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AFLATOXIGENIC AND OCHRATOXIGENIC MOULDS
AND THEIR TOXINS IN TREE NUTS
ON SERBIAN MARKET

ABSTRACT: In this study, moulds and mycotoxins presence in different tree nuts
were investigated. The results showed that all of the 25 samples were contaminated with
moulds. Mean values of total mould count varied from 1-4.9 cfu per grain. The most frequent
species in hazelnut samples were Rhizopus oryzae (32.2%) and Aspergillus niger (28.9%).
In walnuts A. niger (75.6%), in cashews also 4. niger (42.4%) while in pistachio samples
Alternaria alternata (20.7%), and Cladosporium cladosporioides (20.7%) were the most
dominant. Rhizopus oligosporus was the only identified species in all almond samples
(100%). Using Enzyme Linked Immunosorbent Assay (ELISA), the presence of total afla-
toxins and ochratoxin A was examinated. In all analyzed samples, levels of ochratoxin A
were below the limit of detection. Total aflatoxins were detected only in walnut samples
with average concentration of 7.1 pg/kg.

KEYWORDS: contamination, moulds, mycotoxins, tree nuts

INTRODUCTION

Tree nuts are valuable crops which are widely used in human consumption
around the world. They include walnuts, almonds, hazelnuts, cashews and pista-
chios. The world largest producers of hazelnuts are Turkey, Italy, United States
and China. Also, USA are the biggest producers and exporters of almonds.
Walnuts are mainly produced in China, cashews in India and Nigeria, while
the biggest producers of pistachios are Iran and USA (FAO, 2012).

The low water activity of tree nuts (a,, <0.70) is not suitable for growth of
bacteria and yeasts, which need higher water content (minimal a,, for the most
bacteria growth is 0.90 and for the most of the yeasts 0.88) (Beuchat, 1981).

* . . .
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Tree nuts are more susceptible to moulds contamination, because these micro-
organisms can grow on substrates with lower a,,. Some xerophyllic moulds can
grow even on substrates with a,, 0.65 (Ray, 2003; Pitt and Hocking, 2009). If insects
damage the grain or if nuts are in contact with the ground, the possibility of
moulds contamination increases. Grain damage and moulds contamination
may occur during growth, harvesting, processing or storaging. It also depends
on usage of fungicide, storage time and storage conditions (Schatzki and Ong,
2001; Campbell et al., 2003; Baquiao et al., 2012).

There are many reports about mould contamination of tree nuts (Abdel- Hafez
and Saber, 1993; Giirses, 2006; Ozay et al., 2008; Xu et al., 2011; Baquido et al.,
2012; Tournas et al., 2015; Alsuhaibani, 2018). The most frequent contaminants
are Aspergillus, Rhizopus and Penicillium species. It is of great concern because
some Aspergillus and Penicillium species have potential to produce toxic second-
ary metabolites- mycotoxins (Bayman et al., 2002; Giirses, 2006; Rodrigues
et al., 2012). Since most of the mycotoxins are thermostable at high tempera-
tures, they can be found in processed food, and thus enter food chain. These
toxins can cause diverse acute or chronic toxic effects in humans and animals.
Today it is known over 300 different mycotoxins but the most common and the
most toxigenic is aflatoxin Bl (AFBI) (Moreu, 1979; Heperkan, 2006). AFB1
is a potent carcinogenic and teratogenic mycotoxin which can lead to serious
health problems, including liver cancer, chronic hepatitis, jaundice, hepato-
megaly and cirrhosis (Ozay et al., 2006). International Agency for Research
on Cancer (IARC) clasiffied AFBI1 in group 1 (agents carcinogenic to humans).
Beside AFBI, common mycotoxin which can be found in tree nuts is ochra-
toxin A (OTA). It is nephrotoxic mycotoxin, classified by IARC in group 2B
(possible human carcinogen) (Castegnaro and Wild, 1995; Nielsen et al., 2009).

European Union (EU) set the maximum levels for AFBI in almonds and
pistachios intended for direct human consumption at 8 pg/kg and 10 pg/kg for
total aflatoxins (AFBI1, AFB2, AFG1, AFG2), for hazelnuts at 5 pg/kg for
AFBI; 10 pg/kg fot total aflatoxins and in walnuts and cashews at 2 pg/kg for
AFBI; 4 pg/kg fot total aflatoxins. Maximum level for ochratoxin A in tree
nuts intended for direct human consumption is limited at 3 pg/kg (Maurice,
2002; EC, 1881/2006; Campagnollo et al., 2016). Serbia also set maximum
levels for AFBI1 and total aflatoxin (AFB1, AFB2, AFG1, AFG2) presence in
tree nuts, wich is in agreement with European Union. However, in Serbian
Regulation there is no data about maximum levels for ochratoxin A presence
in tree nuts (Sluzbeni glasnik RS / Official Gazette RS, 2019). Also, in Serbian
Regulation there is no information about microbiological safety of tree nuts
(Sluzbeni glasnik RS / Official Gazette RS, 2010).

Considering that tree nuts are widely used in human consumption, and
bearing in mind potentially toxigenic and carcinogenic effects of mycotoxin on
human health, the aim of the present work was to identify and evaluate mould
and mycotoxin contamination in different tree nuts from Serbian market.
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MATERIAL AND METHODS
Samples

Twenty-five raw tree-nut samples were analyzed for mould contamination
and mycotoxin production. Analyzed hazelnuts (Corylus avellana L.), almonds
(Prunus dulcis L.), walnuts (Juglans regia L.), cashews (Anacardium occiden-
tale L.) and pistachios (Pistacia vera L.) were collected from different local
markets and “healthy food” stores from Novi Sad, Serbia. All of the samples
were sampling randomly, in bulk, without original packaging. In each group
of tree-nuts there was five samples (100 g of each). Walnuts were originally
from Serbia while other samples were imported. Hazelnuts were imported from
Turkey, almonds from California and Dalmatia, cashews from Vietnam and
Indonesia and pistachios from Turkey and Iran.

Mycological analysis

Using direct-plating method, five grains of hazelnuts, almonds, cashews and
pistachios and four grains of walnuts were plated on Dichloran 18% Glycerol
agar (DGI8) plates. All of the samples were done in two replicates, without
surface disinfection. The plates were incubated at 25 °C for 5 days, after which
moulds were counted. Total mould count was expressed as the number of
colony-forming units (cfu) per grain.

Identification of moulds

Alternaria, Cladosporium, Monascus, Monilia, Moniliella, Rhizomucor,
Rhizopus, Syncephalastrum, Pteroconium and Ulocladium species were recul-
tured on Sabouraud Maltose Agar (SMA), and Aspergillus, Penicillium, and
Eurotium on Czapek’s agar (CZA). The plates were incubated at 25 °C for 7
days. Fusarium species were reculted on Potato Dextrose Agar (PDA) and
Carnation Leaf Agar (CLA). In order to stimulate growth of conidiogenic
structures, plates were incubated 10—14 days in combined light conditions (12
h of light and 12 h of darkness) at 25 °C. After incubation period, identification
of moulds was done based on their microscopic characteristics and macro-
scopic characteristics of the colonies. The color of colony and reverse, diameter,
texture and edges of colony, the presence or absence of exudate etc. were observed.
Their morphological characteristics, the length and shape of metules and
phialides, the size and the shape of conidia, hyphaes, etc. were observed under
microscope. Identification was done according to Samson et al. (2004), Samson
and Frisvad (2004), Levi¢ (2008), and Leslie and Summerell (2006) using “Leitz
Aristoplan Trinocular Phase Contrast Microscope”, Wild Leitz, Germany.
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Mycotoxicological analysis

Determination of mycotoxin presence in analyzed samples was performed
using Enzyme-Linked Immunosorbent Assay (ELISA).

