany) at 40 °C to dryness,
and redissolved in 96% ethanol (for antioxidative assay) or in 5% dimethyl
sulphoxide (DMSO) (for antimicrobial assay) to the initial concentration of
20.0 mg/mL.

Antioxidative activity assay

The free radical scavenging activity of the extracts was determined spec-
trophotometrically (CECIL CE 2501) by measuring the methanol solution of
1,1-diphenyl-2-picrylhydrazyl (DPPHe) reduction [Blois, 1958]. The mixture of
200.0 pL of extract (series of double dilutions from 20.0 mg/mL to 0.312 mg/mL)
and 1800.0 uL of 4% methanol solution of DPPHe was shaken vigorously, in-
cubated for 30 min in the dark and absorbance was measured at 517 nm. The
scavenging effect was calculated using the equation:

DPPHe scavenging effect (%) = [(Ag — Agampic)/Ao] X 100

Ay — absorbance of the negative control (all reagents except the extract);
Agamplc — absorbance of the reaction mixture.

Extract concentration (mg/mL) providing 50% of DPPHe reduction (ECs)
was obtained by interpolation from linear regression analysis. Butylated hy-
droxyanisole (BHA), a commercial antioxidant, in a concentration range from
10.0 mg/mL to 0.02 mg/mL, was used as a positive control.

Determination of total phenol content

Total phenol compounds in the extracts of tested lichens were estimated by
a colorimetric assay based on procedure described by Singleton and Rossi [1965],
using gallic acid as standard. 200.0 puL of extract (1.0 mg/mL) and 1000.0 pL of
10% Folin-Ciocalteu reagent were reacted in the dark for 6 min before addition
of 800.0 uL of 7.5% aqueous solution of Na,COs. The reaction mixture was
vortexed vigorously and incubated on a rotary shaker (100 rpm) in the dark at
room temperature (22 + 2 °C) for 2 h. The absorbance of each reaction mixture
was measured spectrophotometrically at 740 nm. The blank was a mixture
where extract was substituted by sterile distilled water. The total phenol content
was determined as pg of gallic acid equivalent (GAE) per mg of dried extract
using an equation that was obtained from a standard gallic acid graph:

Absorbance = 0.013 x total phenols (g of gallic acid) + 0.165 (R* = 0.996).
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Determination of total flavonoid content

Total flavonoid content was determined by the method of Park et al. (1997)
using quercetin as the standard. 1.0 mL of extract (1.0 mg/mL) was diluted with
4.3 mL mixture containing 4.1 mL of 80% ethanol, 0.1 mL of 10% aluminium
nitrate (AI(NO); x 9H,0) and 0.1 mL of 1.0 M aqueous potassium acetate
(CH3CO;K). The reaction mixture was incubated at room temperature for 40 min
and absorbance was measured spectrophotometrically at 415 nm. The mixture
with ethanol instead of extract was used as the blank. Total flavonoid concen-
tration was expressed as pg of quercetin equivalent (QE) per mg of dry extract
using an equation obtained from standard quercetin hydrate graph:

Absorbance = 0.006 x total flavonoid (ug quercetin hydrate) — 0.017 (R? = 0.995).

Antimicrobial activity

Microorganisms and cultivation

Antimicrobial activity was tested against 5 bacterial species (Staphylococcus
aureus ATCC25923, Escherichia coli ATCC25922, Pseudomonas aeruginosa
ATCC27853, Klebsiella pneumoniae ATCC 70063 and Enterococcus faecalis
ATCC 29212) and 7 micromycetes (Acremonium strictum BEOFB10m, Asper-
gillus glaucus BEOFB21m, A. flavus BEOFB22m, A. fumigatus BEOFB23m,
A. nidulans BEOFB24m, 4. niger BEOFB25m and A. terreus BEOFB26m).
The tested bacteria are part of the culture collection of the Department of
Biology, Faculty of Science, University of Kragujevac, while mycromycetes
are deposited in the culture collection of the Institute of Botany, Faculty of
Biology, University of Belgrade. Bacteria were cultivated on Miiller-Hinton
agar (MHA) at 37 °C overnight and inocula were prepared by washing agar
surfaces with sterile 0.85% saline and brought up by dilution according to the
McFarland standard to approximately 10* colony-forming units (CFU) per mL.
Micromycetes were grown on malt agar at 30 °C for 3—7 days and spore suspen-
sions were obtained by washing with saline enriched with 0.1% Tween 80 (v/v)
and turbidity was determined spectrophotometrically at 530 nm and adjusted
to 10° CFU/mL with saline.

Microdilution method

Series of double extract dilutions (from 20.0 mg/mL to 0.312 mg/mL) were
prepared in Tryptic Soy broth (TSB) for bacterial cultures and Sabourad dex-
trose broth (SDB) for fungal cultures. 96-well microtiter plates were used. Each
well comprised TSB/SDB, cell/spore suspension and extract of a defined con-
centration. The mixture without extract was used as the negative control, while
the positive control contained commercial antibiotic (streptomycin) or fungicide
(ketoconazole) instead of extract. The effect of 5% DMSO on the bacterial cell
growth and fungal spore germination was also analyzed by its addition in the
mixture instead of nutritional medium. Microtiter plates with bacteria were
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incubated at 35 + 2 °C for 24 h and plates with fungi at 25 + 2 °C for 72 h. The
lowest extract concentration without visible bacterial/mycelium growth was
defined as minimal inhibitory concentration (MIC) and determined by col-
orimetric microbial viability assay based on reduction of resazurin. Resazurin
is an oxidation/reduction indicator used for the detection of microbial growth.
Namely, it is a blue non-fluorescent dye that becomes pink and fluorescent
when reduced to resorufin by oxidoreductases within viable cells.

Statistical analysis

The assays were carried out in triplicate and the results are expressed as
mean + standard error. One-way analysis of variance (ANOVA) and Tukey's test
were performed using STATISTICA, version 6.0 (StatSoft, Inc., Tulsa, USA)
to test any significant differences among means. Statistical significance was
declared at p<0.05.

RESULTS AND DISCUSSION

The tested lichen extracts showed considerable potentials for scavenging
DPPH radicals, which were statistically significant difference (p<0.05). The
level of DPPHe reduction ranged from 14.76% to 79.76% in Parmelia saxatilis
and from 21.39% to 90.04% in Pseudoevernia furfuracea (Figure 1).

EA Parmelia saxatilis W Pseudoevernia furfuracea =~ BHA

< 100 a | 3 A T T, =2
= 90 T - b = b
= 80 L
e}
?1) 70 T
£ 60 2
2 50 -
O
z 40 r
[
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L 204
& 10 -%
Q O' T T T T T T
0312 0625 1.25 25 5 10 20

Concentration of extracts (mg/mL)

Figure 1. DPPHe scavenging capacity of Parmelia saxatilis and Pseudoevernia furfuracea
extracts and commercial antioxidant (Data represent mean value of activities of three dif-
ferent samples. Variations are given as standard errors. Values within each concentration
group with different superscripts differ significantly (p<0.05) according to Tukey’s test).
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The extract of P. furfuracea showed higher antioxidative potential than
P. saxatilis, and at higher concentrations it did not differ significantly from that
in the positive control. Antioxidative activity of the lichenes extracts gradually
increased from the concentration of 0.312 mg/mL to 20.0 mg/mL while BHA
reached the peak of activity at the smallest concentrations which affected the
EC;s, values (0.11 mg/mL for BHA, 1.05 mg/mL for P. furfuracea extracts and
1.79 mg/mL for P. saxatilis extracts).

Contrary to a high potential of ethanol extract of P. saxatilis to reduce
DPPHe, level of the radical neutralisation with methanol extract of the same
species originated from Turkey was zero [Gulluce et al., 2006]. On the other
hand, the tested P. saxatilis extract showed much lower DPPHe scavenging
capacity than extracts of other lichen species, for example Lecanora atra ac-
etone extract (94.7%) and Umbilicaria polyphylla methanol extract (90.08%)
[Kosani¢ and Rankovi¢ 2011; Rankovi¢ et al., 2011]. In the case of studied P.
Sfurfuracea extract, DPPH radicals scavenging ability was significantly lower
than that of acetone extract of the species (ECs, values were 1.08 mg/mL and
0.402 mg/mL, respectivelly), as well as various extracts of other species
[Kosani¢ et al., 2013; Kosani¢ and Rankovi¢ 2011; Rankovi¢ et al., 2011].

The amounts and ratio between total phenols and flavonoides in the stud-
ied extracts were significantly different (Table 1).

Table 1. Content of total phenols and flavonoids in Parmelia saxatilis and Pseudoevernia
furfuraceae ethanol extracts.

Extracts Phenol content Flavonoid content
(ng GAE/mg of dry extract) (ng QE/mg of dry extract)

P. saxatilis 72.48 £ 1.02%* 9.41 +£0.22%

P. furfuraceae 6.15 £ 0.06 70.66 £ 5.98°

* Means within a column with different superscripts differ significantly (p<0.05) accord-
ing to Tukey's test.

P. saxatilis extract contained almost 8-fold higher amount of total phenols
than flavonoides, while in P. furfuracea extract the ratio of 1:11 was noted in
favor of flavonoids. In P. saxatilis extract the correlation (r*) between DPPH»
scavenging activity and concentration of total phenols was 0.9981, contrary to
P. furfuracea whose phenolic content was in low correlation with its antioxida-
tive potential (r* = 0.6826). On the other hand, in P. furfuracea extract the level
of DPPHe neutralisation was highly correlated (r* = 0.9641) with the amount
of total flavonoides, while low correlation was observed for total phenol com-
pounds (r* = 0.6634).

These results were not in accordance with those obtained by Kosanic¢ et al.
[2013] and Rankovi¢ et al. [2010] who showed that the main carriers of anti-
oxidative activity in acetone extract of P. furfuracea and Parmelia centrifuga
were phenols present in significant concentrations (76.42 ng PE/mg of extract
and 49.8 mg GA/g of liophylisate, respectivelly). Another important fact in our
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study is that flavonoids are also very important antioxidant agents, i.e. their
concentrations are in high correlation with level of radical neutralisation in P.
furfuracea.

The obtained results have clearly showed the existance of antibacterial
and/or antifungal potential of tested lichen species (Table 2).

Table 2. Antimicrobial activity of Parmelia saxatilis and Pseudoevernia furfuracea ethanol
extracts and commercial antibiotic/fungicide.

Extractzc, ?ntibiqtic Parme.ll"a Pseudoevernia Streptomycin | Ketoconazole
ungicide saxatilis furfuracea
Tested bacteria
and micromycetes MIC (mg/mL)
Staphylococcus aureus 2.5 10.0 0.031 —HE
Enterococcus faecalis 20.0 20.0 0.031 -
Escherichia coli 10.0 10.0 0.031 -
Pseudomonas aeruginosa 20.0 20.0 0.062 -
Klebsiella pneumoniae 5.0 2.5 0.062 -
Acremonium strictum /* 20.0 - 0.025
Aspergillus glaucus / 20.0 - 0.025
Aspergillus flavus / / - 0.025
Aspergillus fumigatus / 20.0 - 0.025
Aspergillus nidulans / 20.0 - 0.050
Aspergillus niger / 20.0 - 0.050
/

Aspergillus terreus 20.0 - 0.025

* MIC was not detected; ** not tested

The extract of P. furfuracea inhibited the growth of all tested organisms
with the exception of Aspergillus flavus which was indifferent toward the
extract, while P. saxatilis extract proved to be good antibacterial but not anti-
fungal agent because any extract concentration did not present MIC for any tested
micromycetes. The tested microorganisms showed differences in susceptibility
on lichen extracts and MICs ranged from 2.5 mg/mL to 20.0 mg/mL. Among
tested bacteria, Staphylococcus aureus and Klebsiella pneumoniae were most
sensitive to extract of P. saxatilis and P. furfuracea, respectivelly, while the
growth of Enterococcus faecalis and Pseudomonas aeruginosa was inhibited
only with the highest tested concentration of the extracts. The situation was
different with tested microfungi which were susceptible only to P. furfuracea
extract in the concentration of 20.0 mg/mL (Table 2). Contrary to the extracts,
the commercial antibiotic and antimycotic were more effective than tested
extracts, with a MICs ranging between 0.031 and 0.062 mg/mL for streptomycin
and from 0.025 to 0.050 mg/mL for ketoconazole.
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Previous studies also demonstrated that various lichen species and their
extracts have antibacterial and antifungal potentials which differ depending
on the species, type of extract, and microorganism species/strain [Ingolfsdottir
etal., 1998; Goel et al., 2011, Manoﬂowc et al., 2012; Cilerdzi¢ et al., 2013]. Results
of this study, as well as some others, showed greater sensitivity of bacteria than
micromycetes to the lichen extracts which can be explained by differences in
the composition and permeability of bacterial and fungal cell wall [Manojlovi¢
et al., 2012]. Likewise, noted MIC values of P. saxatilis and P. furfuracea ethanol
extracts were similar to previously obtained for some other lichen crude extracts
but expectedly lower than those for clear active compounds like salazinic acid
from P. saxatilis (concentration of 250 pg/mL was MIC for Mycobacterium
aurum) or physodic acid from P. furfuracea (concentration of 0.0075 mg/mL
inhibited growth of K. pneumoniae) [Ing6lfsdottir et al., 1998; Kosani¢ et al.,
2013]. Antimicrobial activity of crude lichen extract, which represents a com-
plex mixture of different chemical compounds, can depend on a type of action
among its components, i.e. antagonisticaly, synergisticaly or additively [Kosani¢
et al., 2012].

The results obtained in our study showed that ethanol extracts of Parmelia
saxatilis and Pseudoevernia furfuracea have a great ability of DPPHe reduction
as well as significant potential of microorganism growth inhibition. Although
these activities of the extracts were much weaker comparing to the commercial
drugs, significance of the results was not reduced because of the possibility of
their long term usage without any negative side effects on oraganizam and apperi-
ance of microbs resistence. If we add to these facts that the lichen species have
not yet been fully explored, a complete picture about the importance of the
study can be obtained. Therefore, further studies should move in the direction
of chemical analysis of these extracts, isolation of active components, testing
their action with commercial drugs (synergistic or additive), and inclusion of
the extracts/compounds in the conventional therapy.
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AHTUOKCUJATHUBHU 1 AHTUMUKPOBHU ITOTEHINJAIJI
Parmelia saxatilis N Pseudoevernia furfuracea

Jacmuna, Jb. RUJIEPIIUR, Mupjana M. CTAJU'R, Jenena 5. BYKOJEBH'h

Yuusepsuret y beorpany, buomomku daxynrer,
Taxoscka 43, 11000 beorpan, Cpouja

PE3MME: Naxo je nmo3naro ga OpojHE BpCTe JUIIajeBa Moceyjy 3HauajaH MeIu-
IIMHCKH MOTEHIIM]aJl, jOII YBEK HeMa JIOBOJBHO MoJIaTaka 3a BPCTE U COjeBE TIOPEKJIOM
n3 Cpbuje. 360r Tora, IUJb OBOT paja je MpolieHa aHTHOKCHJATUBHOT 1 aHTUMUKPOOHOT
MOTEHIMjala ETAaHOHKUX eKcTpakata Parmelia saxatilis w Pseudoevernia furfuracea
MPUKYIIJBEHUX Ca HeKKX JiokajauTeTa y Cpouju. TecTupaHnu eKCTpaKTH Cy MOKa3aju 100ap
AHTUOKCHJIATUBHY NoTeHIHjan penykyjyhu DPPH panukan, y pactiony oz 14,76% o
79,76% (P. saxatilis), onHocuo ox 21,39% no 90,04% (P. furfuracea). AHTUOKCUIATUBHU
MOTEHIIMjaJl TECTUPaHUX eKCTpakaTa oapasuo ce u Ha ECsoBpenHocT koja je 3a P. saxatilic
6una 1,79 mg/mL a 3a P. furfuracea 1,05 mg/mL. Crenen neytpanuzauuje DPPHe
eKcTpakToM P. saxatilis OWo je y BACOKOM CTEIICHY Kopenaiuje ca cajapixkajemM QpeHo-
HuX jemumemsa (R? = 0,9981) 1ok je kox P. furfuracea caipxaj yKymHUX (QIaBOHOMAA
Kopenucao ca pexykuujom DPPH panukana (R? = 0,9641). TecTupaHu eKCTPaKTH Cy ce
Takol)e mokaszanu u Kao 100pyu aHTUMHUKPOOHU areHcu. Hanme, excrpakr P. furfuracea
je MHXHOMpao pacT CBUX TECTHPAHUX MHUKPOOpPTaHU3aMa ca u3y3eTKoM Aspergillus
flavus, nox je exctpakT P. saxatilis HEraTUBHO YTHIIA0 CaMO Ha pacT 0aKTEepPHjCKHUX
BpcTa. Melhy Tectupanum Mukpoopranm3smMuma, Staphylococcus aureus je 6una Hajo-
ceTJbUBH]ja HA eKCTpaKT P. saxatilis, Klebsiella pneumoniae na excrpaxt P. furfuracea,
ToK ¢y Enterococcus faecalis, Pseudomonas aeruginosa ka0 ¥ MEKpPOMHAIIETa OMIIN
HajMamke OCETJbUMBE Ha TECTHPAHE EKCTPAKTE JIHUILAjeBa.

KJbYUHE PEYU: anTHOKCUIATUBHY MOTEHIIM]aJl, AHTUMUKPOOHU MOTSHIIH]aI,
Parmelia saxatilis, Pseudoevernia furfuracea
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SUCCEPTIBILITY OF SOME FUNGI TO
Boswellia carteri Birdw. ESSENTIAL OIL

ABSTRACT: Antifungal activity of commercial sample of Boswellia carteri essential
oil against selected micromycetes was evaluated in vitro using a microatmosphere method.
When compared with biocide Sanosil S003, used as positive control, the tested essential oil
showed moderate antifungal activity. The most susceptible fungi to oil treatment were Stachy-
botrys chartarum and Trichotecium roseum. For both fungi, mycelia growth inhibition of
85% was recorded at oil concentration of 100 uL mL™" The tested essential oil caused inhi-
bition of S. chartarum sporulation as well as depigmentation of conidia, which is very sig-
nificant since melanin contributes to virulence, survival and endurance of pathogenic fungi
spores. Aspergillus niger was the least susceptible isolate to essential oil treatment. Mycelial
growth of this fungus was not inhibited by any oil concentrations used in the experiment.

KEYWORDS: antifungal activity, Boswellia carteri Birdw., essential oil, micromycetes

INTRODUCTION

The genus Boswellia (order Sapindales; family Burseraceae) consists of
19 species, mostly distributed in tropical regions [ Niebler and Buettner 2015].
Boswellia carteri Birdw. (syn. Boswellia sacra Flueck.), commonly known as
frankincense or olibanum tree, is a deciduous middle sized tree which inhabits
arid woodland and eroding slopes in Oman, southern Yemen and northern
Somalia [Thulin 1998]. Although major botanical and scientific references
currently regard two scientific names for frankincense, B. carteri and B. sacra,
as being synonymous [Woolley et al., 2012], according to Niebler and Buettner
[2015], B. sacra refers to frankincense population originating from Oman and
Yemen, while the scientific name B. carteri is related to the plants of Somalian

* Corresponding author E-mail: smilos@bio.bg.ac.rs
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origin. Since the essential oil (EO) used in this study originated from Somalian
plants, the name Boswellia carteri Birdw. was chosen. Frankincense resin has
been widely used in folk medicine for the treatment of rheumatic and other
inflammatory diseases, and ulcerative colitis [Prajapati et al., 2003]. High
assortment of biological activity of B. carteri resin and essential oil is related to
their chemical composition and presence of active ingredients such as a-pinene,
linalool, and 1-octanol [Li ef al., 2016].

The aim of this study was to estimate antifungal potential of B. carteri
EO against selected mould species. Literature reports regarding the antifungal
properties of B. carteri EO are scarce. However, El-Nagerabi et al. [2013]
indicated significant antifungal properties of B. carteri EO against aflatoxin-
producing Aspergillus species belonging to section Flavi. Also, Prakash et al. [2014]
confirmed antifungal activity of frankincense against toxigenic Aspergillus
species.

MATERIALS AND METHODS
Essential oil

The Boswellia carteri EO used in the study was a commercial sample
obtained from Herba, d.o.0, Belgrade, Serbia (serial number: 8606103256300),
as a product imported from France. The frankincense resin originated from
Somalia, and was hydrodistilled in France in order to yield high quality EO.

Biocide

Biocide, Sanosil S003 (Sanosil Ltd.), used as a positive control in antifungal
assay, was obtained from the Institute for Protection of Cultural Monuments in
Serbia, as a water solution of the final concentration 2.7% (silver nitrate 0.2%,
and hydrogen peroxide 2.5%).

Tested fungi

Fungi used in antifungal assay (Aspergilus melleus Yukawa (BEOFB 351m),
Aspergillus niger Tiegh (BEOFB 342m), Emericella nidulans (Eidam) Vuill.
(BEOFB 331m), Stachybotrys chartarum (Ehrenb.) S. Hughes (BEOFB 1410m),
and Trichotecium roseum (Pers.) Link (BEOFB 1510m)) belong to the fungal
collection of the Department for Algology, Mycology and Lichenology, Insti-
tute of Botany, Faculty of Biology, University of Belgrade. Fungal isolates were
maintained on malt extract agar (MEA), potato dextrose agar (PDA), stored at
4 °C and subcultured once a month. All tested fungi are human, animal or plant
pathogens.
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Microatmosphere method

For studying the effect of the volatile fractions of the B. carteri EO, modified
microatmosphere method, described by Maruzzella and Sicurella [1960], was
used. The assay was performed in sterile Petri dishes (85mm, ) containing
MEA (20ml). After inoculation of tested fungal isolates in the center of MEA,
Petri plates were overturned. Sterilized filter paper (Icm?, surface area) sodden
with B. carterii EO at final concentrations of 5, 25, 50, 75 and 100 uL mL™" were
placed in the center of the Petri dish lid. Inoculated Petri dishes were then incu-
bated in incubator (Memmert) at the temperature of 24 + 1 °C. Colony growth
of tested fungi was measured after 7 days. Effect of antifungal activity was
expressed in terms of mycelial growth inhibition (MGI) and calculated according
to Pandey et al. (1982) formula:

MGI (%) = 100 (DC — DT)/DC

DC = average diameter of fungal colony in control (mm);
DT = average diameter of fungal colony in treatment (mm).

Agar dilution method

To investigate the antifungal activity of the biocide Sanosil S003, agar dilu-
tion method, with MEA as medium, was used [Ishii 1995]. The stock solution
of biocide (2.7%) was further diluted in melted MEA i in Petri dishes to achieve
final concentrations of 1, 5, 10, 20, 50 and 100 uL. mL™". The tested fungi were
then transferred to the center of MEA and Petri dishes were incubated for 7
days (24 + 1 °C). MGI of the biocide was determined in the same manner as
for the micro-atmosphere method.

Microscopic analysis

After the incubation period, mycelium samples were taken from the margin
of a colony grown on MEA enclosed with evaporated B. carteri EO (microat-
mosphere method) or on MEA enriched with different concentrations of Sanosil
S003 (agar dilution method). The samples were dyed and fixed with Lactophenol
cotton blue and observed under a light microscope (Zeiss Axio Imager M.1, with
AxioVision Release 4.6 software) to examine the occurrence of morphological
abnormalities. Samples from the control plates were also stained and observed.

Statistical analysis

One-way ANOVA (Microsoft office Excel 2007) was performed for my-
celial growth assay, and p value less than 0.05 was considered statistically
significant.
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RESULTS AND DISCUSSION

The tested fungi exposed to Boswellia carteri EO displayed different
susceptibility. The least susceptible species was Aspergillus niger, with MGI
not documented for any of the EO concentrations used in the experiment. On
the other hand, Stachybotrys chartarum and Trichotecium roseum were the
most sensitive fungal isolates (p < 0.05), with the highest documented MGI
(85 + 1.88% and 85.0 + 1.24%, respectively) at the concentration of 100 L mL"!
(Figure 1a). Biocide Sanosil S003, used as positive control, exhibited stronger
antifungal activity compared with B. carteri EO. Although the tested fungi
showed different susceptibility to biocide, in case presented here it can also be
concluded that S. chartarum was the most sensitive fungi. Sanosil S003 at
concentration of 5 uL mL™" caused 100% of MGI for this mould. On the other
hand, 4. melleus and Emericella nidulans were the least sensitive fungi in
biocide treatment (p < 0.05) (Figure 1b).
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Figure 1. Susceptibility of the tested fungi to (a) Boswellia carteri essential oil and (b)
biocide Sanosil S003. The concentration of oil and biocide is expressed in pL mL".
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In addition to MGI, variations in morphological aspects were observed
for some fungi grown in essential oil enriched microatmosphere, such as differ-
ent growth dynamics, absence of sporulation depigmentation, etc. (Figure 2).
The highest concentration of B. carteri EO (100 uL mL") caused scarce spor-
ulation in 4. niger colonies (Figure 2c). It appears that B. carteri EO can prevent
A. niger to complete its life cycle by interfering with conidia formation. Similar
variations in 4. niger colonies, due to interaction with different EOs, have already
been reported. Visible lack of sporulation and pigmentation of A. niger colonies
grown with essential oil isolated from Citrus sinensis (L.) epicarp were re-
ported by Sharma and Tripathi [2008], while Stupar et al. [2014] pointed out
Helichrysum italicum (Roth) G. Don EO sporulation-inhibiting activity against
A. niger.

Control Spl ml! 25 pl ml* 50 pl ml? T5plml? 100 pl ml!

Figure 2. Colony growth of (a) Stachybotrys chartarum, (b), Trichotecium roseum and
(c) Aspergillus niger in Boswellia carteri essential oil enriched microatmosphere.

Likewise, scarce sporulation in S. chartarum colonies was recorded in the
presence of B. carteri EO (75 and 100 uL mL™) (Figure 2a). Also, B. carteri EO
caused depigmentation of S. chartarum conidia, probably due to inhibition of
melanin synthesis during development of hyphae and conidia. Since melanin
production by certain pathogenic fungi contributes not only to their virulence
[Butler et al., 2001], but also to survival and endurance of fungal spores [ Wheeler
and Bell 1988], demelanization induced by interaction with B. carteri EO is a
very significant result. Furthermore, S. chartarum is a well known producer of
toxic secondary metabolites (atranones, dolabellanes, satratoxins, roridins and
trichodermin) and exposure to this fungus leads to rashes, mucosal irritation
and bleeding [Samson et al., 2010]. In recent years, this fungus has attracted
attention as a possible causative agent of the so called “sick building syndrome”
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[Mahmoudi and Gershwin 2000]. To our knowledge, there are no scientific reports
regarding the S. chartarum susceptibility to B. carteri EO.

In case of E. nidulans, morphological alterations included formation of both
teleomorphic and anamorphic fungal reproductive structures. Teleomorphic state
of E. nidulans included formation of cleistotecial ascocarps. It is well known
that formation of cleisthotecia involves the coordinated development of two
quite different tissue types: ascogenous cells that ultimately give rise to asci
and the network of sterile hyphae that surround the asci forming peridium
[Sohn and Yohn 2002]. Since the observations obtained with light microscopy
revealed the abundant presence of cleisthotecia surrounded by Hiille cells in the
highest tested EO concentration (100 uL mL™") (Figure 3b), it can be assumed
that increasing EO concentrations favored the formation of ascocarps. At lower
oil concentration only conidiophores bearing the conidial heads were present
(asexual state Aspergillus nidulans) (Figure 2a).

Figure 3. Influence of Boswellia carteri essential oil on anamorph/teleomorph
occurrence of Emericella nidulan: a) anamorphic stage, Aspergillus nidulans,
dominant in control colony, b) favorized cleisthotecia formation, documented

at oil concentration of 100 uL mL"!

The antifungal activity of B. carteri EO obtained in this experiment
can be considered moderate and significantly lower than antifungal effect
of Sanosil S003. However, documented MGI and morphophysiological
variations suggested that investigated EO can interfere with fungal me-
tabolism. Application of EOs against fungi may lead to cytoplasm retraction
and hyphal wall disintegration [Carmo ef al., 2008]. Also, EOs components
can interfere with enzymatic reactions within the hyphae, and as such affect
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fungal growth and morphogenesis [Souza et al., 2010]. On the other hand,
antifungal activity of biocide Sanosil S003 could be ascribed to synergistic
activity of its main components: silver ions and hydrogen peroxide. The main
mechanisms of action of this biocide include oxidizing of lipids, proteins and
DNA [Bienert et al., 2007], as well as functional alterations of cell membrane
and hyphal walls [Jo et al., 2009], and enzyme inactivation [Feng et al., 2000].
In general, essential oils can be good alternative for nowadays com-
monly applied biocides, due to low mammalian toxicity, susceptibility to
biodegradation and consequently low impact on the environment.
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OCETJBMBOCT MUKPOMMUIIETA HA PA3JIMYUTE KOHIIEHTPALIUIE
ETAPCKOTI YJbA Boswellia carteri Birdw.

Munow Y. CTYIIAP, Mapuna 3. KOCTHR, )Kewxo /] CABKOBUR,
Huxona JI. VHKOBU'R, Munuya B. JbAJPEBU'R I'PBU'R, Jenena b. BYKOJEBU'R

Yuusepsuret y beorpany, buomomku daxynrer,
WucTuTyT 32 O0oTaHuky u borannyka 6amra ,,JeBpemoBarr’,
Taxoscka 43, 11000 Beorpan, Cpbuja

PE3VME: AnTudyHraiina ak THBHOCT KOMEPIIHjaJIHOT ITpenapaTa eTapcKor yjba
Boswellia carteri uciutuBaHa je METOIOM apoMaTuyHe Komope. Y nopelemy ca buoru-
noM Sanosil S003, kopuirheHM Kao MO3UTHBHA KOHTPOJIA, UCITUTHBAHO €TAPCKO yJbe
TaMjaHa II0Ka3aJio je yMepeHy aHTU(yHTraJIHy akTUBHOCT. HajoceTspuBHje MUKPOMULIETE
Ha MCIIUTHBAHO CTAPCKO yJbe TaMjana 6une cy Stachybotrys chartarum w Trichotecium
roseum, KOJ KOJI/IX 85% mHXMOUIHMje pacTa MUIETH]je 3a0eIeKEHO TIPH KOHIICHTPAIUjH
yiba 100 uL mL™. Taxohe, xox BpeTe S. chartarum 3a0enexXeHo je CMamermhe HHTEH3H-
TETa CIOPYJIALH]je, Kao U ACIUTMEHTAIH]a KOHH/IH]a. MeTaHHH NPUCYTaH y KOHM/H]a-
Ma JIOLPUHOCH BYPYJICHTHOCTH U ONCTAHKY NaTOreHuX Bpera. Bpera Aspergillus niger
T0Ka3aJsa je HajMarby OCET/bHBOCT HA HCIUTUBAHO €TAPCKO YIbe C 003UPOM J1a HHXUOH-
L{ja pacTa MHLEIHje OBE BPCTE HUje 3a0emekeHa npu Hajehoj KOHLEHTpALUjH yiba
KOpUIIhEeHOM y eKCIIEpUMEHTY.

KJbYUYHE PEYU: antudynrasna akruBHOCT, Boswellia carteri Birdw., erapcka
yJba, MUKPOMULIETE
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INFLUENCE OF GREEN ALGAE
Chlorella vulgaris ON INITIAL GROWTH
OF DIFFERENT AGRICULTURAL CROPS

ABSTRACT: The aim of this research was to evaluate the effect of green algae Chlorella
vulgaris on the initial growth of wheat, maize, bean and lettuce and the microbiological
activity of rhizospheric soil. The experiment was conducted in controlled conditions. The
inocula were applied as foliar fertilizer by spraying. Plant material was taken 30 days after
plant emergance. Chlorella vulgaris affected positively the length (28.5% increase) and fresh
mass (17.9% increase) of maize root, stem length of wheat (24.2% increase) and stem mass
of lettuce (56.34% increase). Application of Chlorella vulgaris led to the increase of the
total number of bacteria and the number of aminoheterotrophs in the maize rhizosphere,
total bacterial number in the wheat rhizosphere, and the number of fungi in the rhizosphere of
bean. The number of other investigated groups of microorganisms did not change significantly.
The activity of dehydrogenase enzyme was not affected by inoculation with green algae.