For ochratoxin A determination was used I’ screen Ochratoxin ELISA
kit, Tecna srl, Trieste, Italy, with limit of detection of 1 ug/kg. Extracts for
ochratoxin test were prepared using 5 g of finely grinded sample mixed with
15 ml of HCI 1M and 30 ml of dichlormethane. The solution was shaking for
15 minutes with a low speed shaker after which 5 ml of lower dichlormethane
phase was transfered in a tube. Sodium bicarbonate in the amount of 5 ml was
added and shaken for 15 minutes with a low speed shaker, which was followed
by centrifugation at 2200 x g for 15 minutes. Upper acqueous phase in the
amount of 150 ul was taken and diluted with 350 pl of bicarbonate solution.
The analyses were performed according to the test kit instructions. The absorb-
ances were read using a microplate reader (Multiskan EX, Thermo Electron
Corporation) at 450 nm.

Veratox Aflatox (Total) Quantitative Test kit, Neogen, Lansing, USA, with
detection limit of 2.5 pg/kg was used for total aflatoxins determination. Ex-
tracts for total aflatoxin test were prepared using 5 g of finely grinded sample
mixed with 25 ml of 70% methanol. Prepared solution was shaken for 3 minutes
and filtered through Whatman No.1 filter paper. The analyses were performed
according to the test kit instructions. The absorbances were read using a mi-
croplate reader (Multiskan EX, Thermo Electron Corporation) at 650 nm.

RESULTS AND DISCUSSION

In Figure 1 are shown results of mycological analysis expressed as mean
values of total moulds count for each group of analyzed samples.
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Figure 1. Mean values of total moulds count (cfu/grain) in analysed samples
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As it can be seen, almond samples had the lowest mean value of total
mould count (1 cfu/grain), and the highest mean value of total mould count had
walnut samples (4.9 cfu/grain).
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Tournas et al. (2015) also reported that among other analysed tree nuts,
walnuts were the most contaminated with moulds (5.34 log10 cfu/g). Moulds
were detected in every walnut sample, in 91% of pine nuts and in 76% of al-
mond samples. Ozay et al. (2008) found that total mould count in Turkish
hazelnuts varied from 1.8 x 10' - 3.8 x 10° cfu/g. Using direct plating method,
Xu et al. (2011) reported that compared to ground meal (1.2 x 103 cfu/g) and
the kernel (7.0 x 102 cfu/g), whole nuts were the most contaminated with
moulds (3.4 x 10* cfu/g), because of the greater mold contamination on the
surface of the shell. Alsuhaibani (2018) reported that total mould count of
analysed samples ranged from 3.0 x 10° cfu/g in the pistachios and cashews to
4.0 x 10° cfu/g in the walnuts, almonds and hazelnuts.

The list and the frequency of identified mould species in each group of
samples are given in Table 1.

Table 1. The list and frequency of identified mould species (%)

Samples Species Frequency of species (%)
Hazelnuts Aspergillus flavus 17.8
A. niger 28.9
Penicillium expansum 1.1
Rhizomucor pusillus 1.1
Rhizopus oligosporus 18.9
R.oryzae 32.2
Almonds R. oligosporus 100
Walnuts A. flavus 5.1
A. niger 75.6
A. parasiticus 1.9
Fusarium oxysporum 4.5
Monascus ruber 1.9
R. oligosporus 10.9
Cashews Alternaria alternata 1.5
A. flavus 3.0
A. niger 42.4
Eurotium chevalieri 24.2
E. herbariorum 4.5
M. ruber 1.5
Monilia sitophila 7.6
Penicillium glabrum 1.5
R. oligosporus 12.1
Syncephalastrum racemosum 1.5
Pistachios A. alternata 20.7
A. niger 10.3
Aspergillus versicolor 34
Cladosporium cladosporioides 20.7
C. sphaerospermum 6.9
Moniliella acetoabutens 34
P. nalgiovense 6.9
P. polonicum 6.9
P. solitum 34
Pteroconium intermedium 34
R. oligosporus 6.9
R. oryzae 34
Ulocladium atrum 34
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In hazelnuts the most frequent species were R. oryzae (32.2%) and A.
niger (28.9%) while in almond samples R. oligosporus was the only identified
species. In walnuts A. niger (75.6%) was the most dominant. In cashews prev-
alent species was A. niger (42.4%) while in pistachio samples the most frequent
species were 4. alternata (20.7%) and C. cladosporioides (20.7%).

Many authors reported similar results about identified moulds in tree nuts.
Xu et al. (2011) reported that Penicillium, Alternaria and Cladosporium were
the most frequent species in analyzed tree nut samples. Aspergillus was not
identified. On the other hand, Abdel-Hafez and Saber (1993) showed that A4s-
pergillus represent 57.35% of all identified species in analyzed hazelnuts and
walnuts. The most frequent species were A. flavus, A. fumigatus, A. niger, C.
cladosporioides, C. herbarum, P. chrysogenum, P. citrinum and P. oxalicum.
Ozay et al. (2008) reported that 4. flavus (89%) and A. parasiticus (11%) were
the only identified moulds in all analyzed hazelnut samples. Also, Tournas et
al. (2015) found that A. niger was the most frequent mould representing 35%
of all identified species in almonds, 36% in pine nuts and 30% in walnut sam-
ples. In Serbia, mould contamination of tree nuts was also reported previ-
ously. Dimi¢ et al. (2005) reported that 17% of analyzed almond samples were
contaminated with moulds, while contamination of hazelnuts was negligible.
In almond and hazelnut samples were identified Aspergillus, Penicillium and
Eurotium species as well as Paecilomyces variotii. Also, Radojevic (2016)
found that 12 of 15 peanut samples from Serbian market were contaminated
with moulds. The most frequent were Penicillium (33.9%) and Aspergillus
(32.9%) species.

These results indicate that Aspergillus species are very common con-
taminants of tree nuts. It is of great concern because many Aspergillus species
are known for mycotoxins production. In Table 2 is given the list of mould
species identified in this examination which may produce aflatoxins and ochra-
toxins.

Table 2. The list of potentially aflatoxigenic and ochratoxigenic moulds identified in this
study and their mycotoxins (according to Frisvad and Thrane, 2004)

Moulds Toxins
A. flavus aflatoxin B1, aspergillic acid, kojic acid, 3-nitropropionic acid, cyclopiazonic
acid
A. niger ochratoxin A, naphtho-4-pyrones, malformins
A. parasiticus | aflatoxin B1, B2, G1,G2, kojic acid, aspergillic acid

The frequency of potentially aflatoxigenic and ochratoxigenic species in
each group of analyzed samples is given in Figure 2 (a, b).