KEYWORDS: green algae, foliar treatment, stimulation of growth

INTRODUCTION

Green algae Chlorella vulgaris stimulates plant growth by production of
growth hormones, vitamins, macronutrients (N, P, K) and micronutrients (Fe)
[Bajguz and Piotrowska-Niczyporuk 2013]. Chlorella sp. enhances soil structure,
soil aeration, and absorbs heavy metals. Mode of application varies from fo-
liar treatment to seed coating or only algal extracts could be used [Faheed and
Abd-El Fattah 2008]. Green algae based microbial fertilizers are used in Hun-
gary, India, Egypt, Portugal and in Scandinavia. Chlorella vulgaris can be suc-
cessfully used as single treatment or in combination with different rhizobacteria
[Raposo and De Morais 2011; Gonzales and Bashan 2000].

* Corresponding author E-mail: mikrobiologija@polj.uns.ac.rs
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The aim of this research was to investigate the influence of Chlorella
vulgaris based microbial fertilizer on the initial growth of wheat, maize, been,
and lettuce, as well as on the microbiological activity in the rhizospheric soil.

MATERIAL AND METHODS

The experiment was set up in vegetation pots filled with humus substrate.
Plant material was as follows: maize (NSSC6010), been (Zuta olovka), wheat
(NSR-5) and lettuce (Majska kraljica). The above ground plant parts were treated
foliarly by spraying two times within 30 days with 1.6% water suspension of green
algae microbial inocula (Natur Plasma — liquid fertilizer containing Chlorella
vulgaris, 3x10” CFU/ml, Hungary). First application was carried out seven days
after emergence, second treatment 25 days after emergence. Sampling of the
plant material was performed five days after second treatment. Stem length (cm),
stem fresh mass (g), root length (cm) and root fresh mass (g) were measured.
In the rhizospheric soil, the total number of bacteria (TNB), number of actino-
bacteria (ACT), fungi (FNG), aminoheterotrophs (AMH) and azotobacter (AZB)
were determined. Standard method of agar plates was used [Trolldenier 1996].
Dehydrogenase (DHA) activity was measured by spectrophotometric method
[Lenhard 1956; Thalmann 1968]. Statistical analyses were performed using
STATISTICA 10.0 (Hamburg, Germany).

RESULTS AND DISCUSSION

Application of Chlorella vulgaris affected differently the initial growth
of the plants. The initial maize growth parameters increased by 4.5 and 28.5%
(Table 1). Maize root length was the highest regardless of the foliar treatment
of Chlorella vulgaris. The highest stem length was obtained in wheat. Stem
and root of bean plants grew uniformly, the increase in length was around 10%,
respectively. Chlorella vulgaris affected positively the growth of lettuce, which
is of great importance because it is mainly grown for leaves and used as salads
in human diet.

The significant increase of growth parameters recorded in this research
is in accordance with the works of many authors worldwide. Faheed and Abd-El
Fattah [2008] studied the effect of green algae on growth parameters and some
physiological response of lettuce (Lactuca sativa) seed germination and growth.
Our results show that the fresh mass of lettuce increased by 56.34% after fo-
liar treatment with Chlorella vulgaris. The stimulatory effects of algae as bi-
ofertilizer on some growth parameters of lettuce are also in accordance with
the results obtained by Rani and Sathiamoorthy [1997]. Mahmoud and Amara
[2000] found that all treatments significantly increased plant growth param-
eters compared with untreated plant.
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Table 1. Effect of Chlorella vulgaris on investigated plant growth parameters*

Treatment Stem Root Stem Root
length length fresh mass fresh mass
Control 47.25 41.50 2.14 0.94
Maize Chlorella vulgaris 51.00 53.33 2.23 1.11
% increase ordecrease 7.9 28.5 4.5 17.9
Control 29.62 14.0 130.0 31.0
Wheat Chlorella vulgaris 36.8 16.6 174.0 38.4
% increase ordecrease 24.2 18.57 33.0 23.8
Control 33.5 32.0 4.25 0.791
Bean Chlorella vulgaris 37.0 35.5 4.40 1.11
% increase ordecrease 10.44 10.9 35 40.0
Control 17.25 14.25 5.85 0.816
Lettuce  Chlorella vulgaris 18.75 19.12 9.14 1.46
% increase ordecrease 8.6 342 56.34 78.3

* Plant growth parameters: stem length (cm), root length (cm), stem fresh mass (g/plant),
root fresh mass (g/plant)

Table 2. Effect of Chlorella vulgaris on microbiological activity in rhizospheric soil (log No)*

Treatment TNB ACT FNG AMN AZB DHA
Maize  Control 9.37% 6.21° 507°  9.20% 4.84° 474°
Chlorella vulgaris 9.95¢ 6.35° 5.66° 9.63¢ 4.83* 440°
Wheat  Control 9.41* 6.35% 4.76* 9.36* 4.72% 1424*
Chlorella vulgaris 9.84° 6.26% 5.38¢ 9.88* 477 674°
Bean Control 9.86¢ 6.24* 3.46° 9.69¢ 4.79* 5518
Chlorella vulgaris ~ 9.59% 6.28% 474 9.44% 4.56% 3422
Lettuce Control 9.19¢ 6.28" 4.42¢ 9.14% 3.70° 893°
Chlorella vulgaris 8.91° 6.20* 475% 8.93° 3.57° 2004*

* Note: different letters in superscript indicate the statistically significant difference

among investigated parameters; LSD test (p=0.05); DHA-ug TPF /10 g soil

Plants foliar treatment with Chlorella vulgaris led to the increase of total
bacterial number in the rhizosphere of maize and wheat (Table 2). Actinomy-
cetes and azotobacter were not affected significantly by algalization. Abun-
dance of saprophytic fungi was increased only in the rhizosphere of bean. The
number of aminoheterotrophic bacteria was increased in the rizosphere of
maize. Dehydrogenase activity was negatively affected by algal inoculation.
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In contrast to stimulated plant growth, algalization with Chlorella vulgaris did
not influence significantly the microbiological activity in the rhizosphere of the
investigated plants. This was expected, since the algal inoculum was applied as
foliar treatment. Few algal cells reached the soil surface and could not interact
with soil microorganisms.

Green algae as biofertilizers are a promising alternative to agrochemicals
in order to avoid soil pollution. Also, they recover the nutrients content in soil
as they secrete exo-polysaccharides that improve soil structure and bio-active
substances that enhance the plant growth. Algae are known to be one of the
most promising source of bio-control agents, thereby having positive impact
on human health [Silva ef al., 2000].
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[NPUMEHA AJITE Chlorella vulgaris KAO
MUKPOBHOJIOUIKO BYBPUBO

Tumea XAJHAJI JAPAPHU, Cumonuoa BYPHUR, /lpazana CTAMEHOB

VYuusepsuret y HoBom Cany, [Tossonpuspennu dakymnrer
Tpr Jocureja O6panosuha 8, 21000 Hosu Can, Cpouja

PE3UME: Llnsb uctpaxuBama 010 je 1a ce ucnuTa yTuiaj 3enene anre Chlorella
vulgaris Ha TIOYETHU PaCT MIIEHUIIE, KYKYPYy3a, TacyJba U cajaTe Kao U Ha MUKPOOHO-
JIOLIKY aKTUBHOCT PU30C(EpHOT 3eMJBHIITA HCITUTUBAHUX Ousbaka. OTIies je MOCTaBIbeH
Y KOHTPOJIMCAHUM YCI0BMMA. MUKPOOHOIOIIKH MPETapar je IpuMerbuBaH Gomnujap-
HO NpcKareM Onibaka. busbHu MaTepujai 3a anaausy yser je 30 1aHa HaKOH KiHjarba
oupaka. [Ipumena Chlorella vulgaris mo3UTHBHO je yTHIIaa Ha TYKUHY U CBEKY Macy
KOpEHa KyKypy3a, Iy>)KUHY HaI3eMHOT Jiefia IMIICHHIIE U canate. MIHOKyamuja 3eJeHoM
aJITOM JIoBeIa je Jio moBehama yKyImHor Opoja 6akTepuja u aMmruHOXeTepoTpoda y pu-
3ocepu Kykypy3a, yKynHor Opoja bakTepuja y pusochepu miieHuie, kao u 0poja
[JbHBA y pu3ochepu nacysba. BpojHOCT ocTanux rpymna MUKpOOpraHm3amMa Kao U aKTHB-
HOCT €H3MMa JICXHAPOreHa3e HUje CTAaTUCTHYKH 3HA4ajHO POMEHHCHA.

KJbYYUHE PEYU: Chlorella vulgaris, bonujapHu TpeT™MaH, CTUMYJIaIja pacTta
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SOIL MICROBIAL ACTIVITY UNDER CONVENTIONAL
AND ORGANIC PRODUCTION OF BEAN AND MAIZE

ABSTRACT: The objective of this study was to compare the effects of conventional
and organic production system on microbial activity in the soil cultivated with bean and
maize crops. The trial in Purdevo was set up according to the conventional farming system,
while organic farming system was used in Futog. Two maize hybrids and two bean cultivars
were used in the trial. Soil samples were collected in two periods during 2014 (before sow-
ing, at flowering stage of bean crops, and at 9—11 leaf stage of maize) at two depths, at both
locations. The following microbiological parameters were tested: the total number of micro-
organisms, number of ammonifiers, Azofobacter sp., free nitrogen fixing bacteria, fungi,
actinomycetes, and activity of dehydrogenase enzyme. The results showed that the total
number of microorganisms, number of free N-fixers and dehydrogenase activity were high-
er within organic production, while Azotobacter sp. was more abundant in conventional
production. Variations in the number of ammonifiers, fungi and actinomycetes in relation
to the type of production were not obtained. Significant differences in microbial activity
were also obtained between period and depths of sampling.

KEYWORDS: bean, conventional and organic production, dehydrogenase activity,
maize, microbial abundance

INTRODUCTION

Microorganisms account for 0.1 to 3.0% of total soil organic matter, and their
biomass in soil ranges from 1 to 5 t ha™ on average. Microorganisms play the key
role in the mineralization of organic compounds to inorganic and mobilization of
less soluble inorganic compounds in the soil, thus providing plants with nutri-
ents. In addition to the mineralization and nutrient cycling, soil microorganisms

* Corresponding author E-mail: jelena.marinkovic@nsseme.com
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are also involved in other important ecosystem functions, such as the formation
and preservation of soil structure [Bloem and Breure 2003].

Routine monitoring of soil from the biological aspect was launched in
several countries in the early nineties. One or more microbiological parameters
were included in these monitoring programs in most countries [Stenberg 1999].
Today, due to the increasing pollution, the European Union and many countries
around the world are working on introducing laws that would impose micro-
biological monitoring of soil as an obligation for the most effective protection
of the environment [Bloem et al., 2006].

For each soil type there are characteristic communities of microorganisms
with a specific number and proportion of different physiological groups [Marin-
kovi¢ et al., 2007]. Cultivation practices lead to the disturbance of these rela-
tionships, which is manifested by a reduced number and enzymatic activity of
microorganisms, especially because modern agricultural production involves
the use of large amounts of pesticides and fertilizers [Puri¢ et al., 2006].

Information about the general microbiological activity, potential soil fer-
tility and general causes of a certain condition of soil can be obtained by de-
termining the presence of certain systematic and physiological groups of mi-
croorganisms, the abundance of some genera and species as well as the activ-
ity of microbial enzymes [Milosevi¢ 2008].

The objective of this study was to compare the effects of conventional and
organic production system on microbial number and dehydrogenase activity
in the soil cultivated with bean and maize crops.

MATERIALS AND METHODS

Field trials were set up during 2014 at production plots in Futog and
Purdevo. The trial in Purdevo was set up according to the conventional farm-
ing system, while organic farming system was used in Futog. Trials at both
localities were set on chernozem soil using a randomized block design with
three replications. Two maize hybrids and two bean cultivars (Institute of Field
and Vegetable Crops, Novi Sad) were used for the trial. Maize hybrid NS 444
and bean cultivar “Dvadesetica” were used in Futog, while maize hybrid NS
609B and bean cultivar “Maksa” were used in Purdevo. Sowing was con-
ducted during the optimal sowing period, using all the necessary cultivation
practices. Bean seeds were inoculated with NS-Nitragin for beans and string
beans (Institute of Field and Vegetable Crops, Novi Sad).

Soil microbial properties were determined according to the number of dif-
ferent systematic and physiological groups of microorganisms and the activity
of the enzyme dehydrogenase (EC 1.1.1.). At both localities, soil samples for
microbial analyses were taken before sowing (March) and once during the
vegetation period — at the stage of flowering in beans and at the 9—11 leaf stage
in maize. Soil samples were taken from two depths, 0-30 cm and 30—60 cm.
Before sowing, the main soil chemical properties were determined at both
locations.
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The number of microorganisms was determined using the method of agar
plates on a suitable nutrient medium, while soil suspension was prepared using
a dilution series. The total number of microorganisms was determined on an
agarised soil extract, and the number of ammonifiers on the meat-peptone agar
(MPA) [Pochon and Tardieux 1962]. The presence of free N-fixers was deter-
mined on a N-free agar, and “fertile drops” method was used for the number of
Azotobacter sp. [Anderson 1965]. The number of actinomycetes was determined
on synthetic agar [Krasilnikov 1965], and the number of fungi on Czapek-Dox
agar. Incubation temperature was 28 °C, while incubation time depended on
the tested group of microorganisms [Jarak and Puri¢ 2006]. All microbio-
logical analyses were performed in three replications and the average number
of microorganisms was calculated at 1.0 g of absolute dry soil.

Dehydrogenase activity was determined using the spectrophotometric
method according to the standard [Casida et al., 1964], which is based on
measuring the extinction of triphenyl formazan (TPF) created by the reduction
of TTC (2,3,5-triphenyltetrazolium chloride).

The data were analyzed in accordance with three—way model of analysis
of variance (ANOVA) using Statistica software (StatSoft Inc. 2012), followed
by mean separation according to Fisher’s LSD test.

RESULTS AND DISCUSSION

The chemical soil properties of experimental fields are presented in Table
1. According to pH reaction of soil solution, soils from both localities can be
placed into the group of slightly alkaline soils. Soil at Purdevo locality is hu-
mic and contains an optimal supply of easily accessible phosphorus, while the
content of easily accessible potassium is high. Soil at Futog locality is slightly
humic, poorly supplied with easily accessible phosphorus, and supplied with
an optimal level of easily accessible potassium.

Table 1. Soil chemical properties

Experimental pH CaCO; Humus Total N AL-P,0s AL-K,O
Field in KCl in H,0 % % % mg/100g  mg/100g
Durdevo 7.26 8.07 1.51 3.14 0.215 24.8 48.0
Futog 7.48 8.31 6.78 2.08 0.155 6.7 21.8

Microorganisms are one of the indicators of the overall soil biogeny since
they are actively involved in the processes of transformation of organic matter,
assimilation of mineral elements, and formation of humus [Puki¢ ef al., 2003].
Some microbial groups can be used as indicators of soil fertility because of their
great sensitivity to changes of nutrient concentration in soil solution, water
content, etc. [Jarak et al., 2010].

37



The largest parts of soil enzymes have a microbial origin. Their activity
is primarily related to catalysis of the reaction of synthesis and mineralization
of organic matter, which can be used as a valid indication of soil fertility. Since
dehydrogenases are constitutive enzymes of most microorganisms, a general
assessment of microbial activity in soil can be given on the basis of dehydro-
genase activity [Jarak and Puri¢ 2006].

In these trials, the number of microorganisms and dehydrogenase activity
depended on the farming system, period and depth of soil from which the samples
were taken. Soil samples from deeper soil layers had a lower number of micro-
organisms of the tested microbial groups and a weaker dehydrogenase activity
in both sampling periods (Tables 2 and 3). Numerous previous studies [Goveda-
rica et al., 2000; Tintor et al., 2007; Marinkovi¢ et al., 2008; MiloSevi¢ et al.,
2010] have confirmed that the number of microorganisms decreases with the
depth of sampling, which is in accordance with the obtained results. The same
conclusion was reached by Samuel ef al. [2008]. Microbial activity is higher at
the soil surface (0—30cm) which contains more organic matter, as well as enough
moisture and oxygen. Aerobic microorganisms are most commonly found, and
their activity is the most significant to agriculture [Jarak and Colo 2007].
Deeper soil layers have less favourable ecological conditions, which results in
the lower number and weaker enzymatic activity of microorganisms.

The number of microorganisms and microbial activity are seasonal in our
climatic region. They are the highest in spring and early autumn, when soil mois-
ture is at a suitable level, and when temperatures range between 20-30 °C. High
temperatures and low soil moisture level during summer, as well as low tem-
peratures during winter, cause decrease in the number of microorganisms and
microbial activity.

Sampling period significantly affected the number of microorganisms
within the studied groups, and enzymatic activity in soil. Favourable climatic
factors during second sampling period caused the increase in the number of
microorganisms within the studied groups, while greatest differences were
observed in the system of organic farming at the soil surface (0—30 cm). A
higher number of ammonifiers, azotobacters, free nitrogen fixers, actynomi-
cetes, and the total number of microorganisms, was determined in soils under
bean and maize crops, whereas the number of fungi was not significantly
changed. Dehydrogenase activity was significantly higher in second sampling
period, in both conventional and organic production, when compared with the
period before sowing (Tables 2 and 3).

In the period before sowing, the total number of microorganisms and the
number Azotobacter sp., free N-fixing bacteria and actinomycetes was higher
at the surface of soil under conventional production compared with the or-
ganic production system. However, dehydrogenase enzymatic activity at the
soil surface layer was significantly higher under organic production system
(Tables 2 and 3).
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Table 2. Number of microorganisms and dehydrogenase enzymatic activity in the soil

cultivated with bean crops at the flowering stage

Microbial group
(CFU ml"! g absolutely dry soil) Dehydroge-
. nase activit
Production system m;l(;?;al;:ial Ammoni- | Azoto- | Free Funei Actino- (ug TPE g-ly
number fiers bacter |N-fixers <1 (;gé mycetes | goi] 24 hl)
<107 x 10° x 10? x 10° x 10*
Before sowing
Conven-| 030 cm 92° 42 99¢d 80° 17 10? 306
tional  |30-60cm| 47 3ede 62° 33¢ 7 1 151¢
o _ | 0-30cm 43¢ 364 68° 48°¢ 20% 6° 717°
rganic
£ 30-60 cm 224 23de 38¢ 19¢ 11¢d 0¢ 253¢4
During the
vegetation period
Conven-| 030 cm 51° 53 173% 46° 16°¢ 11° 675°
tional  |30-60cm| 44 36 149° | 28 | gede 2% 2354
_ | 0-30cm 217° 56* 127° 2247 267 11° 914*
Organic : - ] -
30-60cm | 104 19¢ 62° 78 8¢ 3% 313°

The different letter above the number indicates a significant difference at P < 0.05

Table 3. Number of microorganisms and dehydrogenase enzymatic activity in the soil
cultivated with maize crops at the 9—11 leaf stage

Microbial group
(CFU ml" g absolutely dry soil) Dehydroge-
. i nase activit
Production system T(?rts%)ir:ll Ammoni- | Azoto- | Free Funei Actino- (ug TPF g-ly
number fiers bacter |N-fixers 1(3%6 mycetes | goi] 24 1)
i 107 x 10 x102 | x100 | * x 104
Before sowing
Conven-| 0-30 cm 92° 42° 99¢ 80°¢ 17 10° 306°
tional 13060 cm | 47 310d 62¢ 33de 74 1° 1514
| 0-30cm 43¢ 36 68¢ 48% 20% 6° 7
Organic 1 1 1
30-60 cm 22 23 38° 19¢ 11° 0° 253¢
During the
vegetation period
Conve- | 0-30 cm 85° 542 185¢ 574 26 12 483°
ntional |30-60 cm |  41% 23¢ 163 | 30% | 4% | 3be 162¢
| 0-30cm 206 65° 156° 158* 130 11° 690°
Organic o 1 7 o 1
30-60cm | 107 28° 79¢ 98 8 2° 308¢

The different letter above the number indicates a significant difference at P < 0.05
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The total number of microorganisms and free nitrogen fixers was signifi-
cantly higher at both surface and deeper layers of soil cultivated with bean and
maize plants, under organic production. However, the number of Azotobacter
was significantly higher under conventional production of both plant species,
as well as the number of fungi in soils cultivated with maize plans. Number of
ammonifiers and actinomycetes did not vary enough to produce a statistically
significant change between the two production systems (Tables 2 and 3).

Similar results were obtained by Mrkovacki et al. [2012], who determined
a significantly higher number of microorganisms under organic production
system compared with conventional. Significant differences in microbial abun-
dance between plant species, growing systems and sampling periods were also
obtained by Bjeli¢ et al. [2015]. Opposite results were obtained in the research
of Perez-Brandan et al. [2014], which can be attributed to different agrichemical
soil properties, climate, and different production management. A research con-
ducted in Brazil by Bettiol ez al. [2002] and a research conducted in Vojvodina
[Vasin et al., 2013] indicated no great variations in the number of microorganisms
depending on the production system.

Species of the genus Azotobacter are one of the most significant free aerobic
nitrogen fixers. Number of Azotobacter depends on pH reaction of the environ-
ment, organic matter and phosphorus content, and it represents an important in-
dicator of soil fertility. Orr et al. [2012] indicate the possibility of higher number
of Azotobacter under conventional production, especially during the initial phases
of the vegetation period, due to higher initial concentrations of phosphorus in
mineral P fertilizers. This assumption was confirmed by the agrichemical analy-
ses of soil conducted in Burdevo and Futog, where plots under the conventional
production system had significantly higher phosphorus concentration. A higher
number of some groups of microorganisms before sowing, which was exhibited
in the research, as well as the increased number of Azotobacter sp. in the second
sampling period within the conventional production system, can be explained by
a higher content of humus, phosphorus, and potassium at this production plot.

Production system proved to have a significant effect on microorganism
enzymatic activity in the second samphng period. Dehydrogenase activity
ranged from 151 to 914 pug TPF g soil, and similar results were obtained by
Serra-Wittling et al. [1995], and Januszek et al. [2007; 2015]. At the soil surface
layers, cultivated with bean and maize crops, and deeper soil layers cultivated
with maize crops, a significantly higher dehydrogenase activity was detected
under organic production system (Tables 2 and 3).

Dehydrogenases are enzymes which transport hydrogen between donor
and acceptor in the respiration process, while their origin in soils is mainly
microbial. Higher dehydrogenase activity indicates higher respiration intensity
or larger microbial activity. Microbial activity in soil can be increased by adding
fresh organic matter through the application of organic fertilizers (manure,
compost, green manure, etc.), which ultimately leads to higher dehydrogenase
activity in soils. Research conducted by Vasin et al. [2013] showed that soils
under conventional growing system, or those undergoing conversion, have
lower dehydrogenase activity compared with organic agriculture.
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CONCLUSION

Differences in microbial activity between production systems were re-
corded for the total number of microorganisms, number of free N-fixers, Azoto-
bacter sp. and dehydrogenase activity. The number of microorganisms as well as
dehydrogenase activity significantly decreased with the increase of soil depth.
The increase of the total number of microorganisms, number of free N-fixers
and dehydrogenase activity in soil under two different crops grown within
organic production confirm the positive effect of this agricultural practice on
microbial activity and biological health of soil compared with conventional
management.
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MUKPOBNOJIOIIKA AKTUBHOCT 3EMJBMIITA ¥V KOHBEHLIIOHAJIHOJ
N OPTAHCKOIJ ITPOU3BOABU ITACYJBA U KYKYPY3A

Jenena 5. MAPUHKOBHUR', Hsan I1. ILIVIIIHUI]A?, ﬂpazana B. BJEJIUFR,
Bpanucnasa 5. THHTOP', Mupjana A. BACHR'

"MHCcTUTYT 3a paTapcTBO M HOBPTAPCTBO
Maxkcuma 'opkor 30, 21000 Hoeu Can, Cpouja
% Vuusepsuter y Hosom Cany, [IpupogHo-MaTeMaTHIKH (GaKkyaTeT
JenapTmaH 3a OMOJIOTH]y U €KOJIOTH]Y,
Tpr Jocuteja O6pamosuha 3, 21000, Hosu Can, Cpbuja

PE3MME: Llnsb oBUX HCTpakuBarba OMO je aa ce yropee epeKTH KOHBEHIINOHA-
HOT ¥ OPT'aHCKOT CHCTEMa rajermha Ha MUKPOOHOJIONIKY aKTUBHOCT Y 3eMJBHIITY KOj€ je
IO/ TTACYJbEM U KYKYpy30M Kao ycesuMa. Orirent y BypheBy mocTaBibeH je y cucTeMy
KOHBEHIIMOHAITHE MOJBOIPUBPETHE TPOU3BO/IIHE, a orlienl y DyTory y cucteMy opraHcke
MIPOM3BOMKE. Y OrjieiMa cy KopHIheHa JBa XuOpua KyKypysa | JIBe COpTe 1acysba
WncTtuTyTa 3a patapctBo u noBprapcto y HoBom Cany. Y3opuu 3eMsbuITa 32 MUKpO-
Ouoronike aHanu3e y3eTH cy TokoM 2014. rogune (mpe ceTBe Uy (a3u LBeTama nacysba,
kao n 'y (azu 9—11 mucroBa KyKkypys3a), ca iBe 1yOuHe, Ha 00a JokanuTeTa. MuUkpoOHo-
JIOIITKA aKTUBHOCT TpaheHa je Ha OCHOBY 3aCTYNJLEHOCTH YKYITHOT Opoja MUKpOOpra-
HU3aMa, aMoHu(pHKaTopa, Azotobacter sp., cio0OAHUX a30TO(UKCATOPA, [TBHBA, AKTHHO-
MULIETa M aKTUBHOCTH €H3UMa IeXuIporeHase. Pesynraru cy mokasanu Jja cy yKynaH
Opoj MUKpoOpranmnszama, Opoj cIo00aHIX a30ToPUKCATOPA U IEXUIPOTreHa3HA aKTUB-
HOCT Ouut Behu y cHcTeMy OpraHcke IPOU3BOAELE, 10K Cy BPCTe U3 poja Azotobacter
Sp. OuIIe 3acTyIIbCHHUjE Y CHCTEMY KOHBEHITHOHAHE MPOM3BOAKe. Hucy 3abenexene
pasnuke y 6pojHOCTH aMOHH(UKATOPA, [TbUBA U AKTHHOMHLICTA Y 3aBUCHOCTH OJf CH-
cTeMa rajema. Takolje, 3Ha4ajHe pa3iiuke y MUKPOOHOJIOIIKO] aKTUBHOCTH YTBpheHe
cy usmel)y nepuosa u 1yOuHe y30pKOBamba.

KJBYYUHE PEYMU: nacysb, KOHBEHIIMOHAIHA U OPTaHCKA TPOU3BObA, AEXUIPO-
reHa3Ha akTUBHOCT, KYKypy3, OpOjHOCT MHKPOOpraHHu3aMa
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THE EFFECT OF INOCULATION WITH
Azotobacter chroococcum ON MICROORGANISMS
IN RHIZOSPHERE AND SUGAR BEET YIELD
IN ORGANIC FARMING

ABSTRACT: The effect on sugar beet yield parameters and microbiological soil sta-
tus was studied using two techniques of sugar beet inoculation with strains of Azotobacter
chroococcum. Cultivar “Drena” was used in the study, and field trial was set under the
conditions of organic farming system in Backi Petrovac. A mixture of three strains of Azo-
tobacter chroococcum was used as microbial fertilizer. Inoculation was performed by: (A)
incorporation of strains into soil before sowing; and (B) repeated incorporation of strains
into soil two weeks after sowing. PGP characterization of the strains confirmed the ability
of producing indole-3-acetic acid (IAA) from 12.63 ug ml™ to 14.95 pg ml™, nitrogen fixa-
tion, and P-solubilization. Positive effects on the number of azotobacter and free nitrogen
fixers in rhizosphere were obtained by inoculation, as well as positive effects on the tested
sugar beet yield parameters. The largest increase in root yield, yield of crystal sugar, and
yield of polarised sugar compared with the control was obtained by repeated soil inoculation,
ranging from 22 to 23%.

KEYWORDS: abundance of microorganisms, Azotobacter chroococcum, organic
production, root yield, sugar beet, sugar yield

INTRODUCTION

Production of mineral fertilizers requires a significant amount of non-
-renewable energy sources and great financial expenses, with negative effects
of their application on the environment. Rationalization of mineral fertilizer
application can be achieved using N-fixing and P-solubilizing bacteria as mi-
crobial fertilizers, which transform the macroelements essential for plant nutrition
(nitrogen and phosphorus) into plant-accessible forms [Mili€ et al., 2004; Mi-
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losevi¢ et al., 2006]. Interaction between plants and microorganisms are becom-
ing increasingly significant in the systems of sustainable organic agriculture,
above all for the purpose of transformation and mobilisation of nutrients from
limited soil nutrient supply, so that plants can adopt these nutrients in order to
achieve their full genetic potential. Therefore, more work has recently been
made in the use of microbial preparations as addition or replacement for min-
eral fertilizers and pesticides, and increased efficiency of these preparations
using the best combinations of useful bacteria.

Among the plant growth-promoting rhizobacteria — PGPR, bacteria of the
genus Azotobacter is well known for promotion of growth of non-leguminous
plants, resulting in increased plant growth, increased dry weight, higher total
nitrogen content, and often in significant yield increase [Govedarica et al., 1993;
Jarak et al., 2012; MiloSevi¢ et al., 2012]. The results of our previous research
revealed a s1gn1f1cant effect of Azotobacter chroococcum on productive and
technological traits of sugar beet [Caci¢ et al., 2003; Mrkovacki et al., 2008],
and a significant increase in biogenicity of sugar beet rhizosphere [Mrkovackl
and Mezei 2003; Kuzevski et al., 2011]. Besides the ability to bind atmos-
pheric nitrogen, bacteria of the genus Azofobacter have a positive influence
on growth and yield of plants due to their P-solubilization ability as well as the
ability to produce phytohormones, exopolysaccharides, siderophores, and an-
tibiotics [Bjeli¢ et al., 2015].

With the application of PGPR a limited yield increase can be achieved,
due to variability of the factors which contribute to the survival of PGPR strains
in soil. In addition to the selection of optimal bacterial strains and defining
their useful traits, it is necessary to additionally examine different techniques
of inoculant application. Therefore, the aim of our research was to examine the
effect of inoculation and repeated inoculation with Azotobacter chroococcum
strains on microbial abundance in rhizosphere and yield of sugar beet grown
in the system of organic farming.

MATERIALS AND METHODS

Bacterial strains. Strains of Azotobacter chroococcum (strains 5, 8, 14) used
in this study were taken from the collection maintained at the Department of
Microbiological Preparations, Institute of Field and Vegetable Crops, Novi Sad
(WDCM754). A. chroococcum was cultured for 72 hrs in Burk’s N-free broth,
at optimal temperature of 28 °C, at a shaking rate of 150 rpm.

PGPR properties of Azotobacter strains. Quantitative analysis of [AA
production was performed as described by Glickman and Dessaux [1995]. The
potential of strains to grow on Dobereiner nitrogen-free culture medium [Do6-
bereiner 1988] indicated their N,-fixation ability. Phosphate solubilization
capacity was determined by spot inoculations on Pikovskaya medium — PVK
[Pikovskaya 1948] and National Botanical Research Institute’s phosphate me-
dium — NBRIP [Nautiyal 1999] with 0.5% TCP [Ca;(PO,),].
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Experimental design. Research of the effects of different inoculation tech-
niques using Azotobacter chroococcum strains on the parameters of yield and
microorganisms of sugar beet rhizosphere was carried out at the locality of Backi
Petrovac. The experiment was set in the system of organic production as a ran-
domized block design with four replications, using basic plots 10 m long and 2 m
wide. Sowing was done mechanically, using inter-row spacing of 50 cm x 10 cm,
with the correction of planting density after sprouting to inter-row spacing of
20 cm. Seed of sugar beet cultivar “Drena” developed at the Institute of Field
and Vegetable Crops in Novi Sad was used for sowing. Two techniques for inocu-
lation with Azotobacter chroococcum strains were used in the trial: (A) incor-
poration of strains into soil before sowing, (B) repeated incorporation of strains
into soil two weeks after sowing. A mixture of liquid cultures of Azotobacter
chroococcum strains was used for soil treatment (strains 5, 8 and 14). The
capacity of inoculum (density of 10° cells per ml) was calculated per trial surface
(1 1inoculum + 300 I water ha™"). Untreated soil was used as the control.

Microbiological analysis. Rhizosphere soil samples were taken for micro-
biological analyses at two dates (June and September) during 2015. Samples were
analysed by the serial—dilution method followed by plating on different selec-
tive media. A total number of microorganisms (TNM) was determined on an
agarized soil extract (dilution 107). Nitrogen—free medium was used for determina-
tion of free N-fixing bacteria (N-fix) (dilution 10°) and Azotobacter sp. (AZT)
(dilution 10%). Ammonifiers (AMN) were determined on a mesopeptone agar
(dilution 10°). All microbiological analyses were performed in three replications
and the average number of microorganisms was calculated at 1.0 g of abso-
lutely dry soil [Jarak and Puri¢ 2006].

Soil chemical analysis. Soil samples were taken for determination of soil
chemical characteristics at the end of the experiment, in late October. Samples
were collected from the depth of 030 cm, air-dried and ground to a particle
size <2 mm, after which the basic chemical characteristics were determined
in the laboratory of the Institute of Field and Vegetable Crops.

Yield analysis. Plants were dug up at the end of October, after which root
weight and number of plants were determined. The samples containing twenty
sugar beet plants from each replication were examined for their sugar content and
non-sugar content (K, Na, and amino N), which was determined in the labora-
tory of the Institute of Field and Vegetable Crops in Novi Sad for the purpose
of sugar beet root analysis. The obtained data were used for calculation of root
yield per surface unit, yield of polarized sugar, and yield of crystal sugar.

Statistical analysis. The variables were analysed in accordance with the
analysis of variance (ANOVA) using software STATISTICA (StatSoft Inc. 2012).
Means between the levels of the factors were separated by Duncan’s multiple range
test (DMRT) and letter groupings was generated using 0.05 level of significance.

RESULTS AND DISCUSSION

Azotobacter is one of the most widely reported among the different bac-
terial genera that have been established as PGPR [Mrkovacki and Mili¢ 2001].
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Azotobacter represents the main group of heterotrophic free living nitrogen-
fixing bacteria present in rhizosphere of many plants (free nitrogen fixation),
and occasionally at the root surface (associative nitrogen flxatlon) [Wam etal.,

2013]. The isolated culture of Azotobacter fixes about 10 mg nitrogen g of carbon
source under in vitro conditions [Jnawali et al., 2015]. The amount of nitrogen
taken by Azotobacter under field conditions is about 20—60 kg ha™ per year
[Hajnal et al., 2012], depending on soil conditions. PGP characteristics of strains
used in this research are shown in Table 1. Strains produced IAA on the agar
with added L-triptophan. N-fixing ability was determined for all strains, while
P-solubilizing ability was recorded in AC5 and AC8 strains. Similarly, the
variability within the PGPR properties in different isolates was recorded by
Cakmakci et al. [2009], while plant-growth response was variable and depend-
ent on the inoculant strain, plant species, and evaluated growth parameters.

Table 1. Plant growth promoting properties of Azotobacter strains

. IAA (ug ml™) ] P —sol
Strain N,-fix
0 pg ml! 250 pug ml! PVK NBRIP
ACS 0.37+£0.07 14.95 +£0.13 + + +
AC8 0.07 £0.12 12.99 +£0.22 + + +
ACl14 0.32+0.09 12.63 +0.35 + - -

IAA: values are average of three replicates (mean + SD); N,-fixation: (-) negative reaction;
(+) positive reaction; P-solubilization: (-) without clear zone (+) 1-4 mm diameter of clear
zone formed around the bacterial colony as a result of solubilization of tri-calcium phosphate

The presence of Azotobacter sp. in soils has beneficial effects on plants, but
the abundance of these bacteria is related to many factors, soil physico-chem-
ical (e.g. organic matter, pH, temperature, soil moisture) and microbiological
properties. Azotobacter presence in our climatic region goes from several
hundred to several thousand cells, primarily inhabiting neutral or alkaline soils.
The population of Azotobacter is generally low in the rhizosphere of crop
plants, and in uncultivated soils. However, a higher presence of Azotobacter
sp. was recorded in rhizosphere comparing with the surrounding soil. Previous
results have confirmed that the application of bacteria in plant production in-
creases the number and enzymatic activity of microorganisms, which results
in higher production ability of soil [Puri¢ et al., 2004; Jarak et al., 2012].

Our research revealed that the incorporation of strains in soil before and
after sowing lead to increase in the number of Azofobacter sp. and free nitro-
gen fixers in sugar beet rhizosphere. The number of Azotobacter increased
compared with the control in both sampling periods, and the largest number
was obtained in the variant of repeated incorporation of strains into soil in the
second period, which was higher than control by 23.2%. In the first period, the
number of ammonifiers was higher compared with the control in both variants
of inoculation. However, unlike the number of azotobacters and similar to the
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total number of microorganisms, the number of ammonifiers decreased in the
second sampling period. The highest total number of microorganisms and of
ammonifiers was obtained in the control variant in the second sampling pe-
riod. The number of free nitrogen fixers increased in the first sampling period
compared with the control, and decreased in the second sampling period. These
microorganisms were the most abundant (higher than control by 33.9%) in the
variant with repeated inoculation, similarly to the number of azotobacters in
the second period (Table 2). Increase in the abundance of microorganisms in
sugar beet rhizosphere as a result of inoculation with Azotobacter chroococcum
was also obtained in our previous studies [Mrkovacki et al., 2012].

Table 2. Effect of inoculation with Azotobacter on microbial number in sugar beet rhizosphere

Microbial group (CFU ml" g absolutely dry soil)
TMNx 10" | AZTx10° | AMNx10° | N-fixx 10°

Treatment Sampling

o I 68 + 44 abc 63+£46Db 111+20a 247+ 89 a

11 119+29a 102 + 33 ab 221+10a 99+50b

) I 97 + 18 ab 87+ 19 ab 129+ 14 a 251+73a
Inoculation

11 39+£19¢ 109 + 21ab 148 £ 40 a 65+74b

Repeated I 79 + 19 abe 70+ 15b 116+2a 330+£25a

Inoculation 11 53+ 30 be 126+ 8a 117+29a 41+31b

Values are average of four replicates (mean + SD); means followed by the same letter are
not statistically different at 0.05 level according to Duncan’s multiple range test (DMRT)

Chemical analyses of soil have shown that humus content and total nitro-
gen content were higher in inoculated variants compared with the control.
Therefore, the repeated incorporation of strains into soil had the best effect on
these traits (Table 3), suggesting that microorganisms play a very important
role in supplying nutrients to crop plants by improving soil fertility through a
number of processes. Microorganisms enable processes of humification and
dehumification, nitrogen fixation, and release of certain nutrients present in
organic matter (N, P, C, S). They also affect plant nutrition by the products of
their life activity, thereby participating in the creation and maintaining of soil
fertility, growth, yield and health of plants [MiloSevi¢ et al., 2006].

Table 3. Soil chemical properties

Treatment pH CaCO; | Humus | TotalN | AL-P,Os | AL-K,0
inKCl | inH,0 %o % % mg/100g | mg/100g
%) 7.55 8.29 2.82 2.61 0.194 29.8 26.8
Inoculation 7.53 8.19 2.11 2.79 0.207 27.6 26.4
IRepea“?d 7.50 8.24 1.61 3.18 0.218 24.8 26.8
noculation
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Incorporation of Azotobacter chrooccum strains in soil before and after
sowing significantly affected the studied parameters of sugar beet yield (Table
4). Root }/leld was increased by inoculation compared with the control (7.52—
8.47 tha™). Inoculation affected the increase in root yield by 20%, and repeated
inoculation increased it by 23%. Higher yields of polarized and crystal sugar
obtained after inoculation ranged between 20-21%, while repeated inoculation
caused the increase of the studied parameters by 22-23%.

Table 4. Effect of inoculation with Azotobacter on the yield of sugar beet roots (t ha™)

Root yield Polarized sugar yield Crystal sugar yield

Treatment (tha™) (tha™) (tha™)

o 3743+6.10b 5.19+£0.64b 434+0.76 b
100% 100% 100%

. 4495+1.08a 6.23+0.14a 527+026a

Inoculation

+20% +20 % +21%

Repeated 4590+ 179 a 637+0.16a 528+023a
Inoculation +23% +23% 1+22%

Values are average of four replicates (mean = sd); means followed by the same letter are
not statistically different at 0.05 level according to Duncan’s multiple range test (DMRT)

Previous results [Mrkovacki and Mezei 2003] obtained after two years of
testing the effects of inoculation with Azotobacter in several sugar beet cultivars
showed the increase in root yield bPI about 5.9%, and increased yield of crystal
sugar by 7.9-8.2% (536 660 kg ha™). The results of Cagié et al. [2003] showed a
statistically significant increase in crystal sugar yield of three sugar beet cultivars
at two localities after inoculation with 4. chroococcum. Yield increase due to
Azotobacter inoculation ranged from 2—45% in vegetables, 9-24% in sugar cane,
and 0-31% in maize, sorghum etc. [Pandey and Kumar, 1989]. Results of
Amirhandeh et al. [2012] suggested that Azotobacter chroococcum is a suit-
able inoculant, due to its positive response in crop production and it could be
part of a strategy in achieving sustainable agriculture. It is necessary that some
future researches further explore the potentiality of Azotobacter in crop pro-
duction, especially in organic growing systems. The success of PGPR inocu-
lants will depend on our ability to manage the rhizosphere in order to enhance
survival and competitiveness of these beneficial microorganisms.

CONCLUSION

The research confirmed that incorporation of Azotobacter chroococcum
strains into the soil affected the increase in sugar beet production and soil
biogenicity. Incorporation of strains into the soil before and after sowing lead
to the increase in abundance of Azofobacter sp. and free nitrogen fixers in
sugar beet rhizosphere. Root yield increased after inoculation compared with
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the control (7.52-8.47 t ha™). Inoculation increased root yield by 20%, and
repeated inoculation caused a 23% increase. Increase in the yield of crystal

sugar obtained after inoculation was 21%, while repeated inoculation caused
the increase of 22-23%.
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YTULIAJ MHOKVYJIALIMJE CA Azotobacter chroococcum
HA MUKPOOPITAHU3ME VYV PU30COEPU U ITPHOC
IHEREPHE PEITE ¥ OPTAHCKOJ ITPOU3BOAKBU

Haciuacuja . MPKOBAYKUW*, lpazana 'B. BJEJIUR, Jlusuja JI. MAKCUMOBHUR,
JKusxo I1. RYPYU'R, Muxajno 3. RUPHU'R, Munopao C. KUBAHOB

WHcTuTyT 32 patapcTBO U IIOBPTAPCTBO,
Maxkcuma 'opkor 30, 21000 Hosu Can, Cpouja

PE3UME: HcnuTas je edekaT ABa HaYMHa HHOKYJanyje mehepHe pemne ca cojeBu-
Ma Azotobacter chroococcum Ha IapaMeTpe rprHoca ehepHe perie 1 MUKPOOUOJIOIIKH
CTaTyc 3eMJbHINTA. Y UCOUTHBaKbHMA je KopuinheHa copra JIpeHa, a eKCIiepuMeHT je
MOCTaBJBCH Y CUCTEMY OpraHcke npousBoame y baukom [lerposiry. Kao mukpobromomko
hyopuBo kopumiheHa je cMmera Tpu coja Azotobacter chroococcum. VIHOKyanuja je uz-
BpIIIEHa Ha JIBa HAYMHA: (A) MHKOPIIOpaIlfja cojeBa y 3eMJbHIITE Ipe ceTre, (b) moHoBmeHa
MHKOPIIOpalLyja cojeBa y 3eMJBUILTE JIBE Helesbe HakoH ceTse. PGP kapakTtepusanujom
KOopHIIheHUX cojeBa yTBp})eHa je cnoco6H00T MPOAYKIIKje MHI0T-3-cupheTHE Kuceu-
ue (IAA) ox1 12.63 pg ml ' 10 14.95 pg ml, asorodukcanuje u pocdocomydunmsanuje.
Wuokynamujom je 700UjeH MO3UTUBAH e@eKaT Ha Opoj azoTobakTepa U cI000IHUX
azotoukcaTopa y pusocdepu, Kao U Ha UCIIMTUBAHE apameTpe mpruHoca miehepHe
pene. Hajeehe noBehame npuHoca kopeHa, MPUHOCA KPUCTAIHOT U MMOJAPU3aLIHOHOT
mehepa 1o6ujeHo je Ha BapujaHTHU MOHOBJbEHE WHOKYJIAIU]E 3eMJBUIIITA U KPETAJIO Ce
o1 22 110 23% y 0JHOCY Ha KOHTPOJIHY BapHjaHTYy.

KIJBYYUHE PEUU: Azotobacter chroococcum, GpojHOCT MUKpPOOpraHU3aMa, op-
raHCKa IPOM3BO/Kka, IPUHOC KopeHa, npuHoc mehepa, mehepHa perna
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VASCULAR FLORA OF THE PROMETANI SITE
(MOKRA GORA, NORTHERN PROKLETIJE MT.)

ABSTRACT: Floristic research of the Prometan; site, located in the northwestern part
of Mokra Gora Mt. along the right bank of the Ibar River, was conducted during 2011. A total
of 340 species and five subspecies of vascular plant taxa were registered. Families with the larg-
est number of species were Asteraceae, Fabaceae, Rosaceae, Lamiaceae, Ranunculaceae,
while the most numerous genera were Trifolium, Acer, Campanula, Geranium, Veronica,
Ranunculus and Vicia. Floral elements of analyzed plant taxa were grouped into ten areal
types, with domination of Central European and Eurasian and significant participation of
Mediterranean-Submediterranean. The biological spectrum was characterized by the dom-
inance of hemicryptophytes. Five strictly protected and 43 protected species were registered.
Prometanj is the only remaining locality in Serbia for tertiary species Adenophora liliifolia.
Floristic research of Prometanj should be extended to entire area of Mokra Gora Mt. together
with the Ibar River gorge, in order to explore the whole botanical richness of this area.

KEYWORDS: arel types spectrum, biological spectrum, Prometanj, Prokletije, vas-
cular flora

INTRODUCTION

Serbian part of the Prokletije mountain range is located in the extreme
southwest of the country, on the tripoint with Montenegro and Albania. Length
of the main mountain range, situated between Lake Skadar, the lower course
of the Drim and the Cijevna rivers in the southwest, and the valley of the Ibar
River near Kosovska Mitrovica in the northeast, is about 170 km. This is the
southernmost part of the Dinaric Alps, rising at the periphery of the Adriatic

* Corresponding author E-mail: boris.radak@dbe.uns.ac.rs
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Sea, in the wider area of Mediterranean fold mountains. As a consequence,
they represent a high mountain barrier, open for influences from the south, but
also from the north and an obstacle for further penetration of the same. As a
separate mountain system includes 24 mountain groups with 152 peaks over
2,000 m.a.s.l. [Belij 2003], organized into three relief units — north, central
and south [KneZevi¢ 1998]. Hajla, Zljeb, Rusolija, Mokra Gora and Mokra
Planina mountains are situated in the north, with Koprivnik and Lumbardske
Planine mountains in the central part, whereas Peravica, Bjeli¢ and Karanfili
belong to the southern part [Knezevi¢ 1998].

Research locality covers northwestern part of Mokra Gora Mt. along the
right bank of the Ibar River. It extends from the village of Leskovice in the
east to Mazgale saddle in the southwest and from the mouth of the Ibar River
in Gazivoda Lake (726 m.a.s.l.) to Veprnja Mt. (1,200 m.a.s.l.) (Figure 1). The
investigated area is mainly located in a gorge, which gradually passes into a
canyon. Mokra Gora massif consists almost entirely of Triassic carbonate rocks,
predominantly of limestone and dolomite [Sehovac 2003]. Dominant soil types
are limestone and dolomite black soil, brown soil on limestone and terra rossa
[Skorié et al., 1985]. Climate is modlfled continental with somewhat warmer
summers and colder and wetter winters [Anonymous 2013; Martinovi¢ and
Markisi¢ 2002]. The study area is dominated by forest vegetation of the order
Quercetalia pubescentis Br.-Bl. 1932 and Fagetalia sylvaticae Paw. 1928 with
different secondary communities and chasmophytic elements in rock crevices.
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Figure 1. Position and map of the investigated locality [Anonymus 1972; modified]

In his work Flora of the Principality of Serbia, Panci¢ had not provided
data for Mokra Gora Mt., only mentioning the Ibar River in a wider geo-
graphical context [Panci¢ 1874; Jankovi¢ 2003]. However, floristic data about
Sandzak region can be found in some regional floras [Beck 1906—1923; Van-
das 1909]. Igor Rudski [1949] pioneered research on flora and vegetation of
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Mokra Planina Mt. as adjacent part of the Prokletije mountain range, while
later the same massif was the subject of several studies by Koviljka Stankovi¢
Tomic¢ [1969, 1970, 1974]. The latter author has also contributed to the floristic
and vegetation research of Ibarski Kolasin, a wider area to which Prometanj
belongs (1967, 1975). Meadow and pasture vegetation of Tutin was studied by
Branimir Petkovi¢ [1985], Prokletije peaks in RoZaje surrounding by Martinovi¢
and Markisi¢ [2002], while the serpentine flora of the middle course of the
Ibar River was subject of interest of Prodanovi¢ and his colleagues [2008,
2010]. Prometanj, as a part of Mokra Gora Mt. in the upper course of the Ibar
River, has not been the subject of floristic researches so far.

MATERIALS AND METHODS

Plant material was collected during 2011 in all growing seasons. Plants were
herbarized using standard method [Nikoli¢ 1996] and deposited in the Her-
barium of the University of Novi Sad (BUNS). Determination was performed
using regional and national floras and iconographies [Domac 1973; Fiori and
Paoletti 1970; Javorka and Csapody 1975; Josifovi¢ 1972-1977; Sari¢ 1986, 1992;
Stevanovi¢ 2012; Tutin et al., 1968—1980; Tutin et al., 1993]. Taxonomic status
was harmonized according to reference databases [Euro+Med, 2006; Interna-
tional Organization for Plant Information, 2012; The International Plant Names
Index, 2012; The Plant List, 2013]. Grouping of angiosperm, ferns, horsetails and
gymnosperms taxa in higher systematic categories were done according to
selected authors [Christenhusz et al., 2011; Smith et al., 2006; Takhtajan 2009].
Plant material was subjected to standard floristic analysis. Floral elements were
determined according to Meusel and associates [1965, 1978] and Meusel and
Jager [1992] and classified into defined areal types for the territory of Serbia
according to Stevanovi¢ [1992a]. The life forms were defined according to
Raunkier [1934], adapted according to Mueller-Dumbois and Ellenberg [1974],
and further for the Flora of Serbia according to Stevanovi¢ [1992b].

RESULTS AND DISCUSSION

Floristic survey of Prometanj site revealed the presence of 345 plant taxa,
of which 340 at the species and 5 at the subspecies level (Table 1).
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Table 1. Vascular flora of the Prometan; site

Taxa Life form izl
type

Equisetopsida C. Agardh 1825
Equisetaceae Michx. ex A. DC. 1804
Equisetum arvense L. 1753 a Mes-Meg G rhiz Hol
Equisetum hyemale L. 1753 a Meg-Alt G rhiz Bor
Polypodiopsida Cronquist, Takht. &
Zimm. 1966
Aspleniaceae Newman 1840
Asplenium adiantum-nigrum L. 1753 fo semp Ch herb caesp CEv
Asplenium ruta-muraria L. 1753 fo semp Ch herb caesp Hol
Asplenium scolopendrium L. 1753 fo semp Ch herb semiros Hol
Asplenium trichomanes L. 1753 fo semp Ch herb caesp Cos
Ceterach officinarum Willd. 1804 fo semp Ch herb caesp/semiros MSm
Woodsiaceae Herter 1949
Gymnocarpium dryopteris (L.) Newman 1851 Mes G rhiz Bor
Dryopteridaceae Ching 1965
Polystichum aculeatum (L.) Roth ex Mert. 1800  fo semp Ch herb semiros Cos
Polypodiaceae Bercht. & J. Presl 1820
Polypodium vulgare L. 1753 fo semp Ch herb caesp Hol
Pinopsida Burnett 1835
Pinaceae Spreng. ex F. Rudolphi 1830
Abies alba Mill. 1759 ac semp Mes P scap CEv
Picea abies (L.) H. Karst. 1881 ac semp Mes P scap Bor
Pinus sylvestris L. 1753 ac semp Mes P scap Bor
Pinus nigra J.F. Arnold 1785 ac semp Mes P scap MSm
Cupressaceae Gray 1822
Juniperus communis L. 1753 ac semp Mi P caesp/Mi-Mes P scap Hol
Magnoliopsida Brongn. 1843
Aristolochiaceae Juss. 1789
Asarum europaeum L. 1753 v fo semp Ch herb rept EAs
Ranunculaceae Juss. 1789
Anemone nemorosa L. 1753 v Mi-Mes G rhiz Hol
Anemone ranunculoides L. 1753 v Mi-Mes G rhiz CEv
Aquilegia vulgaris L. 1753 a Mes-Meg H semiros EAs
Clematis recta L. 1753 a Alt H scap PSs
Clematis vitalba L. 1753 a Alt S lig MSm
Ficaria verna Huds. 1762 v Mi-Mes G tub CEv
Helleborus odorus Waldst. & Kit. ex Willd. 1809 v Meg G rhiz MSm
Hepatica nobilis Mill. 1768 v semp Mi-Mes H semiros Hol
Isopyrum thalictroides L. 1753 v Mes G rhiz PSs
Ranunculus acris L. 1753 a Meg H scap semiros EAs
Ranunculus bulbosus L. 1753 a Mes-Meg H scap CEv
Ranunculus millefoliatus Vahl 1791 v-a Mes H scap/G tub MSm
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Ranunculus polyanthemos L. 1753
Ranunculus repens L. 1753
Thalictrum minus L. 1753
Papaveraceae Juss. 1789
Chelidonium majus L. 1753
Fumariaceae Marquis 1820

Corydalis cava (L.) Schweigg. & Korte 1811

Corydalis solida (L.) Clairv. 1811

Pseudofumaria alba (Mill.) Lidén 1986 subsp.

acaulis (Wulfen) Lidén 1986
Fagaceae Dumort. 1829

Fagus sylvatica L. 1753

Quercus cerris L. 1753

Quercus petraea (Matt.) Liebl. 1784
Betulaceae Gray 1822

Alnus glutinosa (L.) Gaertn. 1790
Betula pendula Roth 1788

Corylus avellana L. 1753

Ostrya carpinifolia Scop. 1772
Juglandaceae DC. ex Perleb 1818
Juglans regia L. 1753
Caryophyllaceae Juss. 1789

Dianthus sylvestris Wulfen 1786

Petrorhagia saxifraga (L.) Link 1831
Saponaria officinalis L. 1753

Silene viscaria (L.) Jess. 1879

Silene vulgaris (Moench) Garcke 1869
Stellaria graminea L. 1753

Stellaria holostea L. 1753

Stellaria media (L.) Vill. 1789
Polygonaceae Juss. 1789

Persicaria maculosa Gray 1821
Rumex acetosa L. 1753

Rumex acetosella L. 1753
Balsaminaceae A. Rich. 1822
Impatiens glandulifera Royle 1835
Hypericaceae Juss. 1789
Hypericum hirsutum L. 1753
Hypericum perforatum L. 1753
Hypericum richeri Vill. 1779
Primulaceae Batsch ex Borkh. 1797
Lysimachia nummularia L. 1753
Lysimachia punctata L. 1753
Primula elatior (L.) Hill 1765
Primula veris L. 1753

a Meg H scap semiros
a Mes-Meg H rept
a Mes-Alt H scap

v-a Mes-Meg H semiros

v Mes G tub
v Mes G tub

v fo dec Mes-Mac Ch herb rept/caesp

fo dec Mes P scap
fo dec Mes P scap
fo dec Mes P scap

fo dec Mes P scap
fo dec Mes P scap
fo dec Mi P caesp/Mi P scap
fo dec Mi-Mes P scap/caesp

fo dec Meg P scap

a Mi-Mes fo dec Ch herb
semipulv-pulv

a Mes H caesp/fo dec Ch herb caesp
a Meg H scap

a Mes-Meg H scap semiros

a Mes H scap/G rad

a Mes-Meg H scap

v-a Mes fo dec Ch herb scap rept
v-aut Mi T rept

a-aut Mac-Meg T caesp/scap
a Meg H scap
a Mes-Meg H scap

a Meg-Alt T scap

a Mes-Meg H scap
a Mes-Meg H scap
a Mes-Mac H scap

v N-Mi fo dec Ch herb rept
v-a Mac-Meg H scap

v Mi-Mes H ros

a Mi-Mes H ros

PSs
EAs
EAs

EAs

CEv
CEv

MSm

CEv
MSm
CEv

CEv

EAs

CEv
MSm

MSm

MSm

MSm
EAs
EAs
EAs
EAs
EAs
Cos

EAs
EAs
Hol

Adv

EAs
EAs
SEm

CEv
PSs
EAs
CEv
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Primula vulgaris Huds. 1762
Salicaceae Mirb. 1815

Populus tremula L. 1753

Salix caprea L. 1753

Salix purpurea L. 1753

Violaceae Batsch 1802

Viola arvensis Murray 1770

Viola canina L. 1753

Viola odorata L. 1753

Brassicaceae Burnett 1835

Alliaria petiolata (M.Bieb.) Cavara & Grande 1913
Arabis alpina L. 1753

Capsella bursa-pastoris (L.) Medik. 1792
Cardamine bulbifera (L.) Crantz 1769
Cardamine enneaphyllos (L.) Crantz 1769
Draba lasiocarpa Rochel 1810
Erophila verna (L.) DC. 1821
Rorippa sylvestris (L.) Besser 1821
Sisymbrium officinale (L.) Scop. 1772
Thlaspi arvense L. 1753

Tiliaceae Juss. 1789

Tilia cordata Mill. 1768

Tilia platyphyllos Scop. 1771
Malvaceae Juss. 1789

Malva moschata L. 1753

Cistaceae Juss. 1789

Helianthemum nummularium (L.) Mill. 1768
Thymelaeaceae Juss. 1789

Daphne alpina L. 1753

Daphne blagayana Freyer 1838
Daphne mezereum L. 1753

Ulmaceae Mirb. 1815

Ulmus glabra Huds. 1762

Urticaceae Juss. 1789

Parietaria officinalis L. 1753

Urtica dioica L. 1753

Euphorbiaceae Juss. 1789
Euphorbia amygdaloides L. 1753
Euphorbia cyparissias L. 1753
Mercurialis perennis L. 1753
Crassulaceae J. St.-Hil. 1805

Sedum acre L. 1753

Sedum album L. 1753

Sedum telephium L. 1753

Sempervivum globiferum L. 1753 subsp. hirtum
(L.) ‘t Hart & Bleij 1999
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v Mi H ros

fo dec Mes P scap
fo dec Mi-Mes P scap/caesp
fo dec Mi P caesp

v-aut Mi-Mac T scap
v Mi-Mes H scap semiros
v Mi-Mes H rept ros

v-a Meg H scap bienn

v-aut N-Mac fo dec Ch herb rept
v-aut Mi-Meg T ros/H ros bienn
a Mes-Meg G rhiz

v-a Mes H scap

v Mi-Mes fo dec Ch herb pulv

v N-Mi T ros

a Mi-Mes H scap

aMeg T scap

v-a Mes T scap

fo dec Mes P scap
fo dec Mes P scap

a-aut Mes-Meg H scap

a Mes-Meg fo dec Ch suffr caesp
fo dec N P caesp

fo semp N P caesp

fo dec N P caesp

fo dec Mes P scap

a Mes-Meg H scap
a Meg-Alt H scap

a Mi-Mes H scap
a Mes-Meg H scap
a Mes-Meg H scap

v-a N-Mi Ch herb caesp succ
a Mi-Mes Ch herb scap succ
a Mes Ch herb scap succ

a Mi-Mes fo semp Ch herb ros succ

MSm

EAs
EAs
EAs

EAs
Hol
MSm

CEv
AAl
Cos
CEv
CEv
PSs
Hol
EAs
EAs
EAs

CEv
CEv

MSm

CEv

MSm
MSm
EAs

CEv

MSm
EAs

MSm
EAs
CEv

EAs
CEv
EAs

MSm



Saxifragaceae Juss. 1789
Chrysosplenium alternifolium L. 1753
Saxifraga paniculata Mill. 1768
Saxifraga rotundifolia L. 1753
Saxifraga tridactylites L. 1753
Rosaceae Juss. 1789

Aremonia agrimonoides (L.) DC. 1825
Aruncus dioicus (Walter) Fernald 1939
Crataegus monogyna Jacq. 1775
Filipendula vulgaris Moench 1794
Fragaria vesca L. 1753

Geum urbanum L. 1753

Malus sylvestris (L.) Mill. 1768

Potentilla micrantha Ramond ex DC. 1805

Potentilla recta L. 1753

Potentilla reptans L. 1753
Potentilla supina L. 1753

Prunus avium (L.) L. 1755

Prunus spinosa L. 1753

Pyrus pyraster (L.) Burgsd. 1787
Rosa canina L. 1753

Rosa glauca Pourr. 1788

Rosa spinosissima L. 1753

Rosa x nitidula Besser 1815
Rubus hirtus Waldst. & Kit. 1804
Rubus idaeus L. 1753

Rubus plicatus Weihe & Nees 1822
Sanguisorba minor Scop. 1771
Sorbus aria (L.) Crantz 1763
Sorbus aucuparia L. 1753

Sorbus torminalis (L.) Crantz 1763
Spiraea media Schmidt 1792
Onagraceae Juss. 1789

Circaea lutetiana L. 1753
Epilobium angustifolium L. 1753
Epilobium montanum L. 1753
Epilobium palustre L. 1753
Epilobium parviflorum Schreb. 1771
Fabaceae Lindl. 1836

Anthyllis vulneraria L. 1753
Astragalus glycyphyllos L. 1753
Colutea arborescens L. 1753
Cytisus austriacus L. 1763

Cytisus hirsutus L. 1753
Dorycnium herbaceum Villar 1779

v-a Mi-Mes T scap

v-a N-Mes fo semp Ch herb ros pulv
v-a Mes-Meg H ros

a-aut Mes T scap

a Meg H ros

v-a Mac-Alt H scap
fo dec N-Mi P caesp/Mi P scap
a Meg H scap

a Mes H rept

a Meg H scap

fo dec Mi-Mes P scap
a Mi-Mes H scap

a Mes-Meg H scap

a Mi-Mes H rept
a-aut Mes-Mac T rept/H rept
fo dec Mes P scap

fo dec N P caesp

fo dec Mes P scap

fo dec N P caesp

fo dec N-Mi P caesp
fo dec N P caesp

fo dec N P caesp

fo dec N P rept

fo dec N P caesp

fo dec N P caesp

a Mi-Mes H ros

fo dec N-Mes P scap
fo dec Mes P scap

fo dec Mes P scap

fo dec N P caesp

a Mac H scap

a Mes-Alt H scap

a Mes-Meg H scap
a-aut Mes-Meg H scap
a-aut Mes-Meg H scap

a Mes-Meg H scap caesp

a Mes-Meg H scap rept

fo dec Mi P caesp

v-a Mes-Mac fo dec Ch suffrut caesp
v-a Mi-Meg fo dec Ch frut caesp

a Mes fo dec Ch suffr caesp

Hol
AAl
MSm
CEv

MSm
Hol
CEv
EAs
EAs
EAs
EAs

MSm
PSs
EAs
EAs
CEv
PSs
CEv
CEv
CEv
CEv
CEv
CEv
Hol
CEv
EAs
CEv
CEv

MSm
EAs

Hol
Hol
EAs
Hol
EAs

CEv
PSs
MSm
PSs
MSm
MSm
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Genista pilosa L. 1753

Hippocrepis emerus (L.) Lassen 1989
Laburnum anagyroides Medik. 1787
Lathyrus aphaca L. 1753

Lathyrus latifolius L. 1753

Lathyrus pratensis L. 1753

Lathyrus venetus (Mill.) Wohlf. 1892
Lotus corniculatus L. 1753

Medicago lupulina L. 1753

Melilotus officinalis (L.) Pall. 1776
Onobrychis viciifolia Scop. 1772
Robinia pseudoacacia L. 1753
Securigera elegans (Panci¢) Lassen 1989
Securigera varia (L.) Lassen 1989
Trifolium campestre Schreb. 1804
Trifolium dubium Sibth. 1794
Trifolium incarnatum L. 1753
Trifolium medium L. 1759

Trifolium montanum L. 1753
Trifolium pallidum Waldst. & Kit. 1799-1802
Trifolium pratense L. 1753

Trifolium repens L. 1753

Vicia cracca L. 1753

Vicia hirsuta (L.) Gray 1821

Vicia sativa L. 1753

Vicia sepium L. 1753

Vicia sylvatica L. 1753

Polygalaceae Hoffmanns. & Link 1809
Polygala alpestris Rchb. 1823
Polygala amara L. 1759
Oxalidaceae R. Br. 1818

Oxalis acetosella L. 1753
Staphyleaceae Martinov 1820
Staphylea pinnata L. 1753

Aceraceae Durande 1782

Acer campestre L. 1753

Acer heldreichii Orph. ex Boiss. 1856
Acer monspessulanum L. 1753

Acer opalus Mill. 1768 subsp. obtusatum
(Waldst. & Kit. ex Willd.) Gams 1925

Acer platanoides L. 1753

Acer pseudoplatanus L. 1753
Anacardiaceae R. Br. 1818
Cotinus coggygria Scop. 1771
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v-a Mi-Mes fo dec Ch suffrut caesp

a fo dec N P caesp

fo dec Mi-Mes P caesp/scap
a Mes ST herb/T scap

a Meg-Alt SH herb/H rept
a Meg H scap

a Mes-Meg H scap

a Mes H scap

a Mes T scap/H scap

a Meg-Alt H scap bienn

a Mes-Meg H scap

fo dec Mes P scap

a Mac-Alt H rept/scap

a Meg H scap

a Mes T scap

v Mes-Mac T rept/scap

a Mes-Meg T scap

a Mi-Mes H scap

a Mes H scap

a Mes T scap/H scap bienn
a Mes H scap

a Mi H rept

a Meg-Alt SH herb/H scap
a Mes-Meg ST herb/T scap
a Mes-Meg ST herb/T scap
v-a Mac-Meg SH herb/H scap
a Alt SH herb/H scap

a Mi-Mes H caesp
v-aut Mi-Mes H caesp ros

a Mi G rhiz
fo dec Mi P caesp/scap

fo dec Mes P scap
fo dec Mes P scap
fo dec Mi-Mes P scap

fo dec Mes P scap
fo dec Mes P scap
fo dec Mes P scap

fo dec Mi P caesp/scap

MSm
MSm
MSm
PSs
MSm
EAs
PSs
EAs
EAs
EAs
MSm
Adv
PSs
PSs
CEv
CEv
MSm
CEv
PSs
MSm
EAs
EAs
EAs
EAs
EAs
CEv
EAs

AAl
CEv

Hol

MSm

CEv
MSm
MSm

MSm

CEv
CEv

PSs



Geraniaceae Juss. 1789
Geranium lucidum L. 1753
Geranium macrorrhizum L. 1753
Geranium molle L. 1753
Geranium phaeum L. 1753
Geranium robertianum L. 1753
Geranium sanguineum L. 1753
Linaceae DC. ex Perleb 1818
Linum tenuifolium L. 1753
Celastraceae R. Br. 1814
Euonymus verrucosus Scop. 1771
Rhamnaceae Juss. 1789
Frangula alnus Mill. 1768

Rhamnus alpina L. 1753 subsp. fallax (Boiss.)