14
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Figure 2. The frequency (%) of potentially aflatoxigenic (a) and ochratoxigenic
(b) moulds in tree nuts

Hazelnut samples had the highest percentage (17.8%) of potentially afla-
toxigenic species, while in almonds and pistachios was not identified none of the
potentially aflatoxigenic species. In walnut samples potentially ochratoxigenic
species represented 75.6% of all identified moulds. Among almond samples
there was identified none of the ochratoxigenic species.

There are many studies which have reported mycotoxin presence in tree
nut samples. Back in 1993, Abdel-Hafez and Saber detected aflatoxins in 90%
of hazelnut samples and in 75% of walnut samples (Abdel-Hafez and Saber, 1993).
Also, Gilirses (2006) reported aflatoxin presence in 27.66% tested tree nut
samples. Essawet et al. (2017) analyzed different tree nut samples for aflatoxin
presence. The percentages of mycotoxin positive samples were 33.3% (al-
monds), 40.0% (Brazilian nuts), 20.0% (hazelnuts), 13.3% (cashews), 26.6%
(walnuts) and 53.3% (peanuts). Also, there are earlier reports about mycotoxin
presence in tree nuts in Serbia. Dimic¢ et al. (2005) reported that aflatoxin G1
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was detected in one almond sample (of total 3) in concentration of 0.14 pg/kg
while ochratoxin A was detected in two almond samples in concentration of
8.00 ng/kg and 16.00 pg/kg. In hazelnut samples mycotoxin presence was not
detected. Also, Radojevi¢ (2016) detected aflatoxin presence in 20% of ana-
lyzed peanut samples in concentrations of 1.538 pg/kg, 1.935 pg/kg and 2.372
ng/kg. Investigating mycotoxicological food safety in Serbia, Mili¢evi¢ and
Nedeljkovi¢ (2004) found aflatoxin presence in 9.09% of hazelnut and walnut
samples with average concentration of 0.27 pg/kg. Also, in 5.45% of these
samples ochratoxin A with average concentration of 0.54 pg/kg was detected.
Although ochratoxigenic moulds are found in almost every sample, all of
the samples were ochratoxin A free, while total aflatoxins were detected in all
walnut samples with average concentration of 7.1 pug/kg. This concentration is
higher than maximum approved level of European Union and Serbian Regula-
tion, which indicates that these walnuts are not safe for human consumption.
It is important to stress that presence of mycotoxigenic species does not indicate
the must presence of mycotoxins. Mycotoxin production depends on genetic
ability of mould and different factors such as temperature, relative humidity,
insect infestation, usage of fungicides and fertilizers, type of substrate etc.
Therefore, they only indicate potential risk for toxin production. Also, the
absence of mycotoxigenic species does not exclude the presence of mycotoxin
(Bullermall, 1986; D’Mello and Macdonald, 1997). Our results also showed no
correlation between presence of mycotoxigenic species and mycotoxin presence.
As it was mentioned, walnut samples were the ones most contaminated
with moulds, where mean value of total moulds count was 4.9 cfu/grain. Also,
in these samples two potentially aflatoxigenic species were identified — A.
flavus and A. parasiticus — which explains aflatoxin presence in these samples.
Although hazelnuts had the highest percentage of potentially aflatoxigenic
species (17.8%), in these samples aflatoxin presence was not detected.

CONCLUSION

The present work showed that all of the tested samples were contaminated
with moulds, mostly walnuts. Almonds had the lowest mean value of total mould.

The most frequent species in hazelnut samples were R. oryzae and A. niger.
In walnuts 4. niger was predominant, in cashews A. niger and E. chevalieri,
while in pistachios 4. alternata and C. cladosporioides were the most common
species. R. oligosporus was the only identified species in almond samples.

In spite the presence of several mycotoxigenic species, all tested samples
were ochratoxin A free. Total aflatoxins were detected only in walnuts, but in
concentrations above maximum prescribed. Therefore, it can be concluded that
monitoring of mycotoxin level in tree nuts is necessary. Prevention of toxi-
genic moulds contamination and continuous monitoring of mycotoxins pres-
ence will ensure food safety and human health.
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ADJIATOKCUTEHE U OXPATOKCUI'EHE ITJIECHU
N BUXOBU TOKCHMHU Y OPAIIACTUM IJIOAOBUMA
HA TPXXUIITY CPBUJE

Upena 3. PAK'R, l'opnana P. JUMIWh, Mapuja M. HIKPUHAP,
Cynunna J{. KOLINMh-TAHAIIKOB
VYuusepsurer y HoBom Cany, Texnomnomku dakynrer,
Bynesap napa Jlazapa 1, Hoeu Can 21000, Cpouja

PE3VIME: V oBoM pajly UCIIUTAaHO j& MPUCYCTBO IJIECHU U MUKOTOKCHHA Y y30p-
LMMa OpallacTHX II0A0Ba. Pe3ynTaT HCTpakuBamba I0Ka3ajil Cy IPUCYCTBO IUIECHH Y
cBuX 25 y3opaka. Cpemrba BpeIHOCT YKYITHOT Opoja riiecHu Kpetana ce ox 1 10 4,9 cfu
T10 3pHY. Ha_]BaCTyHJLeHI/I_]e BPCTE y y30pLyMa JeHUKa Guite ¢y Rhizopus oryzae (32 2%)
u Aspergillus niger (28,9%), y y3opuuma opaxa 4. niger (75,6%), y HHIH]CKOM Opaxy
takohe 4. niger (42,4%), nok cy y y3opuuma nucraha Alternaria alternata (20,7%) u
Cladosporium cladosporioides (20,7%) 6une HajioMuHaHTHH]e BpcTe. Rhizopus
oligosporus je jennna nentudukoasa Bpera y ysopuuma 6anema (100%). Hpucycrso
YKYIHHX a()IaTOKCHHA ¥ OXPATOKCHHA Ay Y30pLIHMa OPAIIACTHX I1J10/[0Ba OapeheHo je
ELISA metomom. Y cBuma aHaJIM3UPAHUM y30pLIMa KOHIICHTpaInja OXpaToKcHHa A
Ouiia je UCIOA rpaHuLe ACTeKLHje. YKYIHH a(IaTOKCHHU Cy ACTEKTOBAHH jEIMHO Y
y30pIHMa opaxa ca IpocedyHOM KoHUeHTpanujoM ox 7,1 pug/kg.

KJbYUYHE PEUU: konHTaMuHaIM]ja, MUKOTOKCUHH, OPAIIACTH ILIOJIOBU, TIECHU

18



30opHuk Matune cpricke 3a nmpupojaHe Hayke / Matica Srpska J. Nat. Sci. Ne 139, 19—28,
2020

UDC 615.918:582.28]:633.15(497.11)
https://doi.org/10.2298/ZMSPN2039019G

Jelena M. GOLIJAN'", Slavoljub S. LEKIC',
Gorica Lj. VUKOVIC?, Mile D. SECANSKI’®

!'University of Belgrade, Faculty of Agriculture, Department of Genetics,
Plant Breeding and Seed Production,

Nemanjina 6, Belgrade 11080, Serbia

2 Institute of Public Health of Belgrade,

Bulevar despota Stefana 54a, Belgrade 11108, Serbia

* Maize Research Institute “Zemun Polje”, Foundation Seed Department
Slobodana Bajica 1, Belgrade 11185, Serbia

PRESENCE OF AFLATOXINS AND DEOXYNIVALENOL
IN SEEDS OF MAIZE, SPELT WHEAT AND
SOYA BEAN — PRELIMINARY RESEARCH

ABSTRACT: Mycotoxins naturally contaminate plant — based food. Since organic
production does not allow the use of synthetic pesticides in plant protection, many researchers
state that organically produced foods are more contaminated with mycotoxins than conven-
tional ones. In this regard, the aim of this study was to observe the content of aflatoxins B1,
B2, G1 and G2 and deoxynivalenol, as the most common mycotoxins, in organically and
conventionally produced seeds of maize, spelt wheat and soya been during the 2015-2017
period. The HPLC/FLD and HPLC/DAD were used to determine the presence of aflatoxins
and deoxynivalenol, respectively. The highest number of samples was not positive to the
presence of these mycotoxins. Aflatoxin B1 (1.16 pg/kg) and deoxynivalenol (101.53 pg/kg)
were detected only in the sample of organic maize harvested in 2015. Based on obtained
results, no conclusion can be drawn on the effects of organic and conventional production on
contents of mycotoxins in seeds of maize, spelt wheat and soya bean, and further long-term
studies are required.