Maire & Petitm. 1908
Rhamnus cathartica L. 1753

Cornaceae Bercht. & J. Presl 1825

Cornus mas L. 1753
Cornus sanguinea L. 1753
Viburnaceae Raf. 1820
Viburnum lantana L. 1753
Viburnum opulus L. 1753

Sambucaceae Batsch ex Borkh. 1797

Sambucus ebulus L. 1753
Sambucus nigra L. 1753
Sambucus racemosa L. 1753
Adoxaceae E. Mey. 1839
Adoxa moschatellina L. 1753
Caprifoliaceae Juss. 1789
Lonicera caprifolium L. 1753
Lonicera xylosteum L. 1753
Valerianaceae Batsch 1802
Valeriana montana L. 1753
Valeriana officinalis L. 1753
Dipsacaceae Juss. 1789
Knautia arvensis (L.) Coult. 1823
Araliaceae Juss. 1789

Hedera helix L. 1753

Apiaceae Lindl. 1836
Aegopodium podagraria L. 1753
Astrantia major L. 1753
Athamanta turbith (L.) Brot. 1804
Carum carvi L. 1753

Daucus carota L. 1753

a Mi-Meg T scap

v-a Mes-Mac H scap ros

a Mi-Mes T scap/H scap bienn
a Mes-Meg G rhiz/H scap

a Mi-Meg T scap/H scap bienn
a Mi-Mes H rept

a Mes-Mac H scap
fo dec Mi P caesp/scap

fo dec Mi P caesp/scap
fo dec N-Mi P caesp

fo dec Mi P caesp/scap

fo dec Mi P caesp/Mi-Mes P scap
fo dec Mi P caesp

fo dec N-Mi P caesp/Mi P scap
fo dec N-Mi P caesp

a Alt G rad/H scap
fo dec Mi P caesp/Mi-Mes P scap
fo dec N-Mi P caesp/scap

v Mi G rhiz

a Alt S lig
fo dec Mi P caesp

a Mes-Mac H scap
a Meg-Alt H scap

a Mes-Meg H scap bienn
aut semp Alt S lig

a Meg-Alt G rhiz

v-a Mes-Meg H scap

a Mac H scap

v-a Mac-Meg H bienn scap
a Meg H scap/T scap

MSm
MSm
EAs
CEv
Hol
PSs

PSs
PSs

CEv
MSm
PSs

PSs
CEv

MSm
EAs

PSs
CEv
Hol

Bor

MSm
EAs

CEv
EAs

CEv
MSm
EAs
CEv
MSm

EAs
EAs
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Eryngium palmatum Panci¢ & Vis. 1870
Laserpitium siler L. 1753

Myrrhis odorata (L.) Scop. 1771

Sanicula europaea L. 1753

Torilis arvensis (Huds.) Link 1821
Campanulaceae Juss. 1789

Adenophora liliifolia (L.) A. DC. 1830
Campanula glomerata L. 1753

Campanula lingulata Waldst. & Kit. 1801
Campanula patula L. 1753

Campanula persicifolia L. 1753

Campanula secundiflora Vis. & Panci¢ 1861
Campanula rapunculoides L. 1753
Edraianthus graminifolius (L.) A. DC. 1839
Phyteuma spicatum L. 1753

Asteraceae Bercht. & J. Presl 1820

Achillea ageratifolia (Sibth. & Sm.) Benth. &
Hook. f. 1873

Achillea millefolium L. 1753

Bellis perennis L. 1753

Centaurea reichenbachii DC. 1838
Centaurea scabiosa L. 1753
Cichorium intybus L. 1753

Cyanus triumfettii (All) Dostal ex A. Love & D.

Love 1961

Doronicum columnae Ten. 1811
Erigeron acris L. 1753

Erigeron annuus (L.) Pers. 1807
Eupatorium cannabinum L. 1753
Gnaphalium uliginosum L. 1753
Hieracium murorum L. 1753
Inula britannica L. 1753

Inula ensifolia L. 1753

Inula oculus-christi L. 1753

Lactuca pancicii (Vis.) N. Kilian & Greuter 2003

Lapsana communis L. 1753

Leontodon hispidus L. 1753
Leucanthemum vulgare (Vaill.) Lam. 1779
Matricaria chamomilla L. 1753

Petasites hybridus (L.) G. Gaertn., B. Mey. &
Scherb. 1801

Pilosella officinarum Vaill. 1754
Prenanthes purpurea L. 1753

Senecio nemorensis L. 1753

Solidago virgaurea L. 1753

Tanacetum corymbosum (L.) Sch. Bip. 1844
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a Mes-Meg G rad

a Mac-Alt H scap
v-a Mac-Alt H scap
a Mes-Meg H scap
a Mes T scap

a Mac-Meg H scap

a Mes-Meg H scap

a Mes-Meg H scap bienn
a Mes-Meg H scap

v-a Mac-Meg H scap

a Mes-Alt H scap semiros
a-aut Mes-Meg H scap

a N fo dec Ch suffr pulv
a Mac-Meg H scap

v-a Mi-Mes H scap

a Meg H scap

a Mes H ros

a-aut Mes-Alt H scap
a Meg H scap

a-aut Meg-Alt H scap

a Mes-Meg H scap

v Mes-Meg H scap/G rhiz
a Mes-Meg T scap

a Mes-Meg T scap/H scap bienn
a-aut Mac-Alt H scap
a-aut Mi-Mes T scap

a Mes-Mac H scap

a Mes-Meg H scap

a Mi-Mac H scap

a Mes-Meg H scap

a Meg-Alt H scap

a Meg-Alt T scap

a Mes-Meg H ros

v-aut Mes-Meg H scap
v-aut Mes-Mac T scap

v Mes-Alt G rhiz

a Mi-Mac H ros
a-aut Mes-Alt H scap
a Mac-Alt H scap
a-aut Mi-Meg H scap
a Mac-Alt H scap

MSm
MSm
CEv
EAs
EAs

EAs
EAs
MSm
CEv
EAs
SEm
EAs
MSm
CEv

MSm

EAs
CEv
MSm
PSs
EAs

CEv

MSm
Hol
Adv
CEv
EAs
CEv
CEv
PSs
PSs

MSm
CEv
CEv
EAs
EAs

CEv

CEv
CEv
Bor
Bor
PSs



Tanacetum macrophyllum (Waldst. & Kit.) Sch.

Bip. 1844
Taraxacum officinale Weber 1780

Taraxacum serotinum (Waldst. & Kit.) Poir. 1816

Telekia speciosa (Schreb.) Baumg. 1816
Tragopogon pratensis L. 1753
Tussilago farfara L. 1753

Rubiaceae Juss. 1789

Asperula taurina L. 1753

Cruciata laevipes Opiz 1852

Galium rubrum L. 1753

Galium verum L. 1753
Gentianaceae Juss. 1789
Centaurium erythraea Ratn 1800
Gentiana asclepiadea L. 1753
Gentiana cruciata L. 1753
Gentianopsis ciliata (L.) Ma 1951
Apocynaceae Juss. 1789
Vincetoxicum hirundinaria Medik. 1790
Solanaceae Juss. 1789

Atropa belladonna L. 1753

Solanum dulcamara L. 1753
Physalis alkekengi L. 1753
Convolvulaceae Juss. 1789
Calystegia sepium (L.) R. Br. 1810
Convolvulus arvensis L. 1753
Boraginaceae Juss. 1789

Anchusa officinalis L. 1753
Lithospermum officinale L. 1753
Myosotis arvensis (L.) Hill 1764
Myosotis discolor Pers. 1798
Pulmonaria officinalis L. 1753
Symphytum tuberosum L. 1753
Oleaceae Hoffmanns. & Link 1809
Fraxinus excelsior L. 1753

Fraxinus ornus L. 1753

Syringa vulgaris L. 1753
Scrophulariaceae Juss. 1789
Chaenorhinum minus (L.) Lange 1870
Digitalis ferruginea L. 1753
Digitalis grandiflora Mill. 1768
Digitalis laevigata Waldst. & Kit. 1804
Linaria vulgaris Mill. 1768
Melampyrum nemorosum L. 1753
Rhinanthus minor L. 1756

a Alt H scap

v-aut Mes H ros
a-aut Mi-Mes H ros
a-aut Meg-Alt H scap
a Meg H scap

v Mi-Mes G rhiz

a Mes-Meg H scap
v-a Mes-Mac H scap
a Mes-Mac H scap
a Mes-Meg H scap

a Mi-Mes H bienn/T scap
a-aut Mes-Meg H scap

a Mes-Meg G rad

a-aut Mi-Mes H bienn scap

a Mes-Meg H scap

a Meg-Alt H scap
a Meg-Alt S lig
v-a Mes-Meg H scap

a Alt rhiz SG herb
a Alt rhiz SG herb

a Meg H scap bienn
v-a Mac-Meg H scap
a Mes H scap bienn
v-a Mi-Mes T scap
v Mi-Meg H scap

a Mi-Meg G tub

fo dec Mes P scap
fo dec Mi-Mes P scap
fo dec Mi P caesp

a-aut Mi-Mes T scap

a Mes-Alt H ros

a Mes-Alt H ros

a Mac-Alt H ros

a-aut Mes-Meg H scap

a-aut Mes-Mac dec ep Semipar T scap
a Mi-Mes dec ep Semipar T scap

MSm

EAs
PSs
MSm
EAs
EAs

PSs
CEv
MSm
EAs

CEv
CEv
EAs
CEv

PSs

CEv
EAs
PSs

EAs
Cos

CEv
EAs
EAs
CEv
CEv
PSs

CEv
MSm
MSm

CEv
MSm
CEv
MSm
CEv
EAs
CEv
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Scrophularia nodosa L. 1753
Veronica anagallis-aquatica L. 1753
Veronica austriaca L. 1759
Veronica beccabunga L. 1753
Veronica chamaedrys L. 1753
Veronica officinalis L. 1753
Veronica urticifolia Jacq. 1773
Gesneriaceae Rich. & Juss. 1816
Ramonda serbica Panci¢ 1874
Plantaginaceae Juss. 1789
Plantago lanceolata L. 1753
Plantago major L. 1753

Plantago media L. 1753
Verbenaceae J. St.-Hil. 1805
Verbena officinalis L. 1753
Lamiaceae Martinov 1820
Ajuga genevensis L. 1753

Ajuga reptans L. 1753

Ballota nigra L. 1753

Clinopodium alpinum (L.) Kuntze 1891
Clinopodium grandiflorum (L.) Kuntze 1891
Clinopodium nepeta (L.) Kuntze 1891 subsp.

glandulosum (Req.) Govaerts 1999
Clinopodium vulgare L. 1753
Lamium galeobdolon (L.) L. 1759
Lamium garganicum L. 1763
Melissa officinalis L. 1753
Mentha longifolia (L.) L. 1756
Origanum vulgare L. 1753
Prunella laciniata (L.) L. 1763
Prunella vulgaris L. 1753

Salvia glutinosa L. 1753

Salvia verticillata L. 1753
Scutellaria altissima L. 1753
Stachys germanica L. 1753
Stachys officinalis (L.) Trevis. 1842
Stachys recta L. 1767

Stachys sylvatica L. 1753
Teucrium chamaedrys L. 1753
Thymus odoratissimus Mill. 1768
Thymus serpyllum L. 1753
Liliopsida Batsch 1802
Trilliaceae Chevall. 1827

Paris quadrifolia L. 1753
Colchicaceae DC. 1804
Colchicum autumnale L. 1753
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a Meg-Alt H scap
v-aut Mes-Meg H scap
a Mi-Meg H scap

a Mes-Meg H rept

v-a Mi-Mes H scap

a Mes H rept

a Mes-Mac H scap

v-a Mi poik H ros

a Mi-Meg H ros
a Mes-Meg H ros
a Mes-Meg H ros

a Mes-Meg H scap

a Mi-Mes H semiros

a Mes H rept

a Meg H scap

a Mes-Mac H scap
a-aut Mes-Mac H scap

v-aut Mes-Mag H scap/fo dec Ch
suffr caesp

a Mes-Meg H scap

v-a Mes-Meg H scap

v-a Mes-Meg H scap

a Mi-Meg H scap

a Mes-Meg H scap

a Mes-Meg H scap

a Mi-Mes H scap

a Mi-Mes H scap semiros
a-aut Mac-Meg H scap

a Mes-Meg H scap

a-aut Mac-Meg H scap

a Meg H scap

aut Meg H scap

a Mes-Meg H scap

a Mes-Meg H scap

v-a Mes-Mac fo dec Ch suffr rept
a Mi-Mes fo dec Ch suffr rept
v-aut Mi fo dec Ch suffr rept

a Mes-Meg G rhiz

aut Mi-Mes G bulb

EAs
Hol
PSs
EAs
CEv
Bor
CEv

MSm

EAs
EAs
EAs

Cos

EAs
CEv

PSs
MSm
MSm

PSs

Hol
CEv
MSm
MSm
CEv
EAs
PSs
EAs
CEv
PSs
PSs
PSs
CEv
PSs
CEv
PSs
PSs
CEv

Bor

CEv



Liliaceae Juss. 1789

Erythronium dens-canis L. 1753 v Mi-Mes G bulb MSm
Lilium martagon L. 1753 a Meg-Alt G bulb EAs
Orchidaceae Juss. 1789

gnﬁwgltlzjsr:ci};&@.) R.M.Bateman, Pridgeon v-a Mi-Mac G tub CEv
Cephalanthera damasonium (Mill.) Druce 1906  v-a Mes-Mac G rhiz CEv
Cephalanthera rubra (L.) Rich 1817 v-a Mes-Meg G rhiz CEv
Dactylorhiza maculata (L.) So6 1962 a Mes-Meg G tub EAs
Neottia nidus-avis (L.) Rich. 1817 v Mes-Mac Sapr G tub CEv
Orchis purpurea Huds. 1762 v-a Mac-Meg G tub MSm
Platanthera bifolia (L.) Rich. 1817 v-a Mes-Mac G tub EAs
Hyacinthaceae Batsch ex Borkh. 1797

Ornithogalum pyrenaicum L. 1753 v Mes G bulb MSm
Scilla bifolia L. 1753 a Mi-Mes G bulb MSm
Alliaceae Borkh. 1797

Allium carinatum L. 1753 a Mes-Meg G bulb MSm
Allium ursinum L. 1753 v Mes-Mac G bulb CEv
Convallariaceae Horan. 1834

Convallaria majalis L. 1753 v Mes G rhiz scap Hol

Polygonatum odoratum (Mill.) Druce 1906 a Mes-Meg G rhiz EAs

Dioscoreaceae R. Br. 1810

Dioscorea communis (L.) Caddick & Wilkin 2002 v Alt SG herb rhiz MSm
Juncaceae Juss. 1789

Luzula sylvatica (Huds.) Gaudin 1811 a Meg-Alt H caesp CEv
Cyperaceae Juss. 1789

Carex vulpina L. 1753 v-a Mac-Meg H caesp EAs

Poaceae Barnhart 1895

Briza media L. 1753 a Meg H caesp EAs

Dactylis glomerata L. 1753 a Meg H caesp EAs

Hordeum murinum L. 1753 v-a Mes T caesp MSm
Poa bulbosa L. 1753 a Mes-Meg H caesp EAs

Poa trivialis L. 1753 a Mes-Meg H caesp EAs

Sesleria caerulea (L.) Ard. 1764 v-a Mi-Mac H caesp CEv
Stipa capillata L. 1762 a Mac-Meg H caesp PSs

Legend: Life form: a — summerly, ac — needle-leaved, alt — tall, aut — autumnal, bienn —
biannual, bulb — bulbous, caesp — caespitose, Ch — Chamaephytes, dec — deciduous, fo
— foliose, frut — fruticose, G — Geophytes, H — Hemicryptophytes, herb — herbaceous, lig
— ligneous, Mac (Macro) — big/tall/long, Meg (Mega) — big, large, Mes (Meso) — inter-
mediate, Mi (Micro) — small/low, N (nano) — dwarf, P — Phanerophytes, poik — poikilo-
hydrous, pulv — pulvinate, rad — root-bud plant, rept — reptant, rhiz — rhizomatous, ros —
rosulate, S — Scandentophytes, Sapr — Saprophytes, scap — scapose, Semipar — Semipa-
rasitophytes, semiros — semirosulate, semp — evergreen, suffr — suffruticose, succ — suc-
culent, T — therophytes, tub — tuberous, v — vernal; Areal type: AAl — Arcto-Alpian, Adv
— Adventitious, Bor — Boreal, CEv — Central European, Cos — Cosmopolitan, EAs — Euroa-
sian, Hol — Holarctic, MSm — Mediterranean-Submediterranean, PSs — Pontic-South Sibe-
rian, SEm — South European mountain
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Taxonomic analysis

Recorded plant taxa were classified into 224 species, 77 families, five
classes and four phyla. Phylum Equisetophyta was represented by only two
species (0.58%), while Polypodiophyta, represented by one class (Polypodiopsida),
contained four families and five genera with eight species (2.32%). Phylum
Pinophyta included equally small number of species — two families, four genera
and five species (1.45%). With 330 taxa at the species and subspecies 1evel or 95.7%
of the total number of taxa, phylum Magnoliophyta absolutely dominated. With-
in this phylum, class Magnoliopsida was represented by 303 taxa at the species
and subspecies level (87.8%), grouped into 59 families, 190 genera and 27 species,
whereas class Liliopsida (7.83%) encompassed 11 families and 24 genera.

Families with the largest number of genera were Asteraceae (26), Fabaceae
(17), Rosaceae (15), Lamiaceae (13) and Apiaceae (10). All other families had
less than ten genera, with absolute domination of families with only one, 42
of them, or two genera (17). Families with the largest number of species were
Asteraceae (33), Fabaceae (33), Rosaceae (26), Lamiaceae (24), Ranunculaceae
(15), Scrophulariaceae (14), Apiaceae (10), Brassicaeae (10), Campanulaceae
(9) and Caryophyllaceae (8). This taxonomic structure significantly corresponds
to flora of Serbia. A large number of species belonging to families Ranuncu-
laceae, Brassicaceae and Apiaceae indicates strong Central European and
Eurasian influences, while Mediterranean impact could be attributed to fam-
ilies Caryophyllaceae, Fabaceae and Lamiaceae [Stevanovic et al., 1995]. Eight
of ten families that dominate in Serbia were also the most numerous in Pro-
metanj, but with a slightly different representation. Families Campanulaceae
and Rosaceae had a somewhat higher representation at the Prometanj site, while
the families Liliaceae and Poaceae had a much smaller number of species than
it is the case with the Flora of Serbia [Stevanovi¢ et al., 1995].

The most species-rich genus was Trifolium (8), followed by four genera
(Acer, Campanula, Geranium and Veronica) with six species and seven (4sp-
lenium, Clinopodium, Epilobium, Lathyrus, Potentilla, Rosa and Stachys) with
four species. Most of these are among the species-richest genera in the taxo-
nomic spectrum of the Flora of Serbia [Stevanovic et al., 1995]. Genera Trifo-
lium, Ranunculus and Vicia, widespread in the Holarctic and Campanula which
is Mediterranean genus in a broader sense [Stevanovi¢ et al., 1995], indicate
transitional character of the research area and importance of its geographical
position in terms of phytogeography. When it comes to the number of species,
the presence of a large number of Acer species, the genus which is not in the
first twenty of the Serbian flora, is very interesting. However, given that Pro-
metanj is almost entirely a woodland locality and taking into consideration its
biogeographic characteristics, this data was expected.

Phytogeographical analysis

Floral elements of the analyzed plant taxa were grouped into ten areal types
(Figure 2). Central European areal type with 93 species (27%) was the most
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abundant in the investigated site. This areal type is typical for montane and
subalpine regions in which various types of deciduous forests grow [Gaji¢ 1984].
Given that the research site is largely covered with beech and beech-coniferous
forests at higher altitude, and polydominant deciduous forests in lower areas,
such large contribution of this areal type is not surprising. Proportion of Eurasian
species is equally large (27%). Eurasian, Holarctic (7%) and cosmopolitan (2%)
species together make about 36% of all vascular plant species of the investi-
gated locality. Despite of forest dominance in the investigated area, these spe-
cies can survive in various types of habitats, fragmentary occur in the form of
rocky areas, mountain meadows, ruderal and arable land.

SEm
0.5%

P5s

CEv
27%

EAs
27%

Figure 2. Areal types spectrum of the flora of the Prometanj site

Legend: AAl — Arcto-Alpian, Adv — Adventitious, Bor — Boreal, CEv — Central European, Cos —
Cosmopolitan, EAs — Euroasian, Hol — Holarctic, MSm — Mediterranean-Submediterranean, PSs
— Pontic-South Siberian, SEm — South European mountain

Mediterranean-Submediterranean areal type, with 71 species (20%) is the
third most abundant type. Refugial character of the Ibar River gorge, with tem-
perate continental climate, warmer summers and colder winters, as well the pres-
ence of xerophilic rocky areas, enable the growth of these species. Pontic-South
Siberian areal type, represented by 41 species (12%), also occurres in the rocky
areas. Among them, the most dominant are those with Subpontic and Pontic-
-Submediterranean floral elements. They live in habitats similar to those of
Submediterranean species of Mediterranean-Submediterranean areal type.

A small percentage of Boreal (3%), Arcto-Alpian (1%) and South European
mountain (0.5%) species was expected, due to the limited presence of suitable
habitats acceptable for species of northern and high mountain regions, such as
peaks and isolated stone blocks on a higher terrain. Adventitious areal type
was represented by only three species (1%), which indicates naturalness and
good conditions in this locality, regardless of the strong human activity present
in this area.
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The presence of 16 tertiary relicts was registered (Adenophora liliifolia,
Asarum europaeum, Isopyrum thalictroides, Ostrya carpinifolia, Juglans regia,
Staphylea pinnata, Syringa vulgaris, Cotinus coggygria, Aremonia agrimonoides,
Acer opalus subsp. obtusatum, A. heldreichii, Hedera helix, Ramonda serbica,
Rhamnus alpina subsp. fallax, Campanula secundiflora, and Erythronium
dens-canis). Domination of forest habitats is suitable for tertiary relicts [Ste-
vanovi¢ 1995], but on the other hand a relatively large uniformity of habitats
resulted in a small number of endemics. Only four Balkan endemic species
(Eryngium palmatum, Campanula secundiflora, Ramonda serbica, Achillea
ageratifolia) and two subendemic species (Lamium garganicum, Edraianthus
graminifolius) have been registered so far.

Biological spectrum

The biological spectrum of the Prometanj site is characterized by seven
life forms (Figure 3). Flora of the studied locality has hemicryptophytic character
with contribution of 46.8% in the biological spectrum. If we compare biological
spectrums of the Prometanj and Serbia [Dikli¢ 1984], it is evident that most life
forms contribute similarly. There is a difference in the percent of phanerophytes,
abundantly present in Prometanj (19%) compared to Serbia (2.5%). This dis-
proportion is caused by the predominance of forest ecosystems in the research
site, whereby the increase in the number of phanerophytes was followed by the
reduction of therophytes. The biological spectrum of the flora of Serbia was

11%

T _-

B% Sapr/Semipar
1%

Figure 3. Biological spectrum of the flora of the Prometan; site

Legend: Ch — Chamaephytes, G — Geophytes, H — Hemicryptophytes, P — Phanerophytes,
S — Scandetophytes, Sapr/ Semipar — Saprophytes/Semiparasitophytes, T — therophytes

68



characterized by 18.5% of therophytes, while on the study site they comprise
only 8%. This number can be slightly increased if annual herbaceous scanden-
tophytic (4%), saprophytic and semiparasitic (1%) plants are also taken into
consideration. Species that by their other environmental and biological charac-
teristics belong to geophytes, therophytes or hemikryptophytes were registered
among scandentophytes. Given that the study area did not include aquatic
habitats, hydrophytes were not registered.

Threatened status

Five strictly protected species (Acer heldreichii, Campanula secundiflora,
Dactylorhiza maculata, Laburnum anagyroides, and Ramonda serbica) and
57 protected species [Anonymous 2010a] were registered. Also, many pro-
tected species, 43 of them, are listed in the Directive on Control of Use and
Trade of Wild Plant and Animal Species [Anonymous 2010b]. Prometanj is the
only remaining locality for tertiary species Adenophora liliifolia [Stevanovi¢
and Lakusi¢ 1999] in the territory of Serbia.

CONCLUSION

In the past 100 years Prokletije massif has been subject of more or less
intensive floristic and vegetation researches. Whether because of extraordinary
botanical wealth or impressive geomorphological and geographical character-
istics, these studies were oriented towards the high mountainous areas of Pro-
kletije peaks. From that point of view, studies of specific marginal areas, which
at the first sight seem of minor botanical interest, have been sidelined. Among
those areas certainly were Mokra gora Mt. and the upper stream of the Ibar River,
so the results of our research are a contribution to the floristic researches of such
areas. On a very small area and during only one year of research, 345 taxa of
vascular flora at the level of species and subspecies were registered in Prome-
tanj. Phytogeographical analysis and analysis of biological spectrum, with a
large number of Mediterranean-Submediterranean species and domination of
hemicryptophytes, show the importance of this study area as a connection
between the Mediterranean, whose influence through the gorges of the Southern
Dinarides and Pindos Mt. reaches Mokra gora Mt., and the inner, continental
areas whose impact is reflected in a large number of species, primarily of the
Eurasian and Central European areal types. In addition, significant presence of
Subpontic and Pontic-Submediterranean elements connect this area with the
steppe areas of the Kosovo-Metohija valley. For consideration of the overall
picture, floristic research of Prometanj should be extended to the entire Mokra
gora Mt. with the Ibar River gorge, which will undoubtedly lead to some
changes in the results presented in terms of number of species and ecological
and phytogeographical characteristics of flora.
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BACKVYIJIAPHA ®JIOPA JIOKAJIUTETA ITPOMETAB
(MOKPA T'OPA, CEBEPHE ITPOKJIETHUJE)

Bopuc B. PAJIAK', Bojana C. BOKUR', Hycper ®. ITIPEJbEBUR?, Mununa M. PAT!,
Byphuna B. JAILUR!, Jenena M. KHEXXEBU'R!, Topan T. AHAUKOB!

" Vuugepsurer y Hosom Casy, IIpuposiHo-MaTeMaTuuku GaKynTer,
JemapTmaH 3a OHOJIOTH]Y U €KOJIOTH]Y,
Tpr Jocuteja O6pamosuha 2, 21000 Hosu Cax, Cpbuja
lpxasuu yHuBep3utet y Hopom ITasapy, JlenapTMan 3a GHOMeMIIMHCKE HAyKe,
Byxa Kapanyuha 66, 36300 Hosu I1azap, Cpbuja

PE3UME: Tokowm 2011. rojuiHe cripoBesieHa Cy GpIOPHCTHYKA UCTPaKUBAbA JI0-
kanuteTa [I[pomeram, ceBepo3amnaaHor jaena Mokpe rope y3 aecHy odany Mopa. YTep-
heno je mpucycTBo 345 OUIBHUX TaKCOHA, 0J] yera je 340 Ha HMBOY BPCTE U MET HA
HUBOY moaBpcre. Y BackynapHoj Guopu [Ipomerama, hamunuje ca Hajpehum Opojem
Bpcra cy Asteraceae, Fabaceae, Rosaceae, Lamiaceae, Ranunculaceae, a pogosu Trifolium,
Acer, Campanula, Geranium, Veronica, Ranunculus v Vicia. ®nopHu eeMeHTH aHATTN3H-
paHuX OMJBHUX TAKCOHA TPYITUCAHU CY Y JIECET apeajl TUIIOBA Ca JIOMUHAIIM]OM CPEIlHhe-
€BPOIICKOT M €BPOA3HjCKOT, Ka0 M 3HAYajHUM yueltheM MeTUTepaHCKO-CyOMeTUTEPaHCKOT.
Buornomku criektap kapakTepuiile JOMUHaIMja XeMukpurnroputa. Ha ncrpaxxuanom
MOZIPYy4jy PErUCTPOBAHO je reT cTporo 3amTrhennx u 43 3amruhene Bpcre. [Ipomeram
MIPEICTaBIba JeMUHU ITPEOCTAIIN JIOKAIUTET Ha oapy4jy CpOuje 3a TepiujapHy BpCTy
Adenophora liliifolia. ®nopuctnyka ncTpaknBama JokanuTeTa [ [pomeram Tpeda mpo-
IIMPUTH HAa YUTaBy MOKpy Topy ca kiucypoM MOpa paau carienaBama ejI0KyTHOT
(hmopucTHYKOT 60TaTCTBAa OBE OOJIACTH.

KJbYUHE PEUU: cniekTap apean Tumosa, ouosomniku crekrap, [I[pomerat, [Tpo-
KJIETHje, BacKynapHa (iopa
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POLLEN MORPHOLOGY OF THE BALKAN-CARPATHIAN
ENDEMIC Campanula lingulata Waldst. & Kit.
(Campanulaceae)

ABSTRACT: Palynomorphological characteristics of Campanula lingulata, the Balkan-
-Carpathian endemic species growing in Serbia, have been investigated using light microscopy
and scanning electron microscopy for the first time, in order to provide some information
helpful for a better understanding of the taxonomic position of this species within the genus,
as well as to contribute to the pollen atlas of Serbian apiflora. The pollen grains are radially
symmetrical, isopolar, 3-zonoporate and medium-sized monads oblate-sphaeroidal in shape.
Mean of the polar axis (P) is 27.6+1.9 um, while the average length of the equatorial axis (E)
is 28.841.6 um. The apertures are operculate. The sculpturing pattern of the exine is microre-
ticulate—microechinatae. The exine surface is covered with evenly distributed supratectal spinules
of variable length and sparse granules. The longest supratectal spinules are 0.64+0.05 pm
in length and the smallest sculptural elements are less than 0.2 pm high. The microechinae
density per sample area of 5 pm x 5 um averages 17.4+2 4.

KEYWORDS: pollen morphology, Campanula lingulata

INTRODUCTION

Genus Campanula (Campanulaceae), comprising about 420 species world-
wide, is distributed almost throughout the temperate regions of the Northern
Hemisphere, with the greatest diversity in the Mediterranean region, whereby
the distribution area extends to the Caucasus [Lammers 2007; Khansari 2012].
Centers of endemism are found in the Eastern Mediterranean, the Balkan
Peninsula, the Caucasus and Turkey [Borsch et al., 2009]. Twenty-eight species
of Campanula occur in the Serbian flora inhabiting various habitats such as
calcareous grassy and stony places, roadsides, field margins and woodland

* Corresponding author E-mail: marmajo@agrif.bg.ac.rs
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edges, from dry rocky slopes of river gorges to meadows and pastures at high
altitudes in hilly and mountain areas [Obradovi¢ 1974].

Campanula lingulata Waldst. & Kit. (section Campanula; Campanulaceae)
is the Balkan-Carpathian endemic species [Skondri¢ et al., 2014], which grows
in Serbia most commonly in gorges, on rocky slopes exposed to the sun, in some
sunlit shrubby habitats, and eroded terrains. For the purpose of the present
study, plant specimens were collected in the gorge of the Tis$nica River located
in eastern Serbia. This locality was found to be very interesting from the aspect
of biodiversity and the presence of relic and endemic species [Gaji¢ 1985].
C. lingulata is categorized as protected in Serbia (Official Gazette of the Re-
public of Serbia, No. 35/10).

The earliest extensive palynological studies of the family Campanulaceae
were carried out by Erdtman [1952, 1969] and Chapman [1967]. Avetisjan [1967,
1973] studied pollen morphology of this and closely related families from the
aspect of taxonomy and phylogeny and also discussed an evolutionary trend in
the development of apertures within Armenian Campanulales. The palynomor-
phological studies of different Campanulaceae species were conducted in India
[Sahay 1969], Pakistan [Perveen and Qaiser 1999], and Turkey [Inceoglu 1975,
1976; Oybak and Pinar 1995; Ocak 2003; Akgicek et al., 2005; Erkara et al., 2008;
Alg:itepe 2012]. In Iran, Variability and possible systematic implication of various
palynomorphological characters of Campanula and allied genera were examined
by Khansari et al. [2012]. Detailed palynomorphological researches on Campanu-
laceae, focusing on the surface ultrastructure using scanning and transmission
electron microscopy, were performed by Dunbar [1973, 1975a,b, 1981, 1984].

Given that there are no previous reports dealing with the pollen morphology
of C. lingulata, the present study represents an integral part of the extensive
palynological studies, aiming at possibly providing some new information, which
would be helpful for assessing the taxonomic position of this Balkan-Carpathian
endemic species within the genus, as well as to contribute to the pollen atlas
of Serbian apiflora.

MATERIALS AND METHODS

Research area. Plant specimens were found in the chasmophytic vegeta-
tion of the TiSnica River gorge located in temperate-continental climate area of
eastern Serbia (Figure 1). Specific orography of the gorge also modifies local
hygro-thermal conditions [Misi¢ 1981]. These modifications involve the forma-
tion of a strong thermal gradient in a small area, increase of relative humidity,
frequent formation of haze, and attenuation of hygro-thermal extremes. Such
climate conditions enabled protection and development of endemo-relict plants.

Study species. C. lingulata was recorded at the forest edges, in the shrub
vegetation zone, as well as on a south-facing rocky slope of the gorge exposed
to the sun, growing at the altitude of 450-500 m. The flower specimens of
C. lingulata and data on the distribution and flowering phenology were col-
lected during the vegetation period of 2013. Pollen material was obtained from
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the flowers at full flowering stage from 10 plants of wild populations. Flora
of Serbia [Obradovi¢ 1974] was used for species identification and the voucher
specimens were dep0s1ted in the herbarium of the Institute for Biological Re-
search “SiniSa Stankovi¢” in Belgrade.

During the flowering period (May—June) plants produce an inflorescence
in terminal dense few-flowered heads. The pollen-collecting hairs are present
on the style of protandrous flowers and on the distal surface of the stigmatic
lobes. Hairs serve as a secondary pollen presentation mechanism, facilitating the
transfer of pollen from the flower to insect pollinators while seeking nectar
produced by floral nectaries at the top of the ovary [Nyman 1993].

Light and scanning electron microscopy. The pollen morphology of C.
lingulata was examined by both light microscopy (LM) and scanning electron
microscopy (SEM). For LM study, the pollen grains from mature anthers,
prepared according to the standard acetolysis method (Erdtman 1952), were
mounted in glycerine jelly and observed with a Leica DMSL microscope
equipped with a digital camera (Leica DC 300) and Leica IM1000 software.
The number of pores was determined and exine thickness was measured under
LM. For SEM study the samples were mounted directly on metallic stubs using
double sided adhesive tape and coated with gold (in BAL-TEC SCD 005 Sput-
ter Coater, 100 seconds in 30 mA) in a sputtering chamber. The tectal sculp-
tural elements and the aperture characteristics were examined using JEOL
JSM-6390 LV electron microscope at an acceleration voltage of 20 kV. SEM
micrographs were used mainly for studing the shape and size of grains, the
length of polar (P) and equatorial axis (E), number, position and diameter of
pores and the interporal distance, as well as for getting more detailed informa-
tion on the ornamentation referring to ground sculpture and spinule size and
density. The pollen grains were photographed in polar and equatorial views,
and observations and measurements were performed on a sample of 50 grains
for each morphological character. The terminology used for pollen description
is in accordance with Erdtman [1952] and Punt et al. [2007].

RESULTS

The pollen morphological features of the species examined are shown in
Figure 2. a-g. The pollen grains of C. lingulata are shed as monads and are
radially symmetrical and isopolar. The aperture type is 3-zonoporate. Equa-
torially distributed round operculate pores average 4.9+0.4 um in diameter.
The mean distance between two pores is 21.6+0.2 pum. The average operculum
height is 2.1+0.05 um and it had a rough, non-ornamented surface. The grains
are medium-sized. Mean of the polar axis length (P) is 27.6£1.9 um, while the
length of the equatorial axis (E) averages 28,8+1.6 um. The average P/E ratio
(shape index) is 0.96+0.04, which defines the shape as oblate-sphaeroidal. In
LM analyses, the outline is circular in the polar view and elliptic in the equa-
torial view (Figure 2. a—d). The mean exine thickness apart from microechini
as measured under light microscopy is 0.9+0.1 pm.
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The sculpturing pattern of exine is microreticulate-microechinate. SEM
micrographs reveal clearly visible microreticulate ground sculpture of the exine
covered with predominant supratectal spinules of variable size and sparse
granules, more or less evenly distributed (Figure 2. g). Supratectal spinules are
smooth and obtuse but sometimes with curved apices. The longest supratectal
spinules are 0.64+0.05 pm in length and the smallest sculptural elements are less
than 0.2 um high. The microechinae density (spinules of all sizes) per sample
area of 5 um x 5 um is in average 17.4+2.4.

DISCUSSION

The results of the present study, regarding the basic palynomorphological
characteristics such as polarity, symmetry, size, shape, ornamentation and aper-
tures, are completely or partially in accordance with previous palynomorpho-
logical investigations of some Campanula species [Nowicke et al., 1992; Erkara
et al., 2008; Khansari et al., 2012]. The most common shape of pollen grains
in Campanuloideae was reported as oblate-spheroidal [Dunbar 1975a; Erkara
et al., 2008]. However, in subfamilies Lobelioideae [Price and Ayers 2008] and
Cyphioideae the prolate shape type is present [Dunbar 1975b]. According to
Erkara et al. [2008], who presented detailed palynomorphological features of
12 Turkish Campanula taxa, pollen grains are triporate (and/or tetraporate)
and more or less oblato-sphaeroidal, which agrees with the current study. The
oblato-sphaeroidal shape of pollen grains found in C. lingulata, as well as in
the majority of Campanula species analyzed previously, is confirmed by the
shape index (P/E) which is a constant feature for this and other studied Cam-
panulaceae genera [Erkara 2008; Khansari ef al., 2012]. As pointed out else-
where [Khansari ef al., 2012], the shape character within this family is not
enough variable to provide a reliable feature for diagnosing supraspecific taxa
at any level. The shape index for the majority of previously investigated taxa
ranged from 0.92 to 0.97 [Erkara et al., 2008], or from 0.88 to 0.99 [Khansari
et al., 2012] being slightly over 1.00 only in three species (C. patula, C. phycti-
docalyx, C. humilima). Among 47 taxa examined by the latter authors, larger
pollen grains (E > 40 um) were recorded in five taxa of Asyneuma and six taxa
of Campanula. In the latter study, the pollen grain size of C. kermanica (P-
27.8441.93 um; E- 29.40+1.78 um) are mostly in accordance with polar and
equatorial axis measurements in C. lingulata.

The ornamentation in Campanuloideae is basically defined as rugulate-
echinate or according to another terminology as rugulate-spinulose/verrucose
[Dunbar 1975a; Perveen and Qaiser 1999]. According to Erkara et al. [2008]
characterized the exine sculpture of 12 examined Turkish taxa of Campanula
was described as granulate-scabrate or rugulate-scabrate and microechinate,
whereas Khansari et al. [2012] reported that most of 47 analyzed taxa of Cam-
panulaceae including 35 taxa of Campanula is characterized by rugulate-echinate
or rugulate-microechinate type of ornamentation. Concerning this, the findings
of the current study related to microreticulate and microechinate sculpturing
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pattern of C. lingulata are more in accordance with those of Khansari ez al. [2012].
Moreover, they completely correspond to those of Nowicke ez al. [1992], who
defined microreticulate tectum in C. americana, a species native to eastern
and central North America.

The present results pertaining to the sculptural represented by spinules
are in agreement with those reported by Perveen and Qaiser [1999] and Khan-
sari et al. [2012], but appear contradict previous results of Inceoglu [1975, 1976],
who referred granulate sculpturing pattern. According to Khansari et al. [2012],
the most valuable palynomorphological characters for subgeneric classification
of Campanula are the size and density of echinae. According to the mentioned
authors, the taxa in sect. Campanula are characterized by have the longest
echinae of all analyzed species (1.00-2.10 pm) but distributed with low density
(3-7/25 um?). Authors also found that the increase in the number of echini per
unit area (5 pm x 5 pm) causes the reduction of their length. Thus, for example,
C. sclerotricha has the lowest echini density (2 per unit area) of the maximum
length (2.10 um), and in C. erinus the situation is reversed (65; 0.1 um). Also, in
C. incanescens and C. strigosa was determined the same number of echini (17)
per sample area (5 um x 5 um) as in C. lingulata. The microechine length in
C. lingulata corresponds to those found in C. lamondiae and C. lourica defined
by Khansari et al. [2012].

It has been reported that some aperture features and exine structures are
among the essential criteria for determination of the phylogenetic relationships
of Campanula species [Kuprianova 1967; Cronquist 1968; Walker 1974a,b;
Takhtajan 1980]. Based on earlier studies [Dunbar 1984], all three major aperture
types in Campanulaceae exist: colpate, colporate and porate and the basic
number of apertures is three. According to Nowicke et al. [1992], only five
species of Campanula have pantoporate polen grains (C. americana, C. cali-
fornica, C. exigua, C. griffinii and C. sharsmithiae) and all other species ex-
amined have 3—4(7) pores distributed equidistantly and equatorially. However,
their research revealed that in some cases, pores are unevenly distributed like
in zonoporate grains of C. angustifolia, or they are not always uniform in size
or distribution as in the pantoporate grains of C. californica. The results of the
present study related to type, number and position of apertures corresponds to
those of some Turkish Campanula species studied by Erkara ez al. [2008], or some
Iranian species examined by Khansari ef al. [2012], who reported that all
studied members of sect. Rupestres (Boiss.) possessed triporate pollen grains,
while in sect. Campanula apart from triporate (C. bononiensis and C. latifolia),
tetra- to pentaporate grains (C. rapunculoides and C. trachelium) also occurred.
The latter authors pointed out that, since pore number can be variable even among
different individuals of certain species, it was not a reliable character for infra-
generic classification of Campanula and its allies.

The similarity of the pollen morphology between C. lzngulata the Balkan-
-Carpathian endemic species growing in Serbia, and C. americana, the American
endemic, in terms of ground sculpture of the exine, and on the other hand, some
European and Asian Campanula species in terms of the type and number of
apertures, indicates that from palynological standpoint, the taxonomic status

79



of the species examined might be reconsidered. The present study represents
a significant contribution to the pollen atlas of Serbian apiflora, providing
valuable palynological information useful in the upcoming taxonomic inves-
tigations of Campanula and allied genera.
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Figure 1. Map of Serbia showing the study area
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Figure 2. 3-zonoporate pollen grains of Campanula lingulata:
a-d) Light photomicrographs: a) general view; b) polar view in the meridional optical
section; ¢) equatorial view; d) surface view.
e-g) Scanning electron photomicrographs: e) general view showing oblate-spheroidal
pollen with porate apertures placed equidistant on the equator of the grains;
f) equatorial view of pollen grain possessing sparse granules and supratectal spinules
on exine surface; g) detail of exine surface showing microreticulate ground pattern
of exine and circular pore covered with operculum.
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MOP®OJIOI' MJA TIOJIEHA BAJIKAHCKO-KAPITATCKOI' EHAEMUTA
Campanula lingulata WALDST. & KIT. (Campanulaceae)

Mapuna I1. MAYYKAHOBU'R JOLJUR' |, Cuexcana B. JAPUR’

! Vuupepsurer y beorpany, [lossonpuspennu Gakynrer,
Hemammuna 6, 11080 3emyn, beorpan, Cpouja
2 VHUBEP3UTET y Beorpaz[y, WHCTUTYT 32 OHOJIOIIKA HCTPAXKUBAHA
,,Cunuma Crankosuh”,
Bynesap necriota Credana 142, 11060 beorpan, Cpbuja

PE3UME: ITanunomopdornomke kapakrepuctuke Campanula lingulata, 6ankan-
CKO-KapIlaTCKe eHJIeMUYHE BPCTE IPOyUeHe cy y3 oMoh CBEeTJIOCHE U ckeHHpajyhe ernek-
TPOHCKE MUKPOCKOIIH]je, y LIMJbY 00JbET pa3yMeBamba TAKCOHOMCKE ITO3UIU]€ BPCTE
yHyTap poja, Kao ¥ JOIpHHOca atiiacy nojieHa anuduope Cpouje. [loneHnosa 3pHa cy
Cpe/iibe BETMYNHE, 00J1aTHO-c(hepOUTHOT O0IHKA, paJINjaTHO CHMETPUYHA, U30TI0Iap-
Ha 1 3-30HomoparHa. Ha nopama ce youasa onepkyiyMm. IIpocedna 1yuHa mojapHe
oce (P) mznocn 27,6+1,9 pm, a exsaropujaine (E) 28,8+1,6 um. [lospiunna TekTyma je
MHUKPOPETUKYJIATHA Ca MUKPOEXHUHATHOM OpHamMeHTanujoM. [loBpiHa ersuse je npe-
KpHBEHa paBHOMEPHO pacnopel)eHuM cynpareKTalHIM CIHHYJIaMa BapujaOuITHe 1y KHU-
He, Kao M peTKUM rpanyiama. Hajunyxu cynparektannu enemertu nzHoce 0,64+0,05 pm,
a Ha]KpahH cy nyxwune 10 0,2 um. bpoj MUKpOeXHUHA 0 jeIUHULIHA TTOBPIIHHE 5 pm x
5 um uzHocu 17,442 4.

KJbYUHE PEUU: Mopouoruja nonena, Campanula lingulata
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PHYSIOLOGICAL AND CHEMICAL CHARACTERISTICS
OF SAFFLOWER (Carthamus tinctorius L.) GROWN IN
THE PRESENCE OF LOW SALT CONCENTRATIONS

ABSTRACT: Safflower (Carthamus tinctorius L.) is highly regarded in the world as
an aromatic, spicy, medicinal and oilseed crop, which can be used in all kinds of industries.
It inhabits arid and semiarid areas of the world. The influence of the relatively low NaCl
concentrations found in soils and irrigation waters on the growth and metabolism of saf-
flower, grown under semi-controlled conditions, was examined in this work. It was found
that increased concentrations of NaCl affected the number of leaves per plant and dry leaves
mass/area ratio. The transpiration intensity was reduced in plants grown in the presence of
NaCl and stomatal diffusive resistance increased following an increase in NaCl concentration.

KEYWORDS: safflower, sodium chloride, stress, growth, water regime

INTRODUCTION

Soil salinity is considered to be one of the most important abiotic, exter-
nal, environmental factors that affects the quality and yield of grown crops in
arid and semi-arid areas of the world. Under these conditions, the process of
evapotranspiration is highly intensive and very often exceeds the rainfall. As
a result, the accumulation of salt in the soil increases. Parent substrate and the
presence of salts in the irrigation water also contribute to this problem. The
result of salt accumulation, beside soil salinity, is also soil alkalinisation, which
both can jeopardize its productivity and consequently agriculture. Soil salin-
ity can be controlled through meliorative measures and irrigation advancement,
but this processes are often unprofitable and considered to be short-term solu-
tions. Therefore, more attention will be paid to the significance of growing
crops with higher salt tolerance in the future [Arzani 2008].

* Corresponding author E-mail: milena.danicic@polj.uns.ac.rs
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The FAO data [1997] show that more than 6% of world soil contains ex-
cessive concentrations of salt or sodium. Also, over 400 million hectares of
soil contain increased concentrations of sodium, which is 3.4%. In Serbian soils,
salt usually does not prevent the plant growth, but it can affect it by changing
the quality of plant tissue. Although sunflower, soya bean, and oilseed rape are
mainly used as a source of oil in Serbia, some other plant species like castor
oil, linen, safflower, coriander, camelina, and many others can also be used as
oilseed crops [Schuster 1992].

Safflower is hardy, shrub species, mostly unknown in our country, but it is
highly regarded in the world as an oilseed crop which can be used in all kinds
of industries. It is considered to be salt tolerant crop, although its mechanisms
of tolerance are poorly known [Zhao et al., 2014]. Even though safflower has
strong spindle-shaped root system, which makes it drought and salt tolerant, a
further study of salt effect on physiological and chemical properties of saf-
flower is necessary. Also, breeding methods can increase its salt tolerance
[Dajue and Miindel 1996].

The aim of this experiment was to examine the effect of relatively low
concentrations of NaCl, which can be found in the soils in our country, on the
growth, water regime and biochemical characteristics of safflower.

MATERIAL AND METHODS

The seed of safflower (Carthamus tinctorius L.), used in this experiment
was obtained from the Institute of Field and Vegetable Crops in Novi Sad.

The unsorted seed of safflower was sown in shallow, round dishes filled with
previously sterilized sand and watered with deionized water. After germination,
plants were transfered to pots containing half-strength Hoagland solution [Hoagland
and Arnon 1950]. After 14 days, different amounts of NaCl were added into nutri-
ent solution (0-control, 0.2, 0.6, and 1.2 g NaCl/l). There were 7 replications of
each treatment, with 8§ plants per replication. Analyses were done 21 days after
the beginning of the experiment.

Fresh and dry weight were measured, number of leaves per plant and dry
leaf mass/leaf area ratio. The intensity of transpiration was measured gravimetri-
cally and the diffusive resistance of stomata by an automatic porometer.

Concentration of free proline was assessed as described by Bates [1973]
and the concentration of photosynthetic pigments in acetone extracts as de-
scribed by Holm [1954] and Von Wettstein [1957].

Statistical analysis of data was performed by Statistica 12. Significance
of obtained differences between means was established by LSD test for all the
parameters.
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RESULTS AND DISCUSSION

The salt influence on number of leaves per plant and the dry mass/leaf
area ratio

The plants that were treated with 0.6 g NaCl/l had 11.6% lower number
of leaves per plant as compared to control treatment (Figure 1). Also, the
other treated plants had lower number of leaves per plant relative to the control.
This decrease indicates the influence of increasing concentration of NaCl on
the growth of safflower.

The dry mass/leaf area ratio showed the lowest values when it comes to
plants that were treated with 1.2 g NaCl/l (Figure 1). This value was 25.6%
lower as compared to plants that were not treated. It is also significant that the
plants that were treated with 0.6 g NaCl/l had 11.5% lower dry mass/leaf area
ratio as compared to the control. In the presence of higher concentrations of
salt in the soil, plants reduce the growth of their shoot and root [Romero-
Aranda et al., 2001]. In the most number of cases, this inhibition of growth can
first be seen in shoots, because of commonly greater tolerance of roots to
excess salts. The decreased intensity of the plant growth, as a consequence of
the presence of a higher concentration of salt, can first be noticed in mass and
leaf area of the treated plants (Lauchli and Epstein, 1990). When it comes to
studyng the stress influence on the grown plants, the growth analyses become
very important [Nidhal ez al., 2013]. The stress induced by saline soils affects
the plant metabolism and the outcome of agricultural production in many dif-
ferent ways [Marschner 1995].
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Figure 1. The influence of NaCl on the number of leaves per plant (A) and
the dry mass/leaf area (B)

The salt influence on the transpiration intensity and stomatal diffusive
resistance

The increasing NaCl concentration lowered the transpiration intensity
(Figure 2). It is significant that the plants treated with 0.2 g NaCl/l had 8.7%
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lower intensity of transpiration as compared to the control. Also, there were
significant differences between the plants grown in the presence of 0.6 g NaCl/l
which had 17.4% lower intensity of transpiration relative to the control. We
observed similar differences when it comes to plants grown in the presence of
1.2 g NaCl/l, which had 24.4% lower transpiration intensity as compared to
the control. Similar results were obtained by Lu ef al. [2002]. Their research
showed that transpiration intensity of halophyta Suaeda salsa decreased due
to increasing NaCl concentrations. The salt effect on the water regime of the
plants is considered to be one of the main causes of decreased plant growth.
The osmotic pressure of the soil solution increases with the increase in NaCl
concentration and, consequently, water uptake by plants is often prevented. As
a result, water becomes unavailable for plants despite its presence. This phe-
nomenon is called ‘physiological drought’ [Ayers and Westcot 1976]. High
concentration of salts aggravates water apsorption and leads to decrease of
apsorptive root area, which is necessary for water uptake. Along with this, the
leaf area increases, which reduces the whole transpiration process. In the saline
conditions plants shorten their vegetation, their water regime is disturbed and
the yield is reduced, as it was shown for pea by Maksimovi¢ et al. [2008 and
2010].

The stomatal diffusive resistance increases due to higher NaCl concentra-
tions. The highest value of this parameter was recorded in plants treated with
0.6 and 1.2 g NaCl/I (Figure 2). Although the concentrations of NaCl that we
used in this experiment were relatively low, they still caused the changes in
stoma. The immediate plant response to the effects like this is stomatal closure,
which was found in many other plant species [Hasegawa et al., 2000].
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Figure 2. The influence of NaCl on the transpiration intensity (A)
and stomatal diffusive resistance (B)
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The salt influence on concentrations of free proline and photosynthetic
pigments

Plants treated with 0.6 g NaCl/l had the highest free proline concentration
in fresh leaf mass (Figure 3). They had 53% higher free proline concentration
as compared to the control. A significant difference was also detected between
plants treated with 0.2 g and those treated with 0.6 g NaCl/l. Plants treated with
1.2 g NaCl/l had 40.2 % higher proline concentration relative to the control.
Sekiire and Hiisnii [2014] showed that the free proline concentration increased
in fresh leaves of 4 grown types of safflower (Dincer, Yenice, Remzibey-05,
and LSD 5) due to increasing NaCl concentrations in substrate. Also Liu and Zhu
[1997] showed that the free proline concentration increased in leaves of mutant
Arabidopsis (sosl), which is considered to be hypersensitive to salt presence,
due to higher NaCl concentrations added to nutrient solution, in comparison
with a wild type of Arabidopsis.

When it comes to chlorophyll a, b and carotenoids content in dry leaf mass,
the obtained results showed variability. Plants treated with 0.6 g NaCl/l had
13.9% lower concentration of chlorophyll a, as compared to the control. They
also had 23% lower chlorophyll a concentration as compared to plants treated
with 0.2 g NaCl/l (Figure 3). Analyses of chlorophyll b concentration showed that
the plants treated with 0.6 g NaCl/l had significantly lower chlorophyll b content
relative to the control (15.5%) (Figure 3). Carotenoids are, next to ascorbic acid,
non-enzimatic antioxidants which play very important role in plant osmotic
stress [Mane et al., 2011]. Plants treated with 0.6 g NaCl/l had 19.9% lower
carotenoid concentration as compared to the plants threated with 0.2 g NaCl/l
and this difference was statisticaly significant. Salem et al. [2013] showed that
the carotenoid content in leaves of two treated genotypes of safflower (104 and
Jawhara) had the highest values when 10 g NaCl/l was added to the nutrient
solution and the lowest values when the plants were treated with 15 g NaCl/l.
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Figure 3. The influence of NaCl on free proline content in fresh leaves (A)
and the content of photosynthetic pigments in dry leaf mass (B)
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CONCLUSION

When it comes to soil salinity, safflower is considered to be a tolerant spe-
cies. However, relatively low concentrations of NaCl (up to 1.2 g NaCl/l) affected
growth, water regime and metabolism of the treated plants.

The number of leaves per plant and the leaf dry mass/leaf area ratio de-
creased in the presence of the highest NaCl concentrations.

The decreased transpiration intensity and the increased diffusive stoma-
tal resistance inhibited the production of organic matter in plants.

As a response to the higher NaCl concentrations, free proline content in
leaves increased, and the concentration of photosynthetic pigments decreased.
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OU3NOJIOIIKE U XEMUICKE OCOBUHE IITA®PAHUKE
(Carthamus tinctorius L) TAJEHE Y TTPUCYCTBY
HUCKNX KOHIEHTPALIMJA COJIN

Munena M. JAHUYUR, Heana B. MAKCUMOBH R, Mapuna U. ITYTHUK JJEJIH kA

VYuusepsurer y HoBom Cany, [TossonpuBpennu dakymirer
Tpr Hocuteja O6panosuha 8, 21000 Horu Cax, CpOuja

PE3UME: Uladpanuka (Carthamus tinctorius L.) ©3y3eTHO je LEHEHA y CBETY Kao
apoMaTHYHa, 3a4MHCKa OMJbKA M yJbaHa KYIATYpa KOja ce KOPHCTH Y pa3IHIUTHM rpa-
Hama uHaycrpuje. CMaTpa ce MPBEHCTBEHO OMJPKOM apHIHUX U CEMUAPHIHUX Ipe-
Jena. Y OBOM pajly MCIIHMTAaH je yTHIaj pelnaTuBHO HUCKUX KoHIeHTpanuja NaCl, koje
MOTy Aa ce Hahy y 3eMJBHIITHMA HITH BOJIaMa 33 HaBOAaBamke, Ha OMJbKe miadpaHuKe
rajeHe y noJyKOHTPOJIMCaHUM yciioBiMa. YTBpleHo je 1a noBehane konreHTparuje NaCl
yTUYY Ha MapaMeTpe pacTa, Kao MTo Cy, OPOjHOCT JINCTOBA MO OMJBIIU U OTHOC CyBE
Mace ¥ TIOBpIIMHE JTUCTA, alld U Ha BOJAHH PEKHUM TPETUPAaHUX Oubaka. [IpucyctBo
COJIH JIOBEJIO j€ JIO CMarbhCeHha MHTCH3UTETa TPAaHCIIHpAIlije 1 10 oBehama audy3Hor
OTIIOpa CTOMA.

KJbYYHE PEYUN: madpanuka (Carthamus tinctorius L.), HaTpujyM XJIOpU I, CTPEC,
pacT, BOAHH PEKUM
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SEED YIELD AND PROTEIN CONTENT IN
SUNFLOWER DEPENDING ON STAND DENSITY

ABSTRACT: The aim of this research was to investigate the effect of stand density
on seed yield and protein content in sunflower hybrids. The field experiment was carried
out at Rimski Sancevi location. Six NS sunflower hybrids were examined. Five hybrids are
confectionery (NS Goliat, NS Slatki, NS Gricko, Vranac and Cepko), and one is used for
bird food (NS-H-6485). The trial was arranged as randomized complete block design (RCBD)
with four replications. Sowing was done with six different densities (from 20,000 to 70,000
plants per hectare, with an increment of 10,000 plants per hectare). Analysis of variance
(ANOVA) showed that the effect of hybrid, stand density and hybrid x stand density interac-
tion were highly significant for seed yield and protein content. The higlhest seed yield, on
the basis of average for all densities, was found in NS-H-6485 (4.77 t ha™) and in NS Gricko
(4.43 t ha!). Average seed yield of hybrids significantly increased up to 50,000 plants per
ha™!, when it reached the value of 4.50 t ha, and then decreased. Significantly higher protein
content, taking into account all stand densities, showed hybrid Cepko (16.94%). Protein
content, above the overall average value, was achieved in hybrid Vranac (16.11%). The high-
est protein content in the average for all six hybrids was at the lowest stand density (20,000
plants per ha™), and then decreased up to higher densities. The results showed that stand
density had significant effect on seed yield and protein content in sunflower hybrids.

KEYWORDS: hybrid, interaction, oil content, seed yield, stand density, sunflower

INTRODUCTION

One of the most important annual plant species, whose seeds are used for
extraction of edible oil, is sunflower (Helianthus annuus L.). Except in oil,
sunflower seeds are rich in protein, and minerals such as calcium and phos-
phorus. There are two main types of sunflower: oilseed and non-oil seed sun-
flower [Salunkhe et al., 1991; Jocic et al., 2015]. Non-oil seed type Helianthus

* Corresponding author E-mail: igor.balalic@nsseme.com
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annuus L. var. macrocarpus (DC) CKkll is also called confectionery, protein,
or big seed sunflower. Demand for confectionery sunflower is increasing both
in the world and in Serbia, considering the rising possibility of using protein
from the seeds in the food and confectionery industry. In the human diet it is
used as seed with shell and as hulled kernels. The sunflower seed is used for
preparing over 100 different food products: special types of bread, semi-pre-
pared and ready meals, cakes, ice cream, chocolate, peanut butter, mixtures
with butter, honey and salt as a spread, and as a substitute for nuts in cakes,
addition to salads, and yogurt supplement [Jovanovi¢ 2001; Dijanovi¢ et al.,
2003; Cold et al., 2012; Joci€ et al., 2012]. The protein content in 17 hybrids of
confectionery type sunflower ranged from 17.3% to 21.1% according to the
results reported by Jovanovic¢ et al. [2008]. A number of authors found a sig-
nificant correlation between protein content and other seed traits in sunflower
[Joksimovic et. al., 1999; Radi¢ et al., 2009, Cold et al., 2012; Hassan et al.,
2013; Ramzan et. al., 2015, Hladni et al., 2015]. The protein content was cor-
related with seed yield, weight of 1,000 seeds, dry matter content, oil content
and other traits, communicated these authors.

Stand density affects plant architecture, and it is one of the most important
cultural practices which determines seed yield, as well as other agronomic
attributes of the crop. It is very important to determine the optimum stand
density in order to get high seed yield. According to Villalobos et al. [1994],
as well as Diepenbrock et al. [2001], optimal sowing density in sunflower is
influenced by several factors, such as temperature, soil fertility, availability of
moisture and genotype.

The aim of this study was to investigate the seed yield and protein content
in sunflower hybrids depending on the stand density.

MATERIAL AND METHODS

In the experiment conducted in 2012 at Rimski Sangevi location, seed yield
and protein content in six NS sunflower hybrids were examined. Five hybrids
are confectionery (NS Goliat, NS Slatki, NS Gricko, Vranac and Cepko), and
one is used for bird food (NS-H-6485).

NS Goliat is a confectionery sunflower hybrid used for nutrition and peeling.
It belongs to the group of medium early hybrids. The stem is solid, average
plant height is 190 to 195 cm. The genetic potential for seed yield is higher than
4.5 tha'. The oil content is less than 33%, and protein content in the kernel is
greater than 23%. It has a low content of the shell. It is resistant to rust and sun-
flower moth, and tolerant to Phomopsis. NS Goliat is attractive to pollinators,
and is also well adaptable to different environmental conditions and soil types.

NS Slatki is a confectionery sunflower hybrid used for nutrition and peel-
ing. It belongs to the group of medium early hybrids. The stem is solid, average
plant height is 185 to 195 cm. The genetic potential for seed yield is higher than
4.5 tha. The oil content in the seed is less than 35%; protein content in the kernel
is higher than 25%. It has a low content of the shell. This hybrid is resistant to
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rust and sunflower moth, and tolerant to Phomopsis. It is attractive to pollinators,
and is also well adaptable to different environmental conditions and soil types.