KEYWORDS: aflatoxins, deoxynivalenol, maize, spelt wheat, soya bean

INTRODUCTION

Mycotoxins are secondary metabolites of fungi. They naturally contam-
inate food of plant origin that is the source of nutrition for the population of
the majority of countries. These are cereals, oil plants, dry fruits and vegetables,

" Corresponding author. E-mail: golijan.j@agrif.bg.ac.rs
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hazelnuts, peanuts, sesame, almonds, coffee, etc. (Bryden, 2012). Fungi con-
taminate food in fields and/or during food storage. Foodstuffs can be directly
contaminated by the development of fungi in them, or indirectly by consuming
foods containing the mycotoxin residues or by the use of contaminated ingre-
dients in their processing (Marriot and Gravani, 2006). Indirect contamination
with mycotoxins through the food chain via animal — based products is a
particularly high risk to human health (Soriano, 2007). It is estimated that
25-40% of cereals in the world are contaminated with mycotoxins (Pittet,
1998), the most common of which are aflatoxins, deoxynivalenol, zearalenone,
fumonisin and T-2 toxins (Sokolovi¢, 2005).

Aflatoxins are heterocyclic metabolites, products of secondary metabolism
of fungi Aspergillus flavus Link, A. parasiticus Speare, A. nominus, A. pseudo-
tamarii and A. bombzcis and belong to most studied types of mycotoxins (Pe-
terson et al., 2001). Aflatoxins B1, B2, G1 and G2 can be found in a wide range
of foodstuffs, such as cereals, dry fruits, figs, nuts and spices (EFSA, 2007).
Deoxynivalenol is a secondary metabolite of the Fusarium, Trichoderma,
Trichothecium, Myrothecium and Stachybotrys species (WHO, 1990). It belongs
to the type B trichothecenes. It most often contaminates wheat, barley and
maize (EFSA, 2004), and to a lesser extent rye, oats and rice (Kuiper-Goodman,
2002).

Since the use of synthetic pesticides in control of pathogenic microorgan-
isms is not permitted in organic farming, the question arises whether there is
a higher amount of mycotoxins in organic food than in conventional ones. This
issue has been the objective of many studies worldwide (Frank Hansen, 1990;
Jorgensen et al., 1996; Kuhn, 1999; Birzele et al., 2000; Usleber et al., 2000;
Malmauret et al., 2002; Schneweis et al., 2005; Ghidini et al., 2005; Winter and
Davis, 2006; Herrera et al., 2009; Lairon, 2010).

The aim of the present study was to observe the presence and potential
differences in the content of mycotoxins aflatoxins B;, B,, G, and G, and de-
oxynivalenol in seeds of maize, spelt wheat and soya bean conventionally and
organically produced.

MATERIALS AND METHODS
Samples

Fourteen seed samples of maize, soya bean and spelt wheat organically
and conventionally produced were drawn and analysed during the three — year
period (2015-2017). Seed samples were grown and collected at three different
locations: 1) Maize Research Institute, Zemun Polje, Belgrade (organic and
conventional maize — variety Rumenka; organic spelt wheat — Nirvana vari-
ety), 2) Institute of Field and Vegetable Crops, Novi Sad, location Backi Petro-
vac (organic and conventional soya bean — cultivar Kaca) and 3) Nova Varos
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(conventional wheat — Nirvana variety). Damaged seeds and weed seeds were
removed from drawn seed samples (100 g of each plant species). Such cleansed
seed samples were ground into fine powder.

The distribution of aflatoxins Bl, B2, G1 and G2, as well as deoxyniva-
lenol, was determined in fourteen samples of maize, spelt wheat and soya bean
(in three replicates).

Determination of aflatoxins

The liquid chromatograph Agilent 1260 HPLC system (Agilent Tech-
nologies, USA) with the degasser G1379B, binary pump G1312C, autosampler
G1329B, thermostat column and the fluorescence detector was used to deter-
mine aflatoxins. The Zorbax Eclipse XDB C18 column (150 x 4.6 mm, Spum)
(Agilent, USA) thermostatted at 30 °C (SRPS EN 14123:2012) was used for the
chromatographic development. Water was used as a mobile phase A, while the
mixture of acetonitrile and water (50/50, V/V) at the ratio of 60% : 40%, and
the isocratic regime and the flow rate of 1.2 mL/min was used as a mobile
phase B. The sample volume entering the system amounted to 50 pl. The de-
tection was performed at Aex=365 nm and Aem=455 nm, after photochemical
derivatisation using the LCTech photochemical reactor. Data were processed
using Agilent ChemStatin software (version B 04.02, Agilent Technologies
2001-2010), using the external standard.

Twenty g of samples were weighed and extracted with a mixture of meth-
anol and water (70/30, V/V) in a blender at the maximum speed of 60 sec / 2 min.
The extract was filtered through the Whatman blue ribbon filter paper (No. 42).
A 10-ml aliquot was diluted with 40ml PBS buffer (Ph 7.4). The complete volume
of the prepared extract was filtered through the immunoaffinity column (Vicam
Aflatest, 3 ml wide bore). The column was rinsed with 10 ml distilled water
and air — dried. Eluation of mycotoxins into a 5-ml normal vessel was done
with 2 ml methanol, and then steamed in the nitrogen current and dissolved in
the mobile phase.

The method linearity was confirmed in the range of 0.4-20 ug/kg, with
the coefficient of correlation of r2 > 0.99 for all four aflatoxins. Within the
validation parameters, the detection limit (ABI and AB2 0.16 ug/kg; AG1 0.08
ng/kg and AG2 0.07 png/kg) and the quantification limit set at 0.4 ng/kg for all
aflatoxins were experimentally confirmed. The accuracy and precision of the
method were established by spiking two samples on two concentration levels
(0.4 and 4.0 pg/kg). The mean extraction yield for the level of 0.4 png/kg was
ABI — 118.3% (RSDr 22.75%), AB2 — 119.6%, (RSDr 28.82%), AGI — 116.9%
(RSDr 23.28%) and AG2 — 53.5% (RSDr 18.01%), and for the level 4 pg/kg
AB1 —79.0% (RSDr 4.55%), AB2 — 76.5% (RSDr 2.30%), AG1 — 83.7% (RSDr
7.24%) and AG2 — 57.2% (RSDr 9.70%). Obtained values meet the requirements
set by the Commission Regulation (EC) No 401/2006.
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Determination of deoxynivalenol (DON)

The liquid chromatograph Agilent 1260 HPLC system (Agilent Technolo-
gies, USA) with the quaternary pump G1311B, autosampler G1316A, thermostat
column G1316A and the VWD detector was used to determine deoxynivalenol.
The Zorbax SB-Aq column (250 x 4.6 mm, Spum) (Agilent, USA, Part No
880975-914) thermostatted at 30 °C (SRPS EN 15791:2009) was used for the
chromatographic development. Water was used as a mobile phase A, while the
mixture of acetonitrile and water (50/50, V/V) at the ratio of 90% : 10%, at the
isocratic regime and the flow rate of 0.6 mL/min was used as a mobile phase
B. The sample volume entering the system amounted to 100 pl. The detection
was performed at A=218 nm for 20 minutes. Data were processed using Agilent
ChemStatin software (version B 01.07 (27), Agilent Technologies 2001-2014),
using the external standard.

A total of 25 g of samples were weighed in a beaker and 5 g NaCl were
added. After that, 200 ml de-ionised water was added and extracted in a blender
at the maximum speed for 2 min. The aliquot was centrifuged at 4,000 rpm for
10 min. The extract was filtered through the Whatman black ribbon filter paper
(No. 4), and then 2 ml of a filtered sample was transferred to the immunoaffinity
column. The aliquot was rinsed with 2 X 5 ml de-ionised water and air-dried
with the application of weak vacuum. DON was eluated with 1.0 ml methanol and
1.0 ml de-ionised water. The sample was then transferred into the autosampler
and analysed by using HPLC/VWD.

The method linearity was confirmed in the range of 25-1000 pg/kg, with
the coefficient of correlation of r2 > 0.99 (0.99974). Within the validation pa-
rameters, the detection limit (9 ug/kg) and the quantification limit (25 pg/kg)
were tested. The accuracy and precision of the method were established by
spiking two samples on two concentration levels (25 and 750 pg/kg). The mean
extraction yield for the level of 25 ng/kg was 85.1% (RSDr 11.08%), and for
the level 750 pg/kg was 99.0% (RSDr 5.32%). Obtained values meet the re-
quirements set by the Commission Regulation (EC) No 401/2006.

RESULTS AND DISCUSSION

The analyses of seed samples of maize, spelt wheat and soya bean for the
presence of deoxynivalenol and aflatoxins B1, B2, G1 and G2 revealed that the
majority of samples were not positive for the presence of these mycotoxins
(Table 1; mycotoxin quantification limits are presented in Table 1). Deoxyni-
valenol and aflatoxin Bl were detected only in the sample (Figure 1 and 2) at
concentrations lower than the maximum levels prescribed by the Regulation
on the maximum allowed quantities of residues of plant protection products in
food and feed and on food and feed for which the maximum permitted quanti-
ties of residues of plant protection products is determined, Official Gazette of
the Republic of Serbia, No. 22/2018 and 90/2019.
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Table 1. Mycotoxin contents in seed samples of maize, spelt wheat and soya bean

MYCOTOXIN (pg/kg)

SAMPLE DON ABI AB2 AGI AG2
OM15 101.53 1.16 <LOQ <LOQ <LOQ
OM16 <LOQ <LOQ <LOQ <LOQ <LOQ
OM17 <LOQ <LOQ <LOQ <LOQ <LOQ
CM16 <LOQ <LOQ <LOQ <LOQ <LOQ
CcM17 <LOQ <LOQ <LOQ <LOQ <LOQ
OS15 <LOQ <LOQ <LOQ <LOQ <LOQ
0OS16 <LOQ <LOQ <LOQ <LOQ <LOQ
0OS17 <LOQ <LOQ <LOQ <LOQ <LOQ
CSl6 <LOQ <LOQ <LOQ <LOQ <LOQ
CS17 <LOQ <LOQ <LOQ <LOQ <LOQ
OSol6 <LOQ <LOQ <LOQ <LOQ <LOQ
0Sol7 <LOQ <LOQ <LOQ <LOQ <LOQ
CSol6 <LOQ <LOQ <LOQ <LOQ <LOQ
CSol7 <LOQ <LOQ <LOQ <LOQ <LOQ
LOQ (pg/kg) 25 0.4 0.4 0.4 0.4
MDK (pg/kg) 1250 2 / / /

O —organic; C — conventional; S — spelt wheat; M — maize; So — soya bean; DON — deoxy-
Pivalenol; ABI1, AB2, AG1, AG2 — aflatoxins
raw cereals except durum wheat, oats and maize.
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Figure 1. Chromatogram of the sample OK15 in which the presence of deoxynivalenol
(101.53 pg/kg) was detected

23



1.4 1

0.8

0.6 4

14,497 - aflatoksin B1

4,502

0.4

L A | B T "
0 23 3 7.3 10 125 13 17.3

Figure 2. Chromatogram of the sample OK15 in which the presence of aflatoxin Bl
(1.16 pg/kg) was detected