NS Gricko, a confectionery sunflower hybrid, is used for nutrition and
peeling. It belongs to the group of medium early hybrids. The stem is solid, aver-
age plant helght is 185 to 195 cm. The genetic potential for seed yield is higher
than 4,5 t ha™. The oil content in the seed is less than 35%; protein content in
the kernel is higher than 25%. It has a low content of the shell. It is resistant to
rust and sunflower moth, and tolerant to Phomopsis. NS Gricko is attractive
to pollinators, and is also well adaptable to different environmental conditions
and soil types.

NS-H-6485 is a sunflower hybrid for bird feed. It belongs to the group of
medium early hybrids. The stem is solid, average plant helght is 180 to 190 cm.
The genetic potential for seed yield is hlgher than 4.5 t ha™'. Seed oil content
is 37-40% and the protein content in the kernel is about 25%. The seed is black
with gray lines marked at the ends. It is resistant to rust.

Vranac is a confectionery sunflower hybrid for food and peeling. It belongs
to the group of medium early hybrids. The stem is solid, average plant helght is
175 to 180 cm. The genetic potential for seed yield is hlgher than 4 t ha. The oil
content is from 44 to 48%. It has a low content of the shell. It is resistant to rust
and sunflower moth, and tolerant to Phomopsis. Vranac is attractive to pollinators,
and is also well adaptable to different environmental conditions and soil types.

Cepko, a confectionery sunflower hybrid, is used for peeling and bird food.
It belongs to the group of medium early hybrids. The stem is solid, average
plant hei {ght is 180 to 185 cm. The genetic potential for seed yield is higher than
4.5 tha™. The oil content is less than 42%, and seed protein content is more
than 16%, and therefore this hybrid is suitable for bird food. It is resistant to
rust and sunflower moth and tolerant to Phomopsis. This hybrid is attractive
to pollinators, and is also well adaptable to different environmental conditions
and soil types.

In hybrids Vranac and Cepko the genes responsible for high genetic po-
tential for seed yield and good technical-technological traits of the seeds are
successfully combined. Hybrids Vranac and Cepko are suitable for peeling and
production of kernels. In addition, Cepko is suitable for bird food [Jovanovi¢
and Skori¢ 2006].

The experiment was set up in a randomized complete block design
(RCBD) with four replications. Sowmg was done with six different densities
(from 20,000 to 70,000 plants per ha™!, with an increment of 10,000 plants per
ha™'). Seed was sown in four rows at spacmg of 70 cm between the rows. Row
length was 10 m. The first and fourth row served as protection, and two inner
rows were used for analysis. Seed yield was measured after the harvest from
two inner rows, without first and last plants in a row. The seed yield is calcu-
lated in t ha'! and corrected to 11% moisture. Seed protein content (%) was
determined by Kjeldahl method (VAP-50-Gerhardt).

Statistical analysis (two factorial ANOVA) was performed using the pro-
gram STATISTICA 12.0. Differences between the treatments were determined
by LSD range test at 0.05 and 0.01 level.
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RESULTS AND DISCUSSION
Seed yield

Sunflower seed yield is a complex trait and it is strongly under the influ-
ence of environmental factors. Yield depends on the genetic potential of hybrids
for yield, and yield stability depends on the ability of hybrids response to the
environmental conditions [Joci¢ 2003; Skori¢ 2012]. 5

Observing the results of the experiment conducted at Rimski Sancevi
location, sunflower seed yield depended on hybrid, stand density and hybrid
x stand density interaction. All sources of variation were significant. Hybrids
had the largest impact on seed yield (50.07%), while the stand density and
hybrid x stand density interaction almost equally contributed to seed yield
(Table 1). The stand density showed a relatively large effect on seed yield of
confectionery sunflower seed, and had a smaller effect on oil content and seed
size, according to Zubriski and Zimmermann [1974].

Table 1. ANOVA for seed yield in sunflower hybrids

Source of variation df SS SS (%) P
Hybrid (H) 5 10.86 50.07 <0.001
Stand density (SD) 5 4.88 22.50 <0.001
Hx SD 25 5.95 2743 0.044
Error (E) 105

*P <0.05; **P <0.01

On the basis of average for all densities, the highest seed yield was found
in NS-H-6485 (4.77 t ha™') and in NS Gricko (4.43 t ha™), while the lowest yield
was in Cepko (Table 2). According to Balali¢ ef al. [2013], in 2012 the average
yield for all hybrids and densities was significantly higher (4.29 t ha™") than in
2011 (3.72 t ha™). This could be explained by favorable weather conditions
during the growing season of 2012. Based on the test results of 97 confectionery
sunflower hybrids in Turkey, Kaya ez al. [2008] reported that the two-year average
yield was 2.24 t ha', which is significantly lower than the yield achieved in our
experiment. Average seed yield of hybrids significantly increased up to 50,000
plants per ha”', when it reached the value of 4.50 t ha™', and then decreased
(Table 2). In the average, for three years and all hybrids (NS-Dukat, NS-H-111,
and NS-H-103), seed yield in oil sunflower type grew up to 60,000 plants per
hectare, significantly up to 50,000 plants per hectare, while the regression
maximum was at 55,000 plants per hectare [Dusani¢ et al., 2004]. Crnobarac
et al. [2006] reported that an average seed yield for four oil sunflower hybrids
in 2005 increased to the maximum density. Seed yield at densities of 60,000
and 70,000 plants per hectare was significantly higher than at lower densities,
while in 2004 only the lowest (30,000) and the highest density (80,000) had
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significantly low yield. According to Barros et al. [2004], in Mediterranean
region optimum stand density for achieving the maximum sunflower yield was
between 3 and 4 plants per m?.

Variability of seed yield was 8.9%.

Table 2. Seed yield (t ha™") in sunflower hybrids

) Stand density (plants/ha™)
Hybrid Mean
20,000 | 30,000 | 40,000 50,000 60,000 70,000
NS Goliat 3.49 3.60 421 4.24 433 4.26 4.02
NS Slatki 3.79 4.19 4.53 4.56 4.57 4.41 4.34
NS Gricko 4.31 4.48 4.24 4.84 4.38 4.31 4.43
NS-H-6485 3.94 4.69 4.88 5.16 4.93 5.05 4.77
Vranac 4.18 4.42 4.39 3.99 4.10 4.14 4.20
Cepko 3.75 4,12 3.88 4.19 4.03 371 3.95
Mean 391 4.25 4.35 4.50 4.39 4.31 4.29
LSD H SD H x SD
0.05 0.22 0.22 0.53
0.01 0.29 0.29 0.71
CV=28.9%

Protein content

One of the indicators of sunflower seed quality is protein content. This is
a quantitative trait, determined poligenically. The protein content varies de-
pending on the genotype, agro-ecological conditions, as well as on the interac-
tion between genotype and environmental conditions. Confectionery or protein
sunflower type is characterized, among other traits, by lower oil content and
increased seed protein content. Radi¢ [2006] reported that, in the process of
maturing, protein synthesis previously stabilized in relation to biosynthesis of
oil in sunflower seed.

Table 3. ANOVA for protein content in sunflower hybrids

Source of variation df SS SS (%) P
Hybrid (H) 5 243.46 70.07 <0.001
Stand density (SD) 5 60.77 18.74 <0.001
H x SD 25 20.08 6.19 <0.001
Error (E) 105

*P < 0.05; **P < 0.01
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For seed protein content additive (hybrid, stand density) and non-additive
(hybrid x stand density interaction) sources of variation showed high signifi-
cance. Hybrids showed the highest impact on protein content at Rimski San¢evi
location (70.07%), followed by stand density (18.74%), while the lowest propor-
tion was observed in hybrid x stand density interaction (Table 3). According
to Dijanovi¢ et al. [2004], genotype (26.42%) and genotype x year X location
interaction (20.32%) almost equally contributed to protein content. In addition
to genotype, environmental factors have a large impact on seed protein content,
as reported by some authors [Merriam ef al., 1988; Dusani¢ 1994]. Stanojevi¢
et al. [1998] stated that protein content in sunflower depended on environmen-
tal factors and locations. Kandil ef al. [1990], examining the content of protein
and oil in five sunflower hybrids and varieties at two locations (Germany and
Egypt), came to the conclusion that the protein content was strongly influenced
by the location. Dijanovi¢ et al. [2004] also noted that the protein content in the
lines of confectionery sunflower seed also varied depending on the location.
Radi¢ et al. [2009] examined the seed protein content in two lines (L2 and L4)
grown in two locations. The line L4 in the location 2 had significantly lower
protein content (15.07%) compared with the location 1 (26.74%)).

Table 4. Protein content (%) in sunflower hybrids

) Stand density (plants/ha™)
Hybrid Mean
20,000 | 30,000 | 40,000 | 50,000 | 60,000 | 70,000

NS Goliat 14.08 13.11 1333 13.03 1276 1291 13.20
NS Slatki 1639 1624  14.82 15.11 1334 1408 1500
NS Gricko 1698 1547 1546 1457 1438  14.61 15.24
NS-H-6485 1537 1431 1342 1272 1310 1293 13.64
Vranac 1670 1646 1587 1584 1599 1582 16.11
Cepko 17.92 17.10 1692 1655 1677 1640 1694
Mean 1624 1545 1497 1464 1439 1446 1502
LSD H SD  HxSD

0.05 0.29 0.29 0.71

0.01 0.38 0.38 0.93

CV=3.3%

Significantly higher protein content, taking into account all stand densi-
ties, showed hybrid Cepko (16.94%). Above the overall average value, protein
content is achieved in hybrid Vranac (16.11%). Other hybrids had significantly
lower protein content compared with the overall average, which was 15.02%
(Table 4). Observing the influence of stand density on protein content it can
be seen that the highest content in the average for all six hybrids was at the
lowest density (20,000 plants per ha™"), and then decreased up to higher densities.
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There were no significant differences in protein content between the last three
stand densities, whereby the protein content was significantly lower than the
overall average (Table 4). Crnobarac et al. [2013] suggested, based on two-year
results of the protein content in three confectionery sunflower hybrids grown
in eight sowing dates, that the protein content was higher in the medium terms
compared with earlier planting dates. Taking into account three hybrids, pro-
tein content had the highest value (15.78%) at planting date on 20.04. Dijanovi¢
et al. [2004] examined the protein content in three inbred lines of confection-
ery sunflower at three locations (Zajecar, Leskovac and Pozarevac) and in three
generations (S3, S4 and S5). Cultivar Kolos was taken as a control. The highest
protein content had the line Rs4110-S3 (21.75% in Zajecar and PoZarevac, and
22.24% in Leskovac). The minimum protein content showed line D4441-S5
(Zajecar 18.85%, 19.44% Leskovac, Pozarevac 19.18%). Hladni et al. [2009]
reported that the protein content in the seed of new confectionery hybrids
ranged from 11.9% (NS-H-6309) to 14.0% (NS-H-6309), while by standards
Cepko and Vranac it was 12.8% i.e. 13.2%. The results obtained in 2008 [Hladni
et al. 2011a] at two locations (Rimski Sancevi, Vojvodina region and Kula, central
Serbia) expressed higher seed yield in comparison with standards (Vranac and
Cepko), though with a lower seed oil content. In the experiment were used 13
confectionary hybrids and Vranac and Cepko as the control. The protein con-
tent ranged from 10.7% (NS-H-17) to 14.2% (NS-H-04). Vranac had 13.1% and
Cepko 13.7% protein content. The same authors reported a very strong positive
correlation between seed yield and seed protein content, kernel content, and
mass of 1,000 seeds. Hladni et al. [2011b], based on two-year results at leskl
Sangevi location with three confectionery sunflower hybrids, concluded that the
seed protein content ranged from 13.6% (NS-H-6316) to 15.8% (NS-H-6320).
According to the results of Hladni ef al. [2012], the lowest mean value of seed
protein content was found in NS-H-6487 (14.4%), and the highest in NS-H-1206
(20.1%). Vranac had 17.5%, and Cepko 20.0% seed protein content. The protein
content in the seed ranged from 21.7% (NS-H-1206) to 27.5% (NS-H-6317). The
average protein content in the seed of confectionery hybrid Proteinac 94 was
21.43%, according to the results of Dijanovi¢ et al. [2003]. Dimitrov [1990] talked
about the impact of selection on high sunflower seed protein content. The result-
ing cultivar was Obitel which had an average seed protein content of 22.3%,
oil content of 42.6% and seed yield of 2.8 tha™.
Variability of protein content was rather low (3.3%).

CONCLUSION

According to the results obtained in this paper, the following conclusions
can be reached:

— Results of ANOVA for seed yield showed highly significant differences
for all sources of variation. Hybrids had the highest impact on seed yield
(50.07%), while stand density (22.50%) and hybrid x stand density inter-
action (27.43%) almost equally contributed to seed yield.
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— The highest average seed yield for all stand densities were found in
NS-H-6485 (4.77 t ha') and NS Gricko (4.43 tha™).

— The average seed yield for all hybrids significantly increased up to 50,000
plants per ha”', when it reached a value of 4.50 tha!, and then decreased.

— The content of seed protein additive (hybrid, stand density) and non-additive
(hybrid x stand density) sources of variation showed high significance.
Hybrids have the highest impact on the protein content at Rimski Sancevi
location (70.07%), followed by stand density (18.74%), while the lowest
proportion showed hybrid x stand density (5.19%).

— Significantly higher protein content was obtained in hybrid Cepko (16.94%),
taking into account all stand densities. Above the general average protein
content was achieved in hybrid Vranac (16.11%). Other hybrids had sig-
nificantly lower protein content compared with the overall average, which
stood at 15.02%.

— The highest protein content in the average for all six hybrids was at the
lowest stand density (20,000 plants ha™'), and then decreased up to highest
densities. Between the last three stand densities (50,000, 60,000, 70,000
plants per ha™") there were no significant differences in protein content,
but it was significantly lower than the overall average.

Study results may be helpful in recommending optimal sunflower stand
density in this region.
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Uzop M. BAJIAJIUR', Josan JK. IPHOBAPAL]®,
Braoumup J. MUKJIUY', Bexumup b. PAJIU Ti]

' MHCTUTYT 32 paTapcTBO M MOBPTAPCTBO
Maxkcuma 'opkor 30, 21000 Hosu Can, Cp6uja
> Vuusepsutet y Hosom Cany, [Tossonpuspenan daxyarer
Tpr Hocureja O6panosuha 8, 21000 Hosu Can, Cpouja

CAXETAK: Luss uctpakuBama OHO je Ja ce ucnurta eekar ryCTUHE CeTBE Ha
MIPUHOC CEMEHa U Ca/ip)kKaj MpoTenHa Ko Xxuopuaa cynuokpera. [losbcku ornex u3sse-
JICH je Ha JokanuTeTy PuMcku manyeBu. McnutuBaHo je niect Xubpuia CyHIIOKpeTa.
Her xubpuna cy xousymuor tuna (HC I'oanar, HC Cnarkn, HC I'puniko, Bpanar u
Lenko), a jenat je 3a ucxpany nruua (NS-H- 6485) OrJient je MocTaBJbeH 0 MOTITYHO
ciryuajaom ook cuctemy (RCBD), y uetnpu nonassbama. CeTBa je u3BeeHa ca mecT
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ryctuHa (o1 20.000 mo 70.000 6usbaka o xekTapy, ca kopakom oz 10.000 6uspaka mo
xekTapy). AHanu3a Bapujance (ANOVA) je nokasaina 1a cy epexTd Xxudpua, rycTuHe
CETBE U MHTEPAKIUje XUOPHUJI X TYyCTHHA CETBE OMJIM BUCOKO 3HAYajHU 3a IPUHOC Ce-
MeHa U ca/ipkaj nporenHa. Hajsehu npuHoc cemeHa, Ha OCHOBY ITPOCEKa CBUX I'yCTHHA
ceTBe, nokasanu cy xubpuau NS-H-6485 (4,77 t ha) u HC I'punko (4,43 t ha™). IIpo-
cevaH NpuHOC XxnOpuaa 3HadajHo ce noBehasao 1o 50.000 Gusbaka mo xekrapy, Kazua
je mocturnyT npuHoc of of 4,50 t ha, a 3atum je omamao. Ysumajyhu y o63up cse ry-
CTHHE CETBE, 3Ha4ajHO HajBehu caaprkaj mpoTenHa nmocturao je xudpun Lenko (16,94%).
Canpxaj mpoTenHa U3HAJ OMIITET MpoceKka uMao je u xubpua Bpanar (16,11%).
Hajehwu cagpikaj mpoTenHa y mpoceky 3a CBHX IIecT XUOpuIa OMo je Ko HajMarme
rycruse cetse (20.000 Ousbaka 1o XeKrapy), a 3aTHM Ce CMambUBao J10 BehuX rycTuHa.
PesynrtaTu cy nokasanu ga TyCTHHA CeTBa MMa 3Ha4ajaH yTHI] HA IPHHOC CEMEHA H
caJipKaj IPOTEHHA KO XHOpUIa CyHIIOKPETa.

KJbYYUHE PEYMU: xubpua, uHTepakumja, caapxaj yjba, IpHHOC 3pHa, I'yCTHHA
CEeTBE, CYHIIOKPET
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BREEDING OF THE COMMONV KINGFISHER
Alcedo atthis AT THE BORACKA RIVER

ABSTRACT: The breeding population of the common kingfisher Alcedo atthis was
studied in the Boracka River area in 2006 and 2007. A high breeding density was docu-
mented in 2007 with five breeding pairs recorded along the 1.4 km section of a stream
habitat. All of the studied nests were placed in vertical banks without excessive riparian
vegetation, while the distance between adjacent nests ranged 120-430 m. The same nest
holes were used in both years, although birds excavated a couple of new ones in 2007. One
pair bred in two consecutive years; the same pair had two breeding attempts in 2007, while
three breeding attempts were recorded for one male. Birds used the same holes for subsequent
clutches or excavated new nests. Also, one nest was used by different pairs in the same
breeding season. In the study period 21 individuals were banded — none of the juvenile in-
dividuals was recaptured, suggesting that the fledglings dispersed shortly after they had left
their nests. Also, none of the breeding individuals was recaptured at the river outside the
breeding season.

KEYWORDS: Kingfisher, Alcedo atthis, Serbia, breeding, population density

INTRODUCTION

The common kingfisher, Alcedo atthis, is widely distributed throughout
the Palearctic and Indo-Malayan region where it inhabits different types of water
habitats with available aquatic prey and suitable nest sites, such as streams,
rivers, canals, drains, lakes, fishponds and occasionally seashore bays [Cramp
1985; Fry et al. 1992]. Kingfishers nest in tunnels, usually excavated in steep
stream or river banks, occasionally in holes in walls or tree stumps [Eastman
1969; Morgan and Glue 1977]. In Europe, breeding season starts in mid-April
and ends at the beginning of September. In that period, birds typically have
two broods, occasionally three [Cramp 1985].

Populations of the common kingfisher have been experiencing long term
declines across the European part of the species range, most likely due to river

* Corresponding author E-mail: inovcic@kean.edu
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pollution. For that reason, the common kingfisher is classified as a vulnerable
species in Europe [BirdLife International 2015]. In Serbia, the common king-
fisher has the status of a breeding species and year round resident. During the
period 1990-2003, its breeding population was estimated at 1,200—1,800 breed-
ing pairs with stabile population trend [Puzovi¢ et al., 2003]. However, common
kingfishers were rarely subjects of ornithological research in Serbia, hence,
information on this species can be found mainly in ornithofaunistic reports.
Matvejev [1950] confirmed the presence of common kingfishers at 37 locations
in Serbia, while Simi¢ [2004] examined seasonal changes in the occurrence of
kingfishers on the Danube near Belgrade, in the period 1993-1996, concluding
that these birds are the most abundant from September to November and very
rare from February to June. In the EMERALD network in Serbia, the presence
of the common kingfisher had been confirmed at 144 locations [Sekuli¢ and
Sinzar-Sekuli¢ 2010].

Breeding of common kingfishers has never been investigated in Serbia.
Therefore, the major goals of this study are to examine breeding habits of this
species and to determine how many pairs of kingfishers can breed along a
stream habitat that is, due to presence of steep banks and available fish prey,
suitable for their nesting. Better understanding of breeding biology of common
kingfishers is necessary for accurate estimates of their population trends and sizes.

MATERIAL AND METHODS

The Boracka River is ~9 km long tributary of GruZa accumulation, central
Serbia, that along the entire course flows through arable land [Comi¢ and Osto-
jic 2005] In the study section, shallow main stream alternates with deeper
pools, with rocks that dominate the bottom in riffles, gravel and sand in pools,
while mud is the prevalent substrate close to the accumulation. Turbidity var-
ies from low in shallow pools to high after heavy rains. In the lower reaches,
the river is surrounded by high banks and tree cover mainly of willow (Salix
spp.), poplar (Populus spp.) and black locust (Robinia pseudoacacia).

I examined breeding habits of kingfishers along the 1.9 km section of water
course close to the junction of the river and accumulation, during the breeding
seasons in 2006 and 2007. In 2006 I examined 1 km of the water course beginning
from the accumulation, while in 2007 I examined additional 900 m of the water
course. Kingfishers were captured in nylon mist nets set across the river, close
to kingfisher nests, and banded with metal bands (issued by the National Center
for Animal Marking). Sex and age of captured birds were determined following
Cramp [1985] and Baker [1993]. To examine if birds used their breeding areas
outside the breeding season, I continued mist-netting throughout the fall and
winter period.

All nests were located by walking along the stream; I found six nests that
are from now on referred to as nests A — F. I used several parameters to confirm
the breeding activity of individuals within nest tunnels — adult birds that where
flying in or flying out of nests, usually with fish in their beaks, fresh feces on



the bank bellow nest holes and calls of chicks. In addition, three nest tunnels
were examined with a camera during the breeding season in 2007. I assumed
that adult individuals that were captured two or more times in mist nets close
to a particular nest were a breeding pair of that nest. On several occasions,
individuals flew into mist nets directly from their nests, which verified the
occupancy of nests. The distance between nests was determined using global
positioning system (GPS; Garmin €Trex Vista).

RESULTS

During the study period 21 individuals were banded, nine adults (four
males and five females) and 12 juveniles. None of the adult birds and juveniles
banded during the breeding season was recaptured on the river during the fall
and winter period. Two nests were located in 2006, but only one breeding pair
was identified, while six nests were detected in 2007, when four breeding pairs
were identified and assumed the presence of a fifth one (Table 1). All of the
studied nests were placed in vertical banks without excessive riparian vegetation.
The distances between recorded nests were: A—B 150 m, B—C 120m, C-D
450 m, D — E 430 m and E — F 260 m, while the distances from the accumula-
tion were: 340 m (A), 490 m (B), 610 m (C), 1,060 m (D), 1,490 m (E) and 1,750 m
(F) (Figure 1).

Figure 1. The position of kingfisher nests (A-F) in the study area (Boracka river)
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Breeding season 2006

Along the 1 km long section of the river, only nests B and C were detected.
A breeding pair from the C-nest was identified; a male (further in text m;) and
female (f;) were captured twice from June 15 — July 7. The activity of the C-
nest was not registered throughout August. The activity of the B-nest was
confirmed on May 26, although the breeding pair was not identified. That nest
was inactive in July, but its activity was documented again at the beginning of
August, when chirping of chicks was recorded and the female f; was captured
by the nest. A single recapturing of the female f; by the B-nest does not confirm
that she bred there, but it indicates that she may have laid the second clutch in
that nest.

Breeding season 2007

Along the 1.9 km long section of the river, all six nests were recorded.
Throughout May the activity of four nests was confirmed — A, B C and E; the
A-nest was newly excavated (not recorded in 2006), while the E-nest was de-
tected in the section that was not examined in 2006. In that period, two breed-
ing pairs were identified; a male (m,) and female (f,) that bred in the B-nest
and the male m; and female f; that bred in the C-nest. In addition, a male (mj3)
was captured with a fish in his beak in front of the E-nest, which suggests that
he may have bred there. A breeding pair from the A-nest was not identified.
However, on June 1 fledglings were recorded with a camera, both in nests A and
C, while eggs were registered in the B-nests. This indicated the presence of a
distinct breeding pair in the A-nest, given that it is less likely that the m;-f; and
m,-f, pairs were able to raise two broods simultaneously.

During June and July three nests were active. In June, a breeding pair
m;-f; started their second brood in a newly excavated D-nest, while a new pair,
a male (m4) and female (f;) inhabited the C-nest. The F-nest was registered in
March 2007, although its activity was confirmed for the first time at the end
of June when the male m; was captured there. The same male was captured in
front of that nest at the beginning of July again, but he was also captured once
in June and at the end of July at the E-nest. Thus, it is possible that after he had his
first brood in the E-nest (in May and June) he stared his second brood in the
F-nest at the beginning of July and then returned to the E-nest for the third brood
at the end of July. His partner at the end of July in the E-nest was a female f5.

In the breeding season 2007 nine hunting perches were recorded, they
were recognized based on the presence of bird feces containing fish scales.
Perches were placed 20—150 cm above the water level, while the depth of water
pools below them ranged 20—105 cm, although measurements were conducted
at the end of June, when the water level was very low.
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Table 1. The nest activity in the breeding seasons 2006 and 2007

nest A B C D E F
I Did not ACt.IVG, br_eed— Actl\{e, Did not
. ing pair breeding . Unknown Unknown
brood  exist . . . exist
unidentified  pair m;-f;
2006 Active, breed-

11 Didnot  ing pair uni- . Did not

brood  exist dentified Inactive exist Unknown Unknown
(possibly f;)
Active, . . . .
. Active, Active, . Active, breeding
I breeding . . . Did not . . . .
. > breeding pair  breeding . pair unidentified Inactive
brood pair uni- oot air mo-f exist (possibly ms)
dentified 7 pairmi-hy POSSIDLy M3
2007 Active, Active, .
11 . . . . . Active,
Inactive Inactive breeding  breeding Inactive
brood . . male mj
pair my-f;  pair my-f)

. Inactive Inactive Inactive Inactive ACUV?’ breeding Inactive

brood pair m;-f3

DISSCUSION

The Boracka River is suitable for breeding of common kingfishers, pro-
viding that five pairs bred there along the 1.4 km of water course. I was not
able to determine the exact sizes of their breeding territories; however, based
on flight directions of captured birds, I concluded that kingfishers captured
prey upstream and downstream from their nests. Most likely, the birds captured
all prey at the Boracka River, given that it is the only water course in that area
and that the Gruza accumulation near the river junction lacks appropriate
hunting perches.

The breeding densities of common kingfishers are variable. Typically,
breeding pairs are separated around 1-2 km along a water course or even more
[Kumari 1978; Glutz and Baurer 1980; Cech 2006]. However, in spite of doc-
umented territorial behavior of these birds [Eastman 1969; Kumari 1978], the
breeding density recorded at the Boracka River is not unusual. Thus, simulta-
neously active nests were separated 150 m in Scotland [Brown 1935], 125 m and
200 m in Sweden [Svensson 1978], 300 m in Estonia [Kumari 1978], 100 m in
Japan [Sayako and Tatsuhiko 2002], 50 m in Czech Republic [Cech 2006], while
four breeding pairs were recorded along 650 m of a water course in Belgium
[Libois 1994]. Breeding territory size of the common kingfisher depends on
the availability of food and nest sites together with the overall population
level [Libois 1997]. In the Boracka River area, breeding kingfishers reached
the high density most likely due to presence of river banks suitable for nesting,
as well as due to available prey and foraging sites. It is not known how such
nest distribution affected reproductive success of individuals as overcrowding
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often leads to increased incidence of aggressive encounters between neighbor-
ing breeding pairs [Clancey 1935; Boag 1982].

Common kingfishers can use suitable nest sites many years [Eastman
1969; Kumari 1978]. At the Boracka River, the same nest was used in consecu-
tive breeding seasons by one breeding pair. Thus, the breeding pair m;-f; bred
in the C-nest in both study years, while in 2007 the same pair excavated a new
nest for the second brood. Excavation of additional nesting tunnels within the
breeding season is not uncommon among kingfishers and thus subsequent
broods may overlap [Brown 1935; Eastman 1969; Kumari 1978]. The pair m;-f;
most likely started building a new tunnel while still taking care of the young from
the first brood, given that I recorded fledglings in the C-nest on June 1 2007,
whereas their parents were captured in front on the D-nest on June 13.

Under favorable environmental conditions, birds can continue using breed-
ing territories as feeding territories throughout the fall and winter [Boag 1982].
However, I did not recapture any of the breeding individuals outside the breeding
season even though the Boracka River was mainly ice-free during the winter
2006/07. It is not known where these birds spent the winter. In addition, I did
not recapture any of juvenile individuals banded throughout the breeding pe-
riod as the young disperse from the nesting place just a few days after leaving
their nests [Clancey 1935; Eastman 1969; Boag 1982].

CONCLUSION

Stream habitats with suitable vertical banks, foraging areas and available
fish prey can support relatively high breeding densities of common kingfishers
in spite of documented territoriality of these birds. Providing documented
breeding dynamics of kingfishers, such as excavation of new nest tunnels for
the second clutch, as well as utilization of one nest by different pairs within
the same breeding season, more research is necessary for correct estimates of
the size and trends of their populations.
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I'HEXBEBE BOJOMAPA Alcedo atthis HA TIOAPYUJY
BOPAUYKE PEKE

Hesana JI. HOBYUh

VYuusepsuret Kean, JlemaprmMan OHONOMIKUX HAayKa
1000 Mopuc aBenuja, YanoH, by Llepcu 07083
Cjenumene Amepruuke J{pxase

PE3UME: I'ne3nununina nonynaruja Bogomapa Alcedo atthis npahena je na bo-
pauxoj peru y Toky 2006. u 2007. ronune. Bucoky ryctuny nomynamnuje 3adenexuna
cam 2007. roguHe, Kazia ce et naposa re3 o a1yx 1.4 km peunor Toka. Ca raesna
Cy JIOLIMpaHa Ha BEPTUKAIHUM 3eMJbaHUM OfiecLIMa Oe3 Bereralyje, IpUInKOM yera
cy pactojama uzMely ruezna nznocuna 120-430 m. Mcra raesna cy kopumrheHa TOkom
o6e cesone, a TokoM Jieta 2007. roanHe nruue Cy u3ayOuie HEKOJINKO HOBUX AYIJbH.
JenaH rHe3MIMIIHY NIap UMAO je ABa NMoKywaja ruexhema y 2007. rogunu, 10K cy
UCTe rofnHe 3a0eekeHa TPH MOKyIIaja THeKema jeAHOT MyXKjaka. 3a MOHOBJCHA
JIerJia ITUIIE Cy KOPUCTHUIIC UCTA THE3/1a Ui Cy u3yOuiie HoBa. Takohe, TOkoM ce30He
2007. 3abenesxnina cam Kopuinhere jeJHOr THe3/1a O/ CTPaHe JBa pasiniuTa napa. ¥y
TOKY UCTPAXHUBAYKOr IEPHO/ia MapKHpaHa je 21 jenrHKa, HujeaHa JyBeHUIIHA jeAMHKa
HUje IOHOBO YJIOBJbEHA HAKOH JaTyMa IPCTEHOBaba, IITO UMILIMLIUPA /1a TOJeTapLH
HaNyIITajy THE3AMINIIHE TEPUTOPH]jE BPJIo Op30 HAKOH HalyIITama rue3na. Taxkohe,
HUjeHa alyJITHA jeAMHKA HUje IOHOBO YJIOBJbEHA HA PELU BaH Ce30HE rHexlema.

KJBYYHE PEUU: Bonomap, Alcedo atthis, Cpouja, rHexhere, rycTHHA NOITyJIaluje
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WITHERS HEIGHT OF PIG - Sus scrofa domestica L.
1758, DOMESTIC COW — Bos taurus L. 1758 AND
SHEEP — Ovis aries L. 1758 AT THE “GORNJA SUMA”
ARCHAEOLOGICAL SITE (NOVI SAD)

ABSTRACT: In spring 2012, osteological material was collected at the “Gornja Suma”
site (site no. 47), located in the territory of Novi Sad, and it was dated to the early 9" cen-
tury. The withers heights of pig — Sus scrofa domestica, domestic cow — Bos taurus and
sheep — Ovis aries, as the three most dominant species at this archaeological site, were ana-
lysed based on the length of bones and according to various authors [Boessneck 1956; Zalkin
1960; Matolcsi 1970; Teichert 1975]. It was determined that in these three species the withers
heights mostly corresponded to the data from the Middle Ages.