According to the report presented by Kuhn (1999), a lower level of deox-
ynivalenol was detected in organic wheat (74 ppb), and a slightly higher level
was established in conventionally produced wheat (109 ppb). The latter was
more frequently contaminated with Fusarium and contained more zearalenone
and deoxynivalenol than organic wheat (Schneweis et al., 2005). According to
Usleber et al. (2000), the following concentrations of deoxynivalenol in wheat
and rye samples acquired in health food stores were determined: 200 pg/kg in
wheat flour type 405; 410 pg/kg in wheat flour type 550; 370 ug/kg in wheat
flour type 1050; 210 ng/kg in wheat bread premix; 300 pg/kg in whole grain
flour; 280 pg/kg in whole grain wheat, 830 ng/kg in wheat bran; 120 pg/kg in
rye flour and grits. Almost half of the organic products were contaminated
with deoxynivalenol, with lower levels than conventionally produced products.
Based on results obtained in analyses of mycotoxins presence in organically and
conventionally produced foodstuffs (beef, pork, poultry, eggs, milk, lettuce,
tomatoes, carrots, apples, spinach, French beans, buckwheat, barley and wheat),
Malmauret et al. (2002) stated that these results did not provide clear evidence of
whether conventional products were safer than organic ones. Herrera et al. (2009)
have observed the occurrence of mycotoxins in organic and conventional du-
rum semolina — obtained from organically and conventionally grown wheat in
Spain. The percentage of ochratoxin A in organic and conventional semolina
amounted to 20% and 8.3%, respectively, while the mean levels were lower in
conventional samples. Deoxynivalenol was found in 16.7% and 20% of con-
ventional and organic samples, respectively. Mean levels of deoxynivalenol
were lower in conventional semolina samples (77 pg/kg") than in organic ones
(89 pg/kg™). Jestoi et al. (2004) observed the presence of mycotoxins and cy-
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toxicity in organic and conventional products in the form flour, muesli and
infant food produced from maize, wheat, spelt, oat, barley, rye, etc., purchased
from the Finish and Italian markets. Concentrations of observed mycotoxins
were low in all samples and the lowest in cereal — based food for infants. En-
niatins B (6—-124 pg/kg) and Bl (90-184 pg/kg) and deoxynivalenol (55-118
pg/kg) were the most dominant mycotoxins present in 97%, 97% and 90%
samples, respectively. The zearalenone levels ranged from 80 to 127 pg/kg,
while levels of aflatoxin Bl were significantly lower (16—40 pg/kg). According
to these authors, the effects of the organic and conventional production method
did not have statistical significance on the total levels of mycotoxins, although
the mean concentration of total mycotoxins was somewhat higher in organic
products. According to the study carried out by Gourama (2015) in south-eastern
Pennsylvania on 100 samples (50 organic and 50 conventional) of popcorn,
rice, maize, walnuts, almonds, peanuts, pumpkin seeds, green peas, flaxseeds,
soya bean and cashew nuts, the most common fungal genera were Aspergillus
and Penicillium. On this occasion, organically and conventionally produced
walnuts, peanuts, soya bean and maize had the highest levels of contamination.
The total level of aflatoxins (B1, B2, G1, G2) in three conventional samples of
walnuts, almonds and peanuts amounted to 564, 306 and 538 pg/kg, respec-
tively, while the corresponding levels in organic peanuts and maize were 524
ng/kg and 465 ng/kg, respectively. Cirillo et al. (2003) analysed the following
organic (101) and conventional (101) products for three Fusarium toxins — de-
oxynivalenol and fumonisins B1 and B2: maize (popcorn, flour, polenta, etc.),
wheat (flour, bran, biscuits, bread, pasta, etc.) and rice (biscuits, rice flakes), as
well as mixed-based foodstuff consisted of rye, barley, spelt, millet, oats, milled
cereals, wholemeal bread. The authors found out that organic foods were more
contaminated with deoxynivalenol (80%). Fumonisin Bl was determined in
20% organic foods and 31% conventional ones and fumonisin B2 in more than
32% of food samples from both production methods. The highest medium
concentration of deoxynivalenol was determined in conventional rice — based
foodstuffs (207 pg/kg). According to results gained by Arino et al. (2006), the
organic maize crop was more contaminated with Fusarium fungi (63.20%) than
conventional one (40.27%). However, the distribution of the genera Fusarium
was higher in conventional (34.93%) than in organic (18.15%) maize. Manke-
viciene et al. (2014) studied the distribution of mycotoxins in organically grown
certified common wheat (Triticum aestivum L., winter and spring) and spelt
(Triticum spelta L.) during the two — year period and found out that concentra-
tions of deoxynivalenol, zearalenone and T-2/HT-2 toxin, detected in spelt grain
with glumes, spelt glumes, as well as in spring wheat, were as follows: con-
centrations of T-2/HT-2 toxins in common wheat were up to 115.0 pg/kg, in
bran 120,6-286.8 ng/kg, zearalenone and deoxynivalenol were higher than 20
and 200 pg/kg, respectively. The contents of mycotoxins varied over different
production years. The authors pointed out to significantly higher concentrations
of Fusarium toxins in spelt grain glumes than in dehulled grain, which proves
the protection role of glumes in grain of this type of cereal.
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CONCLUSION

In order to determine the presence of aflatoxins B1, B2, Gl and G2 and
deoxynivalenol, 14 seed samples of maize, spelt wheat and soya bean organi-
cally and conventionally produced in the 2015-2017 period were analysed. The
presence of deoxynivalenol and aflatoxin Bl was determined only in one sample
— 2015 organic maize.

Furthermore, the presence of deoxynivalenol (101.53 pg/kg) and afla-
toxin Bl (1.16 ug/kg) was detected at concentrations lower than the maximum
values prescribed by the Regulation on the maximum allowed quantities of
residues of plant protection products in food and feed and on food and feed for
which the maximum permitted quantities of residues of plant protection products
is determined, Official Gazette of the Republic of Serbia, No. 22/2018 and 90/2019.

According to gained results, it cannot be clearly concluded on the influ-
ence of the production method on the mycotoxin content in seeds. Namely,
although organic maize was contaminated, it does not mean that organically
produced crops conditionally contain greater amounts of mycotoxins than
conventionally produced crops. In order to elucidate the effect of the production
method on the mycotoxin contents in a plant material, long-term studies with
a greater number of species are necessary.
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PE3UME: MUKOTOKCMHY IPUPOJHO KOHTAMUHUPA]y HAMUPHHULE OUIJBHOT TTOpe-
kJia. [TomTo opraHcKy HAYMH MPOU3BO/IHE HCKIBYdyje YIIOTPeOy CHHTETHUKHX MECTHU-
IIU/1a 32 3aIITUTY OnJba, OPOJHH UCTPa’KMBAYN HABOJE A CY OPTaHCKHU IIPON3BEICHE
HaMUPHUIIE BUIIIE KOHTAMHHUPAaHE MUKOTOKCHHIMA Y MOpeljery ca KOHBEHIIMOHATHUM.
Y TOM cMucCITy, IMJb OBOT pajia Omo je 1a ucrnta caapxaj aguaroxkcuna Bl, B2, G1 u G2
1 ICOKCHHUBAJIEHOJIA, Ka0 HajuelNuX MUKOTOKCHHA, Y OPraHCKH M KOHBEHITHOHAIHO
MIPOU3BEICHOM CEMEHY KYKypy3a, crente u coje Tokom 2015, 2016 u 2017. ronune.
[IpucycrBo adnarokcuna oapeheno je merogqom HPLC/FLD, a neokcuHuBaneHona
meronom HPLC/DAD. Hajeehu 6poj y3opaka Huje cajpxaBao MUKOTOKCHHE. Adia-
tokcuH Bl (1,16 pg/kg) u neokcunuanenon (101,53 pg/kg) Ounu cy neTeKTOBaHU caMo
Y Y30pKy Oprackor Kykypysa u3 2015. roguse. I[Ipema nobujenum pesynrtaruma, He
MOXe€ CE M3BECTH jaCaH 3aKJby4ak O yTULA]y OPraHCKOr U KOHBEHLIMOHAIHOT HAYMHa
IIPOU3BO-E Ha CaAPKa] MUKOTOKCHHA y CEMEHY KyKypy3a, CIIeJITE U COje T Cy HEeOll-
XOJTHA /1aJba BUIICTONIIHA UCITUTHBAKA.
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Leucotelium cerasi (Bérenger) Tranzschel 1935,
NOVEL PATHOGEN FOR MYCOBIOTA IN SERBIA

ABSTRACT: During the field studies on a strictly protected plant species Eranthis
hyemalis (winter aconite) in Serbia, it was noticed that certain individuals were infected by
some species of parasitic fungus. According to the structure of spermogonia and aecia, as
well as distinctive types of spores recorded in infected leaves of winter aconite, the fungus
was determined as Leucotelium cerasi, known as a causative agent of rust in E. hyemalis
and Prunus species. Although it was first recorded in Serbia in Prunus spinosa as a host
(area of Valjevo in 1935), the appearance of this phytopathogen was recorded in foliar tissue
of E. hyemalis at four localities in Eastern Serbia, near Knjazevac (Podvis, Golemi Kamen,
and Ploc¢a) and Zajecar (Zmijanac). It was concluded that plants in natural populations of
host species were infected to a very high degree, as the number of infected plants reached
half of the total number of individuals in all studied populations. Further research is neces-
sary to determine to what extent this fungus is threatening the survival of host populations
and then implement appropriate protection measures.

KEYWORDS: Eranthis hyemalis, Leucotelium cerasi, pathogen, rust basidiomycete,
Serbia, winter aconite.

INTRODUCTION

Genus Eranthis Salisb. (fam. Ranunculaceae, tribe Helleboreae) includes
nine species recorded in Europe and Asia (Lee et al., 2012). The primary range
of species E. hyemalis (L.) Salisb. includes the region of the Southern Alps,
the Balkan Peninsula, and certain parts of the Pannonian Plain in Hungary and
Serbia (Petrovi¢ and Lakusi¢, 2017). The range of this plant has secondarily
extended through the USA, Western Europe, and Romania, where it appears as

* Corresponding author. E-mail: smilos@bio.bg.ac.rs
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a cultivated, but frequently also as a naturalized or accidental species (Anastasiu
and Negrean, 2009; Petrovi¢ and Lakusi¢, 2017). In Serbia, it inhabits shaded
forest habitats with fresh humus soils, mostly appearing as an element of oak and
hornbeam forests of vegetation alliance Querco-Carpinion illyrico-moesiacum
(Budak, 1999). Within the territory of Serbia, it also appears at a range of
altitudes of 84—600 m above sea level (Panjkovic et al., 2003; Bogosavljevi¢ and
Zlatkovi¢, 2018).

According to ITUCN classification, £. hyemalis is a regionally endangered
taxon (EN) in Italy and rare (R) in Slovenia, Croatia, and Hungary (Budak,
1999). Until recently, this species has been considered extinct (EX) in Bosnia
and Herzegovina, but now it is placed into the category of critically endangered
(CR) because four new populations have been discovered (Bruji¢ et al., 2006).
Red Data Book of the Republic of Bulgaria includes the taxon E. bulgarica (Stef.)
Stef., also considered a critically endangered (CR) taxon in Serbia and Bulgaria
(Vladimirov, 2015), even though modern floristic literature is treating it either
as a variety or a synonym of E. hyemalis (Budak, 1999; The Plant List, 2013).
Although the recent floristic studies (Petrovi¢ and Lakusi¢, 2017; Bogosavljevi¢
and Zlatkovi¢, 2018) have shown the presence of several new populations in
Serbia, at the regional level this species is still categorized as a critically endan-
gered taxon (CR) (Bogosavljevi¢ and Zlatkovi¢, 2018).

The threat status of winter aconite is additionally influenced by patho-
genic microorganisms, especially microfungi, causing diseases in the host.
Therefore, the detection of disease symptoms in natural populations, identifi-
cation of pathogens, assessment of the degree of pathogen spread, and monitor-
ing of current situation are highly important for the conservation of this species.
Some studies have shown that E. hyemalis is a host species for pathogenic smut
fungus Urocystis eranthidis (Pass.) Ainsw. and Sampson, from the class
Ustilaginomycetes (Woods et al., 2018) and Leucotelium cerasi, rust fungus
belonging to the class Pucciniomycetes (Kruse et al., 2015).

L. cerasi, the causative agent of the cherry disease, is a biotrophic plant
pathogen. L. cerasi is heteroecious. Its life cycle is heteromacrocyclic (0, I, 11, I1I).
Corresponding to the ploidy level of the fungus, E. hyemalis is the host for the
haploid (spermogonium — 0) and dikaryotic stage of the pathogen (aecium —I),
while dikaryotic uredium (II) and telium (IIT) form on hosts of Prunus spp.
(Riegler-Hager, 2007; Kruse et al., 2015). Host alternation in L. cerasi was
proven in vitro by Tranzschel (1935).

The presence of this pathogenic fungus species in other European coun-
tries and other host species was determined according to Helfer (2005), Beenken
& Senn-Irlet (2016), and the Fungal Database (Farr and Rossman, 2018). Genus
Leucotelium Tranzschel consists of three species with almost cosmopolitan
ranges: L. cerasi, L. padi Tranzschel, and L. pruni-persicae (Hori) Tranzschel
(Kruseet et al., 2015).

According to the Fungal Database (Farr and Rossman, 2018), L. cerasi was
recorded in 7 species of the genus Prunus in 9 European countries: P. avium (L.)
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L. (Bulgaria, Finland), P. cerasus L. (Austria, Finland, Hungary, Italy, Slovenia,
Spain), P. domestica L. (Austria, Finland, Germany), P. persica (L.) Batsch
(Italy, Portugal), P. pumila var. depressa (Pursh) Bean (Austria), P. spinosa L.
(Italy, Finland), and P. tenella Batsch (Austria). According to Helfer (2005),
this fungus was also recorded in the following species of this genus: P. arme-
niaca L., P. cerasifera Ehrh., P. dulcis (Mill.) D.A.Webb, P. fruticosa Pall., P.
padus L., P. virginiana L., as well as in 7 additional European countries (Bos-
nia and Herzegovina, Croatia, Czech Republic, Moldova, North Macedonia,
Slovakia, and Ukraine). Eranthis hyemalis was recorded as a host plant in
Austria, Bulgaria (as E. bulgarica), and Italy (Farr and Rossman, 2018), while for
Switzerland it was cited by Beenken and Senn-Irlet (2016). Also, according to
Tranzschel (1935), this fungus appears in P. cerasus in the following European
countries: France, Hungary, Italy, Switzerland, and Yugoslavia. The records
for the territory of Yugoslavia were from the area of Ljubljana in Slovenia and
the area of Valjevo in Serbia (Tranzschel, 1935). However, as the cited record
for Serbia is more than 80 years old and as this fungus was not recorded in E.
hyemalis as a host, we believe that our data are new, important records on the
appearance of this fungus in Serbia in the host plant £. hyemalis. Altogether,
L. cerasi fungus has been recorded in 19 countries of Europe, including Serbia,
appearing in 13 species from the genus Prunus, as well as in species E. hyemalis
(Figure 1).
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Figure 1. Distribution of L. cerasi in Serbia and Bulgaria (left) and in the European countries
(right) [compiled according to Tranzschel (1935), Helfer (2005), Beenken and Senn-Irlet
(2016), and Farr and Rossman (2018)]. Legend (left): black dots — literature data, red dots —
new data; legend (right): red color — present in Prunus spp. as a host, green color — present
in Prunus spp. and E. hyemalis as hosts.
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MATERIALS AND METHODS
Field studies

Field studies were performed in the period 2017-2020, during the winter
and spring seasons of the year. Symptoms of leaf rust were recorded in all
natural populations at four localities in Eastern Serbia near Knjazevac (Podvis,
Golemi Kamen, and Ploc¢a) and Zajecar (Zmijanac). During the field studies, at
least 5 leaf samples of E. hyemalis with rust symptoms from different infected
individuals were collected, placed in bags, and transported to the Laboratory
of the Department of Algology, Mycology and Lichenology at the Faculty of
Biology, Belgrade University, for further microscopic analyses and pathogen
identification.

New chorological data

Specimen examined and pathogen identified:
Serbia: Surroundings of Knjazevac, Oresac village, Plo¢a, Carpino orien-

talis-Quercetum mixtum, 600 m, EP91 (Randelovi¢, M. and Bogosavljevic, S.,
10.04.2018. — host plant deposited in BEOU as voucher no.17690); (Randelovic,
M. and Bogosavljevi¢, S., 13.03.2018, field obs.); (Randelovi¢, M. and Bogosa-
vljevi¢, S., 21.03.2019, field obs.); (Randelovi¢, M. and Bogosavljevic, S., 05.03.
2020, field obs.).