5 KEYWORDS: withers height, Sus scrofa domestica, Bos taurus, Ovis aries, “Gornja
Suma” archaeological site

INTRODUCTION

Osteological material has been collected at the archaeological sites in
Vojvodina since 1930s. This material comes from different periods, such as:
Neolithic Age — New Stone Age (6000—3200 B.C.), Eneolithic Age — Copper
Age (3200-2000 B.C.), Bronze Age (2000-950 B.C.), Early Iron Age (950-300
B.C.), Later Iron Age (4" century B.C. — 1* century A.D.), Roman period
(15-4" century A.D.), Migration period (4"-9'" century A.D.), and Middle
Ages (9™ century — 1526 A.D.) [Cerovi¢ et al., 1997].

* Corresponding author E-mail: desanka.kostic@dbe.uns.ac.rs
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Certain animal species, due to their characteristics useful for humans,
were subjected to the process of domestication. Main characteristics of domes-
tication are, predominantly, anatomical-morphological changes related to the
reduction in body dimensions, changes in the structure and density of bones,
thinning of cortical part of bones, expanding of modular channel, accompanied
by changes in behaviour and physiology. The domestication process is long
and depends on many factors [Bokony 1974]. Changes occur due to anthropo-
genic effect on species, artificial selection and reproductive isolation. Through
selection, humans favoured certain animal characteristics that suited them,
and they tried to pass these characteristics to following generations, while
‘unfavourable’ characteristics were eliminated over time. The human influence
and reproductive isolation led to differentiation between domestic and wild
populations.

The domestication process started as early as the Neolithic Age (circa
6,000 B.C.). The first examples of domestication of animals in Europe can be
found in Thessaly in the 7™ century B.C. (first goats and sheep). Only animals
living in herds could be domesticated (large herbivores), most likely in several
phases: non-systemic hunting — selective hunting — tracking herds — enclosing
herds — herding. Certain species (such as dog and pig) were probably domes-
ticated through certain symbiosis with humans, especially where permanent
settlements started to appear [Clutton et Brock 1999].

The process of domestication of animals did not have the same direction
and intensity. Differences that can be observed in archaeological material are the
result of different conditions, of which the most important ones are ecological
factors and characteristics of breeding that are specific for certain cultures
[Blazi¢ 2005 a].

The goal of this paper is to analyse values of the withers height of pig —
Sus scrofa domestica L. 1758, domestic cow — Bos taurus L. 1758, and sheep
— Ovis aries L.1758, as three most common species at the “Gornja Suma”
medieval archaeological site (site no. 47), located in the territory of Novi Sad,
and to draw comparisons with values from other archaeological sites of the
same and earlier dates, in order to track changes in body dimensions of these
animals throughout history.

DESCRIPTION OF THE SITE

The “Gornja Suma” site (site no. 47) is located in north-west part of Novi
Sad city area, in the zone of E-75 motorway. It is situated on southern part of
Backa loess plateau, in the hinterland of old high Danube bank.

During the construction of the new energy corridor around Novi Sad (gas
and oil pipelines), archaeological excavations and researches were done at this
site under supervision of the Institute for the Protection of Cultural Monuments
of the City of Novi Sad. These works included partial excavation of a medieval
settlement dated to the 9" century in the length of circa 800 metres. Apart
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from household items, a large amount of bones of domesticated animals was
also found.

MATERIAL AND METHODS

The osteological material at the “Gornja Suma” site (site no. 47) was col-
lected and analysed in the period March—April 2012.

Determination of Vertebrata species was done using the key Schmidt
[1972] and comparative osteological collections.

Measurement of the osteological material was done according to proposed
guidelines given by Driesch [1976]. Calliper of 0.1 mm precision and digital
calliper of 0.01 mm precision were used for measurement. The measurement
box was used for bone parts that were not in the same plane.

The withers height of Sus scrofa domestica was calculated according to
Teichert [1969], for the species Bos taurus this parameter was calculated based
on the coefficient given by Boessneck [1956], Zalkin [1960] and Matolsci
[1970], while the withers height of Ovis aries was calculated according to
Teichert [1975].

RESULTS AND DISCUSSION

The “Gornja Suma” site (site no. 47) hosts remains of a settlement dated
to the early Middle Ages, more precisely to the 9" century. After the analysis
of animal bone remains, the members of the following classes were recorded:
Mammalia, Aves and Osteichthyes. Similarly to other sites in Vojvodina
[Radmanovic et al., 2013; 2014 a,b] and Europe [Bokony 1974] mammals are
dominant, and the total share of pig — Sus scrofa domestica, domestic cow — Bos
taurus and sheep — Ovis aries equals 94.15%. With 45.45% of the total sample
of bone fragments, pig was the dominant species, which is not usual for sites
from this period because then pork was less used in diet due to religious reasons
[Nedeljkovi¢ 2008]. Therefore, this archaeological site in the territory of Novi
Sad is very interesting. The second most numerous species was domestic cow
(26.88%) and sheep was the third one (21.82%).

The withers height, as one of the characteristics of domestication, can be
calculated only using whole bones.

Withers Height of Pig — Sus scrofa domestica

There were only two whole bones in the entire osteological material of Sus
scrofa domestica from the “Gornja Suma” site (site no. 47): femur and tibia.
By multiplying their maximum length with the coefficient given by Teichart
[1969], it was calculated that the withers height based on femur was 69.9 cm,
and based on tibia 82.1 cm.
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Blazi¢ [1988] analysed the withers height of Sus scrofa domestica from
the Early Iron Age from the “Gomolava” site (Hrtkovci), and stated that this
parameter was 67.2 cm based on the calcaneus length, 69.8 cm based on astra-
galus length, and 65.2 cm based on scapulae length. The same author analysed
in 2010 osteological material from the “Asfaltna Baza” site (Zemun), also from
the Early Iron Age, and based on measurements of astragalus and calcaneus
stated that the withers height of this domesticated species was 79.26 cm and
77.52 cm respectively.

Based on astragalus of domesticated pig from the “Vranj” site (Hrtkovci),
which belongs to the Roman period, Blazi¢ [1993] calculated the withers height
in the range between 68 and 77 cm, and concluded that these values were
closer to autochthonous individuals than to so called improved Roman race.

Nedeljkovi¢ [2008] stated that at the “Sirmium 85 site (Sremska Mitro-
vica) the withers height of domestic pig in the Roman period was 76.23 cm,
and this result was based on calcaneus length.

Bartosiewitz [1996] stated that the withers height of pig from the Middle
Ages in Hungary was 66.1 cm, based on the length of humerus.

Blazi¢ [1999] stated that, at the “Ras-Gradina” medieval site (Novi Pazar),
the value of withers height of domestic pig was in the range between 52 and
91 cm with mean value of 73 cm, but it was not stated which bones were used
to calculate it. The values from the “Gornja Suma” site fit these data.

Withers Height of Domestic Cow — Bos taurus

In Central and Eastern Europe, domestic cow (Bos taurus) is almost always
the most dominant or one of the most dominant species of bred animals. This
is also the case with sites in the territory of Vojvodina [Radmanovic¢ ef al.,
2013; 2014 a,b; 2015] and the entire Pannonian Basin. Its presence at sites from
various periods in Romania is discussed by Stanc et al. [2010], noting that in
the Medieval Ages its contribution in the mammal fauna was between 35%
and 65%, and in domesticated mammal fauna between 45% and 65%. Such
high share is the result of multi-functionality of this animal — its meat and milk
are used in diet, strength for pulling, and horns and bones for producing various
objects. No other species of domestic animals has surpassed the economic
value of domestic cow so far [Bokonyi 1974].

As already mentioned, the withers height of an animal is calculated using
whole bones, and in case of domestic cow, by multiplying their maximum
length with coefficients given by Boessneck [1956], Zalkin [1960] and Matolcsi
[1970]. In the entire Bos taurus sample from the “Gornja Suma” site (site no. 47),
there were only four bones where maximum length could be measured. These
were three metatarsal bones and one tibia. Some earlier works [4rchaeozoologie,
1989] state that distal epiphysis of metatarsus shortens between 2 and 2.5 years
of age. Based on the fact that all three of these bones had epiphyses, we can
conclude that the given individuals were younger than 2 years.

Bokonyi [1974] made an overview of osteological material found at sites
in Central and Eastern Europe, on the basis of historical periods. Using the
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above-mentioned data, mean values of lengths of long bones were calculated
on the basis of special periods, and after that withers heights were calculated
according to the given mean values. The results are in Table 2.

Table 1. Calculated values of withers heights (expressed in cm) of domestic cow Bos
taurus from the “Gornja Suma” archaeological site (site no. 47)

Author and year Bone
Metatarsus Tibia
Min | Max
Boessneck [1956] 109.6 116.8
Zalkin [1960] 104 108.7
Matolcsi [1970] 102.8 109.5 114

Table 2. Calculated values of the withers height of Bos taurus based on the data by Bokony
[1974], expressed in cm

Bone Copper | Bronze | Iron | Roman | Migration | Avar | 10%-13" | 14h-17%
Age Age | Age | period | period | period | centuries | centuries

Humerus 110.5 107.6 111.9 98.5

Radius 135.5 119.5 112 126 107.5 119.2 123 117.8

Metacarpus  121.5 1167 112.6  125.8 112.3 119.8 109 120

Femur 102.4 110

Tibia 127.7 118.3 122 106 122

Metatarsus 117 111 122.7 120.4 120 116 136.4

The results of the withers height of domestic cow calculated using the
long bones from the “Gornja Suma” site (site no. 47) are expected, taking into
consideration their date, and they correspond to the values from other sites in the
region from the same period. Domestic cow from the Copper Age was bigger,
like the one from the Roman period (it is believed that bigger races were in-
troduced from the territory of present-day Italy in this period). The lowest
withers height was calculated according to the average length of humerus from
the period between the 10" and 13" centuries (98.5 cm), and the highest was
calculated according to the radius from the Copper Age (135.5 cm) and meta-
tarsus from the period between the 14™ and 17 centuries (136.4 cm) (Table 2).
These results show the tendency of decreasing of withers heights of domestic
cow over time. The withers heights in the Roman period and period between
the 14" and 17" centuries deviate from this rule, which can be related to the
introduction of larger cow races from other areas by Romans and Turks.

El Susi [2007] collected data on domestic animals that were excavated
during the first decade of this century at archaeological sites from the Early
Neolithic in the territory of Romanian Banat and Transylvania. Using four
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figures for the length of metacarpus, a mean withers height was calculated,
and it was 125.6 cm, which is 10—13 cm higher than the withers height of do-
mestic cow at the “Gornja Suma” site.

El Susi [1998] determined the withers height of domestic cow at medieval
sites in the territory of Romanian Banat. The withers height of males was
between 112 and 118 cm, and of females between 107 and 108 cm.

Blazi¢ [1992 c] worked with remains of animal bones from the sites along
the motorway through Srem. At the “Zlatara” site (Ruma) from the Neolithic
period, the calculated withers height of domestic cow was between 102.3 and
108.2 cm. At the “Livade” site (Sremska Mitrovica) from the Eneolithic period
(Copper Age), the withers height was estimated according to metacarpus length
and it was 115 cm. At the “Vrtlozi” site (Simanovci) from the Early Iron Age, the
calculated withers height of domestic cow was between 109.6 and 112.3 cm.
In the Late Iron Age, the withers height was between 106 and 109 cm at the
“Tromeda” site (Pecinci) and 118 cm at the “Vrtlozi” site (Simanovci). The
withers height increased in the Roman period due to the introduction of cows
from other parts of Europe. Therefore, the authors stated that at the “Malo
Kuvalovo” site (KrnjeSevci) the withers height of indigenous cows was 123
cm, and of the introduced ones 142 cm. At other sites in Vojvodina, the withers
height of indigenous cows was between 104.6 and 123.8 cm, and of introduced
ones between 125.5 and 136.3 cm. Blazi¢ [1993] also discussed animal bone
remains from the “Vran;” site from the Roman period and determined that the
withers height of indigenous cows was between 109 and 118 cm, and of intro-
duced ones between 124 and 131 cm.

Blazi¢ [1988] discussed material from the “Gomolava” site from the Early
Iron Age and determined the withers height according to the length of meta-
carpus and metatarsus. The withers height of these domestic cows was 109.8
and 106 cm, which is similar to the height of cows from our research site.

Bokonyi [1988], in the analysis of the osteological material from the “Kala-
kace” site (Beska), a settlement from the Early Iron Age, used the measures of
radius, metacarpus, tibia and metatarsus to calculate the withers height. Based
on the mean length of radius, the calculated height was 116.5 cm, based on the
length of metacarpus it was 116.3 cm, on the length of tibia 107.2 cm, and on
the length of metatarsus 117.9 cm. The withers heights in this period do not sig-
nificantly differ from the withers heights calculated at the “Gornja Suma” site.

Bokonyi [1976] discussed animal bone remains from the site in the south-
ern part of Hungary, which was inhabited by the Sarmatians. Based on his data
on the length of radius, tibia and metatarsus, the following withers heights of
domestic cow were calculated: for radius the height was 115 cm, for tibia 117 cm,
and for metatarsus 122 cm. The above-mentioned sites were dated to the Migra-
tion period. The withers height of domestic cow from these sites is somewhat
larger that the withers height of domestic cow whose remains were found at
the “Gornja Suma” site.

Bartosiewitz [1996] published data on the length of bones from the medi-
eval sites and those from the Ottoman period. The withers height was calculated
according to the length of the long bones (humerus, radius, metacarpus, femur,
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tibia, metatarsus) in the 14th century (118 and 120 cm), in the Late Middle Ages
(119 cm), while the Ottoman period showed increase in the withers height
(between 118 and 165 cm).

Considering the withers height of domestic cow, the osteological mate-
rial from the “Otok™ medieval site in Slovenia [Bartosiewitz 2006] corresponds
with the “Gornja Suma” site. The mean height of domestic cow from this site
was circa 108 cm in layers of unknown date, 106.5 cm in layers from the 12"
century; the lowest specimens were in layers from the 13" century (96 cm),
and the highest ones in layers from the 14" century (117 cm).

Clason [1979] discussed the osteological material from the “Gomolava”
site from the Vinc¢a (Neolithic) and La Tene (Late Iron Age) periods, and de-
termined the withers height between 102 and 125 cm in Vinca, and between
92 and 113 cm in La Téne period. The same author [1980] determined the
withers height of domestic cow from the “Starevo” Neolithic site (Starevo
culture), which was between 120 and 116.4 cm.

Withers Height of Sheep — Ovis aries

In the entire sample from the “Gornja Suma” archaeological site, there
are 17 bone fragments of sheep — Ovis aries with maximum lengths measured
for: 8 calcaneus bones, 3 radius bones, 2 metacarpus bones, 2 astragalus bones,
and one tibia and metatarsus. The withers height was calculated by multiplying
their maximum lengths with the coefficient given by Teichert [1975], and it is
given in Table 3. Teichert gives coefficients for sub-adult and adult individuals.
In order to calculate the withers height based on bones of unknown age, the
mean value of both above-mentioned coefficients was used.

Table 3. Calculated values of the withers height of Ovis aries from the “Gornja Suma”
archaeological site (site no. 47) (expressed in cm)

Bone | N (number of bones) Min—-Max X
Radius 3 62.44-68.57 66.53
Metacarpus 2 57.06—-63.79 60.42
Tibia 1 60.95-60.95 60.95
Astragalus 2 60.23-61.27 60.75
Calcaneus 8 54.12-70.07 62.73
Metatarsus 1 62.38-62.38 62.38
X 62.77

Out of seventeen whole bones from the researched site, eleven are of
unknown age. The remaining six bones belong to individuals of known age,
one bone (metacarpus) belongs to a sub-adult individual, one bone (radius)
belongs to a sub-adult/adult individual, and four bones (three calcaneus bones
and one tibia) belong to adult individuals.
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The withers height of sheep from the “Gornja Suma” archaeological site
is between 54.12 and 70.07 cm, and the mean value is 62.77 cm. The smallest
and largest values are calculated according to the calcaneus length of adult
individuals (Table 3).

As it was already stated, El Susi [2007] analysed the bones of domestic
animals from the Early Neolithic period in the territory of Romanian Banat
and Transylvania. The withers height was calculated according to the length
of scapula, radius, metacarpus and metatarsus bones. In the territory of Banat,
the withers height of sheep was between 56.9 and 60.3 cm (mean value — 58.9
cm), while in the territory of Transylvania, the height was between 48.5 and
65 cm (mean value — 56.7 cm). The above-mentioned values in this period are
somewhat lower in comparison to the values from the “Gornja Suma” site. The
preliminary analysis of sheep bones indicated that these animals were smaller
during the Early Neolithic period, the withers height being 62—65 cm (possibly
of rams). The author stated that the obtained data corresponded with the withers
height of sheep in south-eastern Europe.

Blazi¢ [1992a] analysed fauna remains from the “Donje Branjevine” site
(Deronje) from the Neolithic period and determined withers height of sheep
on the basis of the length of metacarpus. The calculated withers height, accord-
ing to Zalkin method [1960] was 58 cm. The author stated that the calculated
values were somewhat smaller than mean values in this part of the Pannonian
Basin.

Blazi¢ and Radmanovi¢ [2011] discussed the osteological material from
the late Vinca settlements of “Crkvine” and “Belez” (Kolubara basin) from the
Neolithic period and cited Dimitrijevi¢ [2006], according to whom the estimated
withers height of sheep was between 47.8 and 56 cm at the “Vin¢a — Belo Brdo”
site.

Blazi¢ [1992c] calculated the withers height of sheep from the “Bregovi
— Atovac” site (Kuzmin) from the Early Iron Age using Zalkin method [1960)].
Based on the longest length of metacarpus, the withers height was 65 cm, and
based on the longest length of metatarsus it was 70 cm. In this paper, the author
cited Bokonyi [1974], according to whom the withers height of sheep from the
Neolithic was between 57 and 60 cm, and from the Eneolithic (Copper Age)
between 57 and 74 cm.

Blazi¢ [1988] analysed the osteological material from the “Gomolava” site
from the Late Iron Age, and based on the length of metacarpus, determined
the withers height of sheep to be 57.3 cm. In 2010, the same author estimated
the withers height of sheep on the basis of three whole metatarsus bones, one
metacarpus bone and one calcaneus bone of sheep from the “Asfaltna Baza”
site, also from the Early Iron Age, and it was between 52.47 and 60.1 cm (mean
value 56.9 cm).

Bokonyi [1988] calculated the withers height of sheep from the “Kalakaca”
site (settlement from the Early Iron Age) according to the length of metacarpus
and using the Zalkin method [1960]. He came to the conclusion that it was
between 56.62 and 60.61 cm, and that it corresponded to the mean height of
this animal from the Carpathian basin in the above-mentioned period.
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Bokonyi [1981] also analysed material from the Early Iron Age in the
territory of ex-Yugoslavia Danube basin, and stated that the withers height of
one individual sheep from the “Gradina” site (VaSica) was 62.71 cm, which is
similar to the mean height of sheep from the “Gornja Suma” site.

Blazi¢ [2005 b] analysed the osteological material from the “Kale” site
(Krsevica) from the Late Iron Age, and used measures of whole metacarpus,
metatarsus and radius bones of adult individuals for calculating the withers
height. Based on the length of these bones, the calculated mean value of the
withers height was 62.21 cm, which is similar to values obtained from the
“Gornja Suma” site. The author cited Bokonyi [1974], according to whom the
mean withers height of metacarpal bone from the Iron Age in Central and
Eastern Europe was 57.5 cm, and of metatarsal bone 61 cm.

Blazi¢ [1992 b] stated that the withers height of sheep in the Iron Age was
between 51 and 69 cm, on the basis of ten analysed sites in Vojvodina.

Blazi¢ [1993] also analysed animal remains from the “Vranj” site from
the Roman period, and on the basis of the whole metacarpus and metatarsus
bones estimated that the withers height of sheep was between 51.2 and 73.3 cm.

Nedeljkovi¢ [2008] analysed fauna remains from the “Sirmium 85 site
and stated that the mean withers height of sheep from the Roman period was
60.79 cm. These data were based on the length of whole metacarpus, metatar-
sus and radius bones. The author cited Bokonyi [1982], who stated that the new,
higher races of sheep, which replaced the indigenous populations in the Roman
period, most likely originated from Greece. Nedeljkovi¢ [2008] also cited
Bokonyi [1984], who stated that the difference in the withers height of Roman
races can be up to 10 cm when comgared to the indigenous specimens. Sheep
bone fragments from the 5 and 6 centuries (Migration period) were also
found at the “Sirmium 85” site. Two whole metacarpal bones indicated the
withers height of 59.83 cm, and one metatarsal bone the height of 61.54 cm.
The mean value of 60.68 cm deviates insignificantly from the mean value of
the withers height of Avar sheep that is up to 60 cm. Osteological material
originating from the period between the 16 and 18" centuries was also found
at the “Sirmium 85” site. The withers height was calculated according to the
two whole metacarpal bones of adult sheep, and it was 70.65 cm and 63.74 cm,
and the withers height based on tibia was 67.45 cm. The mean height of sheep
in the Middle Age was 67.28 cm, based on this sample. The values from the
“Gornja Suma” site are somewhat lower when compared to the above-men-
tioned data from the “Sirmium 85 site.

Blazi¢ [1999] analysed the osteological material from the “Ras-Gradina”
medieval site, and calculated the withers height of sheep according to the long
bones (metacarpus, metatarsus and radius) and using the coefficients given by
Teichert [1975]. The calculated withers height based on metacarpus length was
between 58.56 and 69.29 cm, based on metatarsus length between 57.3 and
69.16 cm, and based on radius length between 52.8 and 58.4 cm. The mean
value of the withers height calculated according to the length of metacarpus
and metatarsus was 62.58 cm, which corresponds to the values obtained from
the “Gornja Suma” site. The author stated that sheep reached the lowest withers

121



height in the Middle Ages, after the Copper Age. The withers height of domestic
races was decreasing during the Migration period and wars, when almost all
results of selection and development from the Roman period were destroyed.
The mean height decreased by circa 5 cm when compared to the Roman pe-
riod and it is between 51 and 64 cm in the Central and Eastern Europe [Bokonyi
1974].

Bartosiewitcz [1996] published data on the length of sheep bones from
the medieval sites and those from the Ottoman period in Hungary. The withers
height was calculated according to the length of metacarpus and metatarsus
bones and it was between 55.2 and 71.7 cm in the 14th century, and between
63 and 74.5 cm in the late Middle Ages. The withers height of sheep in the
Ottoman period was calculated according to metacarpus length and it was
between 57.4 and 71.1 cm.

CONCLUSION

Osteological material was collected at the “Gornja Suma” medieval site
(site no. 47), located in the territory of Novi Sad, in spring 2012.

Domestic pig Sus scrofa domestica dominates in this material, which is
unusual because pork was used less in diet during the Middle Ages due to
religious reasons.

The withers height of pig — Sus scrofa domestica was calculated according
to the length of whole femur and tibia bones and it was 69.9 cm and 82.1 cm
respectively, which corresponds with the data from the Middle Ages.

The withers height of domestic cow — Bos taurus was calculated accord-
ing to the length of one tibia and three metatarsus bones given by various
authors [Boessneck 1956; Zalkin 1960; Matolcsi 1970]. The estimated withers
height was between 102.8 and 116.8 cm, which corresponds with the general
picture of small medieval cows.

The withers height of sheep — Ovis aries was calculated according to the
length of 8 calcaneus, 3 radius, 2 metacarpus, 2 astragalus, one tibia and one
metatarsal bones given by Teichert [1975], and it was between 54.12 and 70.07
cm, while mean value was 62.77 cm. Mean value of the withers height of sheep
from the “Gornja Suma” site either corresponds with or is slightly smaller than
the values from the archaeological sites from the same period in Serbia and
Hungary.
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BUCHUHA I'PEBEHA CBUE — Sus scrofa domestica L. 1758,
T'OBEYETA — Bos taurus L. 1758 1 OBLIE — Ovis aries L. 1758
CA APXEOJIOIIKOI JIOKAJIUTETA ,OPBA IIYMA” (HOBU CA )

Hapxo IT. PATMAHOBHR’, z; canxa C. KOCTU'R?,
Iywanxa JI. BECEJTUHOB’, Jenena 3. JIVJUR?

! Mysej Bojsonune,
Jynascka 35-37, 21000 Hosu Can, Cpouja
? Vuusepsurer y Hosom Cany, [TpupojHo-MaTeMaTH4KH GaKyTer,
JemnapTman 3a OMOJIOTH]y U €KOJIOTH]Y,
Tpr Jocuteja O6pamosuha 2, 21000 Hosu Cax, Cpouja
3 3aBoj 3a 3amTUTY ciomenuka Kyntype I'pana Hosor Cana,
Bynesap Muxajna [Tynuna 22, 21000 Hosu Can, Cpouja
* MakynTeT 32 MOJLONPUBPE/Y U 3AIITUTY KUBOTHE CPEUHE,
YuausepsureT ,,CeHnT MmTBan®,
[Marep Kaposs 1, H-2103 I'eneune, Mahapcxa

PE3UME: Ca cpenmboBeKOBHOT JIOKAIUTETA ,,] Opmha nryma’” (JIokaiautet Op. 47)
Koju ce Haa3u y atapy Hoeor Cana, y mposehe 2012. ronnHe cakyIbeH je 0CTEOoOII-
KM Marepujaj. ¥ OBOM Marepujaiy JOMHHHpaa je romaha cButba Sus scrofa domestica
LITO je HEOOUYHO jep je Ce CBHIbCKO MECO TOKOM CPE/IEOBEKOBHOT [IEPHO/IA U3 Peli-
THO3HHX pasiiora Mame KOPUCTHIIO Y UCXpaHU. Ha OCHOBY Ay’KHMHE LENUX KOCTH]Y
(demypa u THOUje, U3padyHara je BUCHHA rpedeHa cBUH-€ — Sus scrofa domestica xoja
je m3Hocuna 69,9 cm, ogHocHo 82,1 cm, mMTO ce yKJamna y JIMTepaTypHe MOoAaTKe U3
CPEAHOBEKOBHOT MIEPUOA.

Ha ocHoBy ny>xuHe jenHe tibia-e u Tpu metatarsus-a u3padyHarta je BUCHHA Tpe-
OeHa roBeaa — Bos taurus npeMa pa3nuauTuM aytopuma [Boessneck 1956; Zalkin
1960; Matolcsi 1970]. Ilpouemena Bucuna rpedena nznocu uzmely 102,8 n 116,8 cm,
IITO OJITOBApa OIIITOj CIUIU MallUX CPEIHOBEKOBHUX [OBE/IA.

Ha ocHoBy nyxmuHe ocam calcaneus-a, Tpu pajmjyca, 1Ba metacarpus-a, Ba astra-
galus-a, jeqne tibia-e u jenne metatarzal-ue koctu oBue — Ovis aries npema Teichert-y
[1975] n3pauyHara je BucHHa rpedeHa koja ce kperana msmehy 54,12 u 70,07 cm, a cpenma
BpeIHOCT u3HOCHa je 62,77 cm. [Ipoceuna BpeTHOCT BUCHHE TpedeHa OBIIE Ca JIOKaJIH-
TeTa ,,l opma nryma’” yKiamna ce WIH je HEITO HUKa Y OTHOCY Ha U3padyHaTe BPEAHO-
CTH Ca apXeoJIOIIKOr JIOKAJIUTETa UCTOT JaToBama ca noapydja Cpouje u Mahapcke.

KJbYUHE PEUU: Bucuna rpebena, Sus scrofa domestica, Bos taurus, Ovis aries,
apXEOJIOIIKHU JOKAJIUTET ,,[ opma myma”
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AN EXAMPLE OF DIFFERENT AHP STRUCTURING
IN A FOREST MANAGEMENT PROBLEM

ABSTRACT: The paper investigates how different hierarchy structuring in analytic
hierarchy process (AHP) may affect the final results in the decision-making process. This
problem is analyzed in a case study of the Rila monastery forest stands in Bulgaria. There
were three similar and mutually overlapped hierarchies defined. A decision maker evalu-
ated all of them and after analyzing final results and consistency performance, he selected
and revised the most appropriate hierarchy structure. Consistency check assisted in detect-
ing the judgments which have strongly violated evaluation procedure. These mistakes are
interpreted as a consequence of a large number of required pair-wise comparisons. The
paper emphases the importance of properly defining hierarchy structure and recommends
using consistency analysis as a guide and not as a directive for the revision of judgments.

KEYWORDS: analytic hierarchy process, Rila monastery forest, hierarchy structures,
consistency parameters

INTRODUCTION

Analytic hierarchy process (AHP) [Saaty 1980] is widely used in forestry
decision making [Balteiro and Carlos 2008; Samari et al., 2012]. Usually, a
single hierarchy structure is defined and the goal is to obtain the final decision
[Leskinen and Kangas 1998; Coulter et el., 2006; Srdjevic et al., 2013]. In this
paper, the aim is different; the focus is to address the problem of different
hierarchy structuring and to analyze its influence on the final results. A real
case study from the Rila monastery forest, Bulgaria, is used in this research.
Chief forest manager (the third author of the paper) identified decision elements,
defined problem structures — hierarchies and performed required pair-wise
comparisons, expressing in this way his judgments about mutual importance
of elements at given level versus elements in the upper level. The decision

* Corresponding author E-mail: milenal@polj.uns.ac.rs
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maker was faced with AHP methodology for the first time, while other authors
regularly use AHP in their research and they were in charge for processing
decision maker’s evaluations. Hierarchy structures, developed by decision
maker, were mutually overlapping to a major extent, i.e. they were considering
the same goal, criteria, sub-criteria and alternatives sets, but these hierarchy
elements were differently organized and not all levels were considered every
time. There were three hierarchies defined: a three-level hierarchy with three
criteria, a four-level hierarchy with three criteria and six sub-criteria, and a three-
-level hierarchy with six criteria. The goal and alternatives were always the same.
The goal was stated as assessing forest stands’ functionality in the Rila mon-
astery forest. Along with recognition of the most effective stand in this regard,
the obtained results should be a baseline for planning of allocation of future
investments for four selected forest stands. In order to check the reliability of
performed evaluations, consistency parameters were calculated for each matrix
and for the hierarchies as a whole.

The research shows the major obstacles during the decision-making process.
Conclusions delivered should be a guideline for defining hierarchy structures
in AHP and they should improve its real life applications in forestry. General
recommendation would be to define and evaluate several mutually overlapped
hierarchy structures and to analyze which one is the most appropriate for the
stated decision-making problem. Analysis can be guided by decision maker’s
personal opinion and expertise, but also by performing a consistency check
for each matrix of comparison. Besides checking the parameter CR (consist-
ency ratio), it is strongly recommended to check parameters MV (minimum
violation), ED (Euclidean distance) and CM (consistency measure) because
they provide closer insight of the matrix evaluation. By taking into account
the consistency performance and professional opinion, the decision maker can
choose the most appropriate hierarchy structure and recheck his evaluations
in order to conduct a reliable decision.

METHODS

AHP requires a well-structured problem, represented as a hierarchy. At
its top is a goal; the lower levels moving downward contain criteria and sub-
criteria, while the alternatives lie at the bottom level. The decision making
process involves the evaluation of criteria, sub-criteria and alternatives in
pair-wise manner, always with respect to the superior elements in the hierarchy.
Comparisons of all elements in the hierarchy (criteria with respect to a goal,
sub-criteria with respect to criteria, and alternatives with respect to sub-crite-
ria) are made by using an appropriate ratio scale. Although several well-known
scales are in use, the one known as the Saaty’s scale [Saaty 1980] is most com-
monly used and referenced as the fundamental ratio scale.

Comparisons of elements in a certain level of a hierarchy with respect to a
certain element in a higher level are made by filling the upper triangle of the sym-
metric positive reciprocal matrix A4(a;) with numeric values from Saaty’s scale.
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The reciprocals of values from the upper triangle are inserted automatically
into the lower triangle of the matrix. Values 1 are posted on the main diagonal.

1 a@yp .« Bin
By 1 .+ Hm
a=| . . )
1
Gny 1

The vectors of weights (w) of compared elements (with respect to supe-
rior element in a hierarchy) are extracted by the so-called prioritization meth-
od from the comparison matrix 4. The procedure is identical in all nodes of a
hierarchy, and matrices and belonging vectors are treated as local. In this paper,
eigenvector method was used for calculating local priorities:

Aw=Iw, eT=1 )
where: w is the priority vector and / is the principal eigenvalue of matrix A.

At the end, synthesis consists of obtaining the overall priority vector of al-
ternatives with respect to a goal by multiplying local priority vectors of alternatives
by the priority of their parent nodes and adding for all such nodes [Saaty 2008].

Consistency parameters

In the paper, four parameters were used for the consistency check. The
parameter CM was calculated for each matrix separately, while parameters
CR, ED and MV were calculated for each matrix and for the entire hierarchies.

Consistency ratio (CR) is the most widely used consistency parameter. It
is associated with eigenvector method and has a defined threshold value of 0.1.
The procedure for calculating the value is defined by Saaty [1980].

The Euclidean distance (ED) is a common measure of consistency con-
tained in matrix of comparison. It shows overall distance between all the judg-
ment elements in the comparison matrix and associated ratios of the weights
from the derived vector w [Srdjevic 2005].

1/2
ZZ(% wifw;) l ij=1,2,..m %)

ll_|

['l'.l

The minimum violation (M} sums up all violations related to the com-
puted priority vector w and is calculated as (Golany and Kress, 1993):

MV = ZZI” ij=12,..n Q)

i=1j=
where the rule for obtaining violations /;; is
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0 otherwise

The consistency measure (CM) is related to a single comparison matrix
and shows how strongly evaluations within matrix violate transitivity rule
(Koczkodaj, 1993):

ac
, |1——} for each triad (&, b, c) in A} ©6)

CM(4A) = max Im[n{ 5

b
1 [
ac
Number of possible triads (judgments interrelated by transitivity rule) in nxn

size matrix A4 is equal to m [Duszak and Koczkodaj 1994; Bozoki and
Rapcsak 2008]. '

Case study description

Selected case study is located in the Rila monastery forest, in the south
west of Bulgaria. Forest stands evaluated within AHP framework are labeled
as: 1021b, 1023a, 1024g and 1024z. They are situated along an asphalt road
with an easy access for tourists and harvesting teams. This was done deliber-
ately to give the stands equal starting point. The stands area varies from 10 to
25 ha. A brief description of selected forest stands is presented in Table 1.

Table 1. Brief description of forest stands in the Rila monastery forest, southwestern
Bulgaria

Stand Ne Area Species Age of main Altitude, Growing stock,
[ha] composition  canopy, [years] [m] a.s.1. [m*/ha]
1021b 15.4 Beech 10 160 1250 224
1023a 23.6 Fir 5 100 1400 476
Spruce 1
Scots pine 1
Beech 3
1024¢g 10.3 Fir 7 170 1450 239
Spruce 2
Beech 1 150
1024z 24.7 Beech 7 80 1500 297
Fir 2 100
Spruce 1

Due to AHP requirements, decision-making problem is structured as
hierarchies and there were three hierarchy structures defined (Figure 1). Two
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hierarchies have three level structures (Figure la and Ic), and the remaining
is a four-level hierarchy (Figure 1b). As Figure 1 shows, criteria in structure (a)
are divided into sub-criteria in structure (b). After that, sub-criteria in hierarchy
structure (b) are turned into criteria in hierarchy structure (c); while the criteria
set from structure (b) is neglected when defining structure (c). This way, three
hierarchies that are overlapping to a major extent are considered.

©

Figure 1. Hierarchy structures

Table 2. Hierarchy elements (Description of the elements presented in Figure 1.)

Link to superior

Hierarchy level Definition Label
element(s)
Goal Assessing forest stands’ functionality G —
Environmental C
Criteria Social C, G
Economic Cs
Biodiversity S; C,
Age of main canopy S, C
L Recreation potential Ss C,
Sub-criteria Park infrastructure Sy C,
Harvesting costs Ss Cs
Timber value Se G
Forest stand Ne 1021b A
. Forest stand Ne 1023a A,
Alternatives Forest stand Ne 1024¢g A € G G
Forest stand Ne 1024z Ay
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Presented hierarchies were defined and evaluated by the chief forest man-
ager of the Rila monastery forest who holds a Ph.D. in forestry sciences. The
evaluations were done consequently. The pauses between evaluations of hier-
archies lasted three days each. After performing all evaluations, decision
maker analyzed all of them in order to identify the most suitable one.

RESULTS AND DISSCUSSION

The decision maker defined and evaluated three defined hierarchy struc-
tures (Figure 1). Number of pair-wise comparisons varied; there were 21 pair-wise
comparisons for hierarchy (a), 42 for hierarchy (b) and 51 for hierarchy (c). When
the number of pair-wise comparisons gets larger, the evaluation becomes more
challenging. If a decision maker encounters AHP methodology for the first time,
like in this research, evaluation of a large number of pair-wise comparisons can
be tiresome. Checking consistency parameters is in that case especially useful,
because it helps in detecting possible misjudgments.

The procedure for AHP calculation was as follows: each hierarchy pair-wise
comparison at all nodal points was subjected to the eigenvector method to
obtain local weights of corresponding decision elements, and then standard AHP
synthesis was performed to obtain global (overall) weights of alternatives versus
goal (Table 3). Interpretation of the results in Table 3 shows that the alternative
weights differ for different hierarchy structures, but that the final ranking is
the same.

Table 3. Overall weights

Overall weights # and ranks

Alternatives

Structure (a) Structure (b) Structure (c)
1021b 0.197 (2) 0.240 (2) 0.187 (2)
1023a 0.082 (4) 0.083 (4) 0.107 (4)
1024¢g 0.590 (1) 0.572 (1) 0.569 (1)
1024z 0.131 (3) 0.105 (3) 0.137 (3)

Table 4 shows the consistency parameters for analyzed hierarchy struc-
tures. Based on the results presented in this table, it can be concluded that
evaluation of the structure (a) was the most consistent (values of CR, ED and
MYV parameters are the smallest). Evaluation of the structure (c) was the least
consistent and in this evaluation overall CR parameter exceeded the threshold
value of 0.1 [see Zeshui 2004; Coulter et el., 2006]. These results are expected;
the consistency was decreasing as there were more pair-wise comparisons to
perform.
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Table 4. Overall consistency parameters

Value
Parameter
Structure (a) Structure (b) Structure (c)
CR 0.042 0.080 0.151
ED 12.29 34.17 42.84
MV 2.0 3.0 5.0

When the results were obtained, the decision maker was asked to select
the most appropriate hierarchy structure. Based on his opinion, that is hierar-
chy (c). Since consistency performance for the hierarchy (c) was not within
acceptable limits (CR>0.1), the whole hierarchy evaluation was again shown
to the decision maker and it was accompanied with data regarding consistency
parameters, local and overall weights. According to his personal opinion, he
had an equal right to keep his previous evaluations or to modify them. Table 5
which was shown to the decision maker, represents local consistency parameters
for hierarchy structure (c).

Table 5. Local consistency parameters — structure (c)

Consistency parameters

Matrix

CR ED MV CM
Gvs. S 0.144 11.21 1.0 0.96
A vs. S 0.222 3.81 1.0 0.89
Avs. S, 0.040 2.74 1.0 0.44
A'vs. S3 0.122 6.28 0.0 0.80
Avs. S, 0.073 6.35 1.0 0.74
A vs. Ss 0.110 4.65 1.0 0.67
A vs. S¢ 0.184 7.80 0.0 0.80

The decision maker revised his previous comparisons and decided to re-
evaluate following matrices: matrix of comparison of alternatives with respect
to sub-criteria S; (Figure 2a) and matrix of comparison of alternatives with
respect to sub-criteria Sq (Figure 3a). These matrices had the lowest consist-
ency performance (Table 5). By analyzing consistency parameters in detailed
inspection, the decision maker concluded that he violated the rank of elements
in both matrices (Figure 2 and 3). This mistake can be related to a large num-
ber of pair-wise comparisons that decision maker was supposed to do for the
first time. Revised, modified matrices are shown in Figure 2b and 3b.
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S Ay Ar Az Ay S A Ar A; Ay
A 1 3 173 173 A 1 3 1/3 3
A, 1 173 1 A, 1 1/3 2
A; 1 5 As 1 5
A, 1 Ay 1
Figure 2a. Original matrix of comparison of Figure 2b. Revised matrix of comparison of
alternatives with respect to sub-criteria S, alternatives with respect to sub-criteria S,
hierarchy (c) hierarchy (c)
Ss A A, Ay Ay Ss A, A, Ay S,
A 1 1/3 1/7 5 A 1 3 1/7 5
A, 1 1/7 3 A, 1 1/7 3
A, 1 7 A; 1 7
Ay 1 Ay 1
Figure 3a. Original matrix of comparison of Figure 3b. Revised matrix of comparison of
alternatives with respect to sub-criteria Sg, alternatives with respect to sub-criteria Sg,
hierarchy (c) hierarchy (c)
Figure 2. and Figure 3.

Revised comparison matrices were included in the structure (c), by taking
the place of original ones. Re-calculated overall priorities presented in Table 6
are considered as final. As Table 6 shows, revision led to changes in both overall
weights and the final ranking of alternatives. Presented results express relative
functionality of forest stands in the Rila monastery forest and they can be a good
starting point for future allocation of investments. In that regard, it is especially
important to state properly the rank along with overall weights of alternatives.

Table 6. Overall weights and ranks — final results

Overall weights 7 and rank

Alternatives
Structure (c), original Structure (c), revised
1021b 0.187 (2) 0.243 (2)
1023a 0.107 (4) 0.110 (3)
1024¢g 0.569 (1) 0.570 (1)
1024z 0.137 (3) 0.076 (4)

Table 7 shows consistency check for the revised structure (c). Based on
all parameters’ values in Table 7, it can be concluded that revised structure (c)
has a better consistency than the original one. Also, overall CR parameter is
minorly exceeding the threshold value of 0.1 which means that matrix re-
evaluation contributed in reaching more acceptable consistency of evaluation.
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Table 7. Overall consistency parameters — final results

Value
Parameter
Structure (c), original Structure (c), revised
CR 0.151 0.112
ED 42.84 41.22
MV 5.0 4.0

It is worthy to mention that the similar procedure can be repeated even if
the other prioritization methods are applied. In that case, ED, MV and CM
parameters can be used again, while CR parameter should be replaced by cor-
responding ones, depending on a method used [Aguaron et al., 2003; Srdjevic
2005]. Nevertheless, there are numerous high-quality methods that provide
reaching acceptable consistency by direct changing of inconsistent judgments
without decision maker’s interference [Zeshui 2004; Bagla et al., 2013; Jandova
and Talasova 2013; Jalao et al., 2014]. The proposal is to let the decision maker
perform the changes by him/herself.

CONCLUSION

AHP is one of the most commonly used decision-making tools in forestry.
For a successful AHP application, it is essential to properly define a decision-
-making problem. This research shows an example on how different hierarchy
structuring alters the final results, even when the hierarchies are similar and
mutually overlapped. Analyses of the obtained results have shown that a large
number of pair-wise comparisons can be tiresome for a decision-maker, espe-
cially if he/she is dealing with the AHP for the first time. Due to various reasons
during the decision-making process misjudgments might occur. A possible way
to detect wrong judgments is to check the consistency of decision maker by
calculating specific consistency indicators such as CR, ED, MV and CM. Con-
sistency check should point out which matrices (and even pair-wise comparisons)
should be revised from the theoretical point of view. Sometimes, consistency
can be promoted by fine tuning of judgments, but the proposal is to use consist-
ency parameters to check if the consistency was strongly violated (by violating
the rank of elements and so on), and to revise these judgments more closely.
In order to avoid perfectly consistent matrices without a real decision maker’s
opinion and expertise, a decision maker should have equal right to keep or to
modify inconsistent matrices and judgments. In that regard, consistency check
should offer a proposition, but not a directive on the judgments’ revision.
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[NPUMEP PA3JIMYUTOI' CTPYKTYHUPABA AXITI XUJEPAPXNIJE
3A PEHLIABAIGE ITPOBJIEMA V VIIPABJBABY ITYMAMA
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PE3UME: Pan ananusupa mpuMep pa3indauTor CTPYKTyUpamba mpodiaemMa oIy dn-
Bamba Y AHAJIMTUYKOM XHjEPAPXHU]CKOM IPOLECY U HErOB yTHIIAj HA KOHAYHE pe3yJITare.
[Ipobiem je mpukas3aH Ha CTYAMjU clydaja MaHacTUpcke myme Cetor JoBana Pusickor y
Byrapckoj. JloHocunar omyka gehuHICAO je U BPETHOBAO TPU XUjepapXuje Oy YnBaba.
Ha ocHoBy ananu3ze 1o0MjeHUX pe3yiTara u napaMmeTapa KOH3UCTEHTHOCTH, JJOHOCHJIAIL
oTyKa 0f1abpao je jeHy Xujepapxujy 1 3a by U3BPILIHO ITPOBEPY CBUX BpeaHOBama. [1a-
paMeTpH KOH3UCTEHTHOCTH Cy CITYKHIIH 32 IIPENO3HABAE BPSAHOBAA Koja Cy HapyIla-
BaJjia IOCJICINHOCT Y MPOLIeCY O/uTyYnBama. [IpeTnocraBka je aa je 10 HaBeACHUX OACTY-
nmama JIonuIo ycien Beher 6poja mopehema Koje je JOHOCHIIAIL OITyKa 00aBHO TPUITUKOM
npumere AXII merona. Pag nctude 3Havaj mpaBuiHor nedpuHucama AXII xujepapxuje
U [Iperopydyje Aa ce napaMeTpu KOH3UCTEHTHOCTH KOPUCTE CaMO Kao Ipernopyka 3a
HAaKHa/HY IIPOBEPY BPEIHOBAbA O YeMY CC KOHAYHO H3jalliibaBa JOHOCHIIALl OUTyKa.

KJbYUHE PEUU: Ananutuuku XI/I_]epapXI/I_]CKI/I Tpoliec, MaHacTUpcKa mryma Ceror
JoBana Puuickor, CTpyKTypupame Xujepapxuje, mapamMeTpyu KOH3UCTEHTHOCTH

137






BOOK REVIEW /TIPUKA3 KIbUT'E

UDC 598.2(497.11)(049.32)
DOI: 000

Marko Séiban, Drazenko Rajkovi¢, Dimitrije Radisi¢, Voislav Vasi¢ & Uro§ Pantovi¢
(2015): Himuye Cpobuje — kpuiuuuku ciiucax epciua : Birds of Serbia — critical list of species.

The Institute for Nature Conservation of Vojvodina Province and the Bird Protection and
Study Society of Serbia, Novi Sad. ISBN 978-86-915199-6-4. p. 194. Available from publish-
ers after ordering. E-mail for ordering: sekretar@pticesrbije.rs; info@pzzp.rs

Ornithologists in Serbia finally have a complete
updated list of birds registered in their country! This
definitely can be concluded after reading this book.
There have been several attempts so far at making the
complete lists (sometimes called catalogs) of birds
occurring in the territory of today’s Republic of Ser-
bia, starting from Matvejev’s Ornithogeographia
Serbica (1950), followed by Catalogus Faunae Yugo-
slaviae (Matvejev and Vasi¢, 1973), to Vasi¢’s chapter
on birds diversity in a monograph titled Biodiversity
of Yugoslavia (1995). Quite intensive ornithological
field research works were done in the periods between
publishing these publications, mainly by ornitholo-
gists from the Bird Protection and Study Society of
Serbia (BPSSS) and the Institute for Nature Conser-
vation of Vojvodina Province (co-publishers of this
book), but also by other Serbian ornithologists. Results
are extensively published, mainly in Ciconia, the only
Serbian ornithological journal.

One of the main principles applied in this book is
a critical analysis of a quite large set of available data.
This principle includes several criteria that were not
used in previous lists/catalogs. The inventory was
made on the basis of the existing published and un-
published data, stored within BPSSS’s database, but also according to the data obtained by detailed
search through bird collections in museums and private collections. References are ranging back
to the early 17" century, the time when the first reliable data on birds occurring in today’s Serbia were
published. Some of the previously widely accepted data are rejected after extensive discussions
within the team of authors, which included some species considered to be breeders, but whose breeding
was inadequately or wrongly documented. Final inventory contains Serbian and scientific names,
occurrence and breeding categories (internationally standardized) and a condensed description of
the main elements of species’ ecology: hystorical and current occurrence, distribution in Serbia, and
habitats. The text is in Serbian with English abstracts (for each species). Inadequately documented
species are listed separately, but these data are not considered less valuable.

Serbian ornithologists can have certain difficulties with scientific bird names. The simple
reason for this is that names used in this book are new and follow official scientific bird names used
since 2015 by BirdLife International, a leading global partnership of bird conservation organizations.

[TTULIE CPBUJE

KPUTUYKM CTTMCAK BPCTA
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These names reflect the most recent nomenclature changes based on results of phylogenetic research,
and relatively conservative Serbian ornithologists (at least regarding this issue) have a serious task
to remember and use them from now on. This is at least an intention of this book — to become a
standard for scientific and also popular use, considering that a presumed majority of its readers
are not academic scientists.

The size of this inventory demonstrates current capacities of ornitology in Serbia. It is expected
that this branch of zoology will continue to be very dynamic, and this book will certainly give its
valuable contribution to this dynamic. It is also expected that Serbian scientists, bird conservationists,
decision makers and interested public will use it and update it more regularly, and that publishing
of the so called ,,bird nomenclators™ will become more regular. Let us also hope that critical attitute
in presentation of ornithological knowledge in Serbia will continue to be deliberately applied.

Marko Tucakov
Secretary of the Bird Protection and Study Society of Serbia
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INSTRUCTION TO AUTHORS
(www.maticasrpska.org.rs)

This version of Instruction to Authors is valid starting from the year 2012
and the volume number 122

1. General remarks

1.1. Matica Srpska Journal for Natural Sciences (short title: Matica Srpska
J. Nat. Sci.) publishes manuscripts and review articles as well as brief commu-
nications from all scientific fields as referred to in the title of the journal. Review
articles are published only when solicited by the editorial board of the journal.
Manuscripts that have already been published in extenso or in parts or have been
submitted for publication to other journal will not be accepted. The journal is
issued twice a year.

1.2. The manuscripts should be written in correct English language regard-
ing 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 Times 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,
Introduction, Material or Methods, or Material and Methods, Results or Results
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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 manu-
script, Conclusion, and References; submit Summary and Key Words in Ser-
bian 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:

(@) 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 [P (2011):
Title of the pertinent part from the book. In: Last name CA, last name I[F
(eds.), Title of the book, Vol.4, Publisher, City

(c) Books: Last name VG, Last name CS (2009): Title of the cited book.
Publisher, City

142



(d) Dissertations: Last name VA (2009): Title of the thesis. Doctoral disserta-
tion, 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 /talics 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 pre-
pared 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.

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.
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9. Electronic copy of the article

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

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

1. Onmre HanoMmeHe

1.1 36opuuk Marurie cpricke 3a mpupoiae Hayke / Matica Srpska Journal
for Natural Sciences (ckpahenu nacnoB: Matica Srpska J. Nat. Sci.) 06jaBibyje
OpHUTHMHAJHE HAay4HE PaJOBE U MpErJieHe YIaHKE Ka0 M KPaTKa CaONIITeHa
13 cBHX 00JacTH Koje oO0yxBaTa Ha3uB yaconuca. [Ipernegnu panosu ce
00jaBJbyjy camo Ha MO3uB penakiyje. Pagou koju cy Beh 00jaB/beHN y LIETOCTH
WU y Je0BMMA WU Cy MOHYheHW ApyroMm 4yacomwcy HEe MOry OUTH
npuxBahenu. Yacomnmc o0jaBibyje ABa Opoja TOAHIILE.

1.2. IlpuxBaTajy ce pyKOIHcH MMCAHU HA CHIJIECKOM je3UKY. Je3uk Mopa
OWTH MCIIpaBaH y MoIJieay I'paMaTHKe U CTUIIa. PyKoruc ce 1ocTaBiba eneKTpoH-
CKOM IIOIITOM Kao rnoce0aH IoOKyMeHaT Ha azpecy: vnikolic@maticasrpska.org.rs,
y3 00aBe3Hy MOTIHUCAHY M3jaBy ayTOpa y BE3U ca MPUjaBOM paja 3a IITaMITy.

1.3. Tlo mpumamy pykomnuca, aytop he nobutu mudpy cBor pana, Kojy
Tpeba yBeK HAaBOAMTH Y J]aJb0j MPENUCIH. YPeTHUIITBO he 00aBeCTUTH ayTopa
o npucnehy pykonuca y poky ol cenam JaHa, a O MUILbEHY pPeleH3eHaTa y
POKY ox J1Ba Mecela of npujema. CBaku pajl ce peeH3upa 1 JEKTOPHILIE.

2. Ilpunpema pykomnuca

2.1. TexcT paja nuuie ce eneKTpoHCKH Ha cTpanu A4 (21x29,5 cm), ¢ map-
ruHaMa of 2,5 cm, yBiauemheM MPBOT pelia HOBOT 1acyca, ¥ pa3MakoM Mehy
penoBuMa 1,5. Tekcr Tpeba mucat y pouty Times New Roman ciioBuMa BeJH-
yuHe 12 a caxeTak, KJby4HE peyH, pe3uMe U MOJHOXKHE HAIIOMEHE CIIOBUMa
BenuunHe 10 pt.

2.2. HaBoge ce nme, cpeame CI0OBO M MPE3UME CBUX ayTopa paja Kao u
Ha3WB ycTaHoBe (0e3 ckpaheHuIa) y K0joj Cy ayTOpH 3aroCiieHH, 3ajeHO ca
ITyHOM ITOIITAHCKOM aJIpecoM. Y CIIOKEHUM OpraHu3alyjama HaBOIM e yKYTTHA
xujepapxuja (Ha mpumep: YHusep3utet y HoBom Cany, [IpupogHomareMaTniku
¢dakynrer — JlenapTMaH 3a OMOJIOTH]Y B €KOJIOTH]Y). MecTo 3amociiema HaBOAH
ce HEMOCPEIHO UCTIo MMeHa ayTopa. OyHKIIH]je 1 3Bama ayTopa ce He HaBOJIE.
AKo je ayTopa BuIlle, MOpa ce, TOCeOHUM O3HaKaMa, Ha3HAYUTH U3 KOje O]
HaBeJICHNX YCTAHOBA IMOTHYE CBAaKM O]l HaBeleHUX ayTopa. KoHTakT anpeca
ayTopa (IOoIITaHCKa UIM €JIeKTPOHCKA) /1aje ce Y HAllOMEHH IIPU JIHY IpPBe
CTpaHUIle YWIaHKa. AKO je ayTopa BHIIIE, ]aje Ce caMo aJpeca jeTHOT, 0OMIHO
MIPBOT ayTopa.

2.3. Pykonuc opuruHaIHOT Hay4HOT paja Tpeda noaenuTu Ha: CaxkeTak,
Kibyune peun, YBoa, Marepujan nim Meton niu Marepujan u meton, Pesynratu
nnu Pesynraru u guckycuja, Juckycuja, 3akspydak, Jlureparypa, Caxerax
u KipyuHe peun Ha CpIicCKOM je3uKy U 3aXBaJHOCT (YKOJIMKO 32 TO MOCTOjU
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norpeba). OpurnHaTHN HAYYHH PaJOBU HE cMejy Outh nysxu ox 10 crpaHa,
yKJbyuyjyhu muteparypy, Tabene, JereHe U CIHKe.

2.4. Hacnos pana tpeba na Oyae nHPOpMaTUBaH, alli HE Ty>KH Of AeCeT
peun. Y HMHTEpeCy je Jacomuca 1 ayTopa J1a ce KOPHCTe PeyH IMPUKJIATHE 32
HHJIEKCHUPAbe U MPETPaKUBAE.

2.5. Ayropu Tpeba 1a foctaBe U TeKyhu HAacioB Koju Tpeba 1a caapxu
npe3umMe u I/IHI/ILII/I_]aJ'Ie NPBOT ayTopa (aKo je ayTopa BHILE, MPEOCTATH Ce
03HauaBajy ca “et al.”’) u HacnoOB paga y ckpaheHoMm 00JMKY, HE BUIIE OJ TIET
peun.

2.6. 3a kJby4He peun Tpeba KOPUCTUTH TePMHUHE HIlH (ppase Koje Hajoosbe
OIUCY]y CaJpKaj YiIaHKa 3a MoTpede MHICKCHpamba U IpeTpaxuBama. bpoj
KJBYYHHX peun He Moxxe outu Behu ox1 10. Tpeba nx HaBecTu abeneHIM peioM
Y OJIBOJUTH 3ape3nMa.

2.7. ATICTpaKT Ha €HIJIECKOM M pe3UMe Ha CPIICKOM Tpeba J1a peicTaBIbajy
KpaTak MHQOPMATHBHH MPUKA3 YWIaHKA. ATICTPAKT Y 3aBUCHOCTH OJI TY)KUHE
yinanka Tpeda ga uma ox 100 1o 250 peun. Pesume Ha CPIICKOM je3UKY MOKE
outu o 1/10 myxuHe 4nanka u Tpeda ma caap ki HACIIOB pajia, IMEHa ayTopa,
Cpelbe CIIOBO U Mpe3uMeHa, Ha3UB U MECTO y KOjuMa Cy ayTOpH 3arloCIeHU
U KJbYYHE PEUH.

2.8. Ilomatke o puHaHCHjCKO] MOMOhH, caBeTUMa U APYTHM BpcTama
rmoMohu, YKOJIMKO 3a TO TIOCTOjH TIOTpeda, Tpeba HaBeCTH Ha Kpajy paja, Iox
HACJIOBOM 3aXBAIIHOCT. ¥ 3aXBaJIHHULK 38 (PUHAHCH]CKY MOMON Tpeba HaBeCTH
Ha3UB 1 OpOj IPOJEeKTa, OJHOCHO HA3UB [IPOrpaMa y OKBUPY KOJer je 4/laHaK
HACTa0, Ka0 ¥ HA3UB HHCTUTYIIH]E KOja je MHAHCHPaIa IPOjeKaT WK IPOTPaM.
v cnyqajy IpyTUX BUIOBA TTOMOhW Tpeba HAaBECTH MME, CPEHE CIIOBO U
Mpe3rMe, YCTAaHOBY U CEIUIITE JIMIIA Koje je py»kajio moMoh, a ako je momoh
Mpy>KaJjia yCTaHOBA ITYH HAa3UB U aJ[pecy.

3. Ilpernennu pan Tpeba ga cagpxu: Arnctpakt, KibyuHe peun, 3akipydaxk,
JIuteparypy, kao u Pesume u Kibyune peun Ha cprckom. IIpernentu pagosu
He cMejy OuTH Ay>Ku of1 12 cTpaHa, ykJbyuyjyhu nureparypy, Tadene, Jereuie
U CIIHKE.

4. KpaTko caonmTeme ce MUILe 110 YIIyTCTBUMA 32 OpUT'MHAJIAH HAYyYHU
pan, anu He cMe Jia Oyze y»e of 5 cTpaHa.

5. JIuteparypa
5.1. JlutepaTypHe HaBoje Tpeba CIOKUTH a0eIeTHUM peioM Ha cieaehu
HAYuH:

(2) Ynanum u3 yaconuca: [Ipesume CD, [Ipezume SP (2009): Hazug pana.
Nwme gaconuca (ckpahern o6muk) 135: 122-129.

(6) INornasspa y xkwusu: Ilpesume ED, [Ipesume AS, IIpezume, IP (2011):
Hacnos mutupanor nena y kwusu. In: Ilpesume CA, Ipesume IF (eds.),
Hasus xmure, Bon. 4, U3nasay, ['pan, 224-256.

(B) Kmure: [Ipesume VG, Ipesume CS (2009): HacrnoB nutupane KmbHTE.
W3nasauy, ['pan.
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(r) Huceprammje: [Ipesume VA (2009): Hasus Te3e. JlokTopcka qucepraimja,
VYuusep3surer, I'pan.

(1) HeoGjaBsbenu panosu: HaBon ,,y mtamnu” Tpeba aa ce OAHOCH caMo Ha
panose npuxBahene 3a mramiy. Heo0jaBibeHH paoBU: IUTUPATH KAo
Iia ce paau 0 00jaBJbEHOM pajly OCHM IITO CE€ YMECTO BOJIyMEHa 4acomuca
u Opoja cTpaHa HaBOJH ,,y IITaMIIN .

(h) PamoBu caonmTeHn HA HAYYHUM CKYTIOBHMA IITAMIIAHU Y LEIUHUA UITU
y m3Bonay: IIpesume FR. (2011): 36opuuk, Hasus ckymna, Opranu3atop
ckyna, Mecto onpxkaBama, [Ipxasa, 24-29.

(e) EnexTpoHCKH 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. Pedepenne y Tekcty Tpeba a yKIbyde Mpe3uMe ayTopa U TOIUHY
n3nama. AKo UMa JIBa ayTopa, Tpeba HaBeCcTH 000jHILy, a y CIIy4ajy TPy WU
BUILIE ayTOpa Tpeba HaBECTH IIPBOI ayTOpa U Ha3HAYMUTH “‘et al.”.

5.3. AKO ce HaBOJE JBa MJIM BHIIE PaJ0OBa UCTOT HIJIM UCTUX ayTopa,
00jaBJbeHUX y UCTOj TOIUHH, IOTPEOHO je Y TEKCTY U CIIHCKY JUTEpaType
CTaBHTH a, 0, I, UT/I. U3a TOANHE 00jaBJbUBAbA.

5.4. I/IMeHa gaconuca Tpeba ckpahusatu mpema “Bibliographic Guide for
Authors and Editors” (BIOSIS, Chemical Abstracts Service and Engineerings
Index, Inc., ).

55, Pe(bepeHue ce He IPeBO/IC Ha jesuK paja. Hacnosu nutuparix nomahix
Jacornuca ajy ce y OpuruHaiHoM, ckpaheHom o0muKy. AKo je pepepenia
HIIp. HA CPIICKOM J€3UKY Ha Kpajy ce cTaBu (Sr).

6. Jenuuure, nMeHa, ckpahenuue u Gopmyie

6.1. Tpeba xopructutH SI o3nake 3a jenunmue (SI Systeme International d’Un.);
M3Y3ETHO CE MOTYy KOPUCTHUTH U IpyTe 3BaHUYHO npuxBaheHe jenuHure.

6.2. Ha3uBe ®HBHX OpraHn3amMa Ha JATHHCKOM TpeOa MUCATH UTATHKOM.

6.3. [Ipu xopunrhemwy ckpahenuIa y TeKCTy, TyH TEPMHUH Tpeba HAaBECTH
IPHIIMKOM IIPBOT CIIOMHEakha, a CKPaheHUIy I0AaTH y 3arpajiu.

6.4. Xemujcke cTpyKTypHe (OpMyJie U CIOXKEHE jeAHAYuHEe Tpeda
HAIIPTATH ¥ IPUIIPEMUTH 32 POTOrpadCKy PenpOayKIIH]Y.

7. Unyctpanuje

7.1. 3a nnycTpauuje MOry ce KOpUCTUTH LpHO Oele poTorpaduje u upre-
KU T0OpOT KBaJIUTETA.

7.2. CBaka mirycTpaiyja Tpeda 1a uMa TeKCT (JISTeH1y) Koju o0jarmaBa
cajapikaj mpuiora (UCIoJ| CIIUKE).
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8. TaGene

8.1. Tabene Tpeba KyLaTH Ha OJABOJEHUM CTpaHHUIIAMa U MPUIIOKUTH UX
Ha Kpajy paja.

8.2. Tabene ce o3HaUaBajy apariCKuM OpojeBHMA.

8.3. CBaka Taberna Tpeba 1a moYHe HACJIOBOM KOjH O0jalimaBa leH CalipiKaj
(n3Hapg Taberne).

8.4. Mecta Tabena y TeKCTy Tpeba 03HAUYUTH Ha JIEBO] MAPTUHH.

9. Konmja paga y enekTpoHCKoj popMu

9.1. Ilocne mpuxBsarama paja noTpe6Ho je nocraput CD ca KoHaYHOM
Bep3ujoM paja. [IpuiIokuTy U jeaHy KOMuUjy OAIITAMITIAHOT pajia pajiu JIAKIIe
TeXHUYKe 00pase. Pykomnuc Tpeba ciatu Ha anpecy: YpenHUumTBo 300pHUKA
Maruue cpricke 3a IpupoaHe Hayke, MaTuia cpricka, Yia. Martune cpricke,
21000 HoBu Cax. Pykonucu ce masmy y Word gopmary.

9.2. Ilpe ynacka paja y mramiy ayTopuma ce J0CTaBJba PYKOITHC 32 KO-
HayHy peBu3Hjy. VcripaBibame TeKCTa IPUIIPEMIBEHOT 3a IITaMIy Tpeda orpa-
HUYHTH Ha TITaMIIapcKe rperike. 3HadajHe mpoMeHe Tekcra he ce HarahuBaTw.
Kopurosanu Tekct Tpeba BpaTUTH YpeIHUIITBY y HajkpaheM Moryhem poky.
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