Surroundings of Knjazevac, Oresac village, Golemi Kamen, thermophilous
oak forests, 365 m, EP92 (Randelovi¢, M. and Bogosavljevic, S., 10.04.2018.
— host plant deposited in BEOU as voucher no.17691); (Randelovi¢, M. and
Bogosavljevi¢, S., 05.02.2018, field obs.); (Randelovi¢, M. and Bogosavljevic,
S., 27.03.2019, field obs.); (Randelovi¢, M. and Bogosavljevic, S., 01.03.2020,
field obs.).

Surroundings of Zajecar, Vratarnica village, Zmijanac (Provalina), oak
forests, 235 m, FP04 (Randelovi¢, M. and Bogosavljevi¢, S., 22.04.2018. — host
plant deposited in BEOU as voucher n0.17692); (Randelovi¢, M. and Bogo-
savljevi¢, S., 24.04.2017, field obs.); (Randelovi¢, M. and Bogosavljevi¢, S.,
27.03.2019, field obs.); (Zlatkovi¢, B. and Bogosavljevi¢, S., 11.03.2020, field
obs.).

Surroundings of Knjazevac, Podvis village, 330 m, EP92 (Randelovi¢, M.
and Bogosavljevi¢, S., 25.04.2018. — host plant deposited in BEOU as voucher
no. 17693); (Randelovi¢, M. and Bogosavljevic¢, S., 02.03.2017, field obs.); (Ran-
delovi¢, M. and Bogosavljevic, S., 11.04.2017, field obs.); (Randelovi¢, M. and
Bogosavljevi¢, S., 05.02.2018, field obs.); (Randelovi¢, M. and Bogosavljevic,
S., 27.03.2019, field obs.); (Randelovi¢, M. and Bogosavljevic, S., 28.03.2020,
field obs.).
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Microscopic analyses

Pustules, representing the rust symptoms on leaf surfaces, were sampled
from all investigated localities and gently removed using a sterile needle,
mounted with lactophenol cotton blue and observed under a light microscope
(Nikon Eclipse E200, equipped with camera Bresser MikroCam PRO HDMI).
To analyze rust structures in E. hyemalis leaves via scanning electron micro-
scope (SEM), sample leaf fragments with visible symptoms were separated
using adhesive carbon tape on aluminum cylinders. SEM analyses were per-
formed at the University of Belgrade, Faculty of Mining and Geology, using a
JEOLJSM—-6610LVSEM (Tokyo, Japan). Samples were gold-coated (d = 15 nm,
p =19.2 g/em®) by using a Leica EMSCDOO05 sputter coater (Wetzlar, Germany).
Both light-microscopy and SEM images were analyzed, and identification keys
(Helfer, 2005; Riegler-Hager, 2007; Kruseet et al., 2015) were applied to iden-
tify pathogens.

Host plant material was preserved and stored in the Herbarium of the
Institute of Botany and Botanical Garden “Jevremovac” of the Belgrade Uni-
versity (BEOU), with acquisition numbers given in the brackets. The nomen-
clature and classification of taxa were matched with The Plant List database
(http://www.theplantlist.org/) and Species Fungorum database (http:/www.
speciesfungorum.org/).

RESULTS AND DISCUSSION

Field studies in Eastern Serbia in 2017 and 2018 revealed the presence of
five new populations of a critically endangered plant species Eranthis hyemalis
(L.) Salisb. (Bogosavljevi¢ and Zlatkovi¢, 2018). However, symptoms of leaf
rust were documented in about a half of all studied specimens of E. hyemalis at
four out of five new localities (Knjazevac [Podvis, Golemi Kamen, and Ploca]
and ZajeCar [Zmijanac]). This fungus was not recorded at the locality of Nis,
where the plant population is most probably of naturalized origin. Five out of
nine (56%) known localities for £. hyemalis in Serbia were checked (Nis, Knjaze-
vac [Podvis, Golemi Kamen and Ploca] and Zajecar [Zmijanac]), while symptoms
of rust were recorded at four localities (44%).

Infected individuals were light yellow to yellowish-green in color, while
their petioles were more elongated than in the healthy individuals. The leaf
lobes were also somewhat narrower than in unaffected plants. Similar mani-
festations in E. hyemalis individuals, as a consequence of infection with the
same pathogen, were described in papers by Riegler-Hager (2007) and Kruse
et al. (2015). The documented symptoms of rust in the host plant were presented
in Figure 2.
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Figure 2. Rust symptoms in Eranthis hyemalis; a) Adaxial leaf surface with dark and
shiny spermogonia with excudation present in the infected plant from Podvis (photo by
S. Bogosavljevic, 02.03.2017); b) Abaxial leaf surface with aecia of the infected plant from
Podvis (photo by S. Bogosavljevic¢, 25.04.2018).

Microscopic analyses (both light and SEM) performed on E. hyemalis
leaf samples confirmed the presence of morphological structures of rust fungi
(Pucciniomycetes). Volcano-shaped epiphyllous spermogonia (@ 160 um, with
an ostiole @ 40 um) were documented on the adaxial leaf surface (approximate
coverage of 10%) (Figure 3a). Due to their subcuticular position and the pres-
ence of well-developed peridia and paraphyses, they might be placed into group
6/ type 7 according to spermogonium characterization proposed by Hiratsuka
and Cummins (1963). SEM analyses have revealed the presence of numerous
rough-walled, ellipsoid, or irregularly shaped spermatia (17.72 x 14.00 — 29.13
x 24.47 um) in the proximity of spermogonia (Figure 3b, c, d).

Geastrum-shaped aecia (Figure 4 a, b) was documented on the abaxial
side of the leaf (approximate coverage of 20%). Pseudoperidia, enclosed in
coarse, thick cell-walls, were detached from the aecium body in 4 to 6 irregu-
larly shaped lobes (235.69-354.24 um). Aecia diameter with lobes ranged from
700 to 1000 pm. Irregularly shaped aecidiospores with thick and verrucose
cell walls (Figure 4c) were also documented in tested samples (@ 12-20 um).
According to Sato and Sato (1985), the documented characteristics of the aecial
body and spores indicate that the observed aecia belong to the Aecidium type.

According to the spore-bearing structures (spermogonia and aecia) and
various types of spores (spermatia and aecidiospores), the pathogen was iden-
tified as Leucotelium cerasi (Berenger) Tranzschel (Pucciniomycetes, Uro-
pyxidaceae).
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Figure 3. Leucotelium cerasi rust on Eranthis hyemalis adaxial leaf surface, SEM:
a) Spermogonia; b) Spermatia in mass; ¢, d) single spermatia.

“'1‘\‘\ a3
Sl 20k X0 SO0y — SEI 200V SEl 20k &kiugm Sm —
UB-RGF. ;.

Figure 4. Leucotelium cerasi rust on Eranthis hyemalis abaxial leaf surface (SEM) Aecia
and aecidiospores: a) Aecia in mass scattered; b) Aecium c) Aecidospores

Leucotelium cerasi (Bérenger) Tranzschel, Riv. Patol. veg. 25: 177 (1935)
[syn: Dicaeoma cerasi (Bérenger) Kuntze (1898); Mycogone cerasi Berenger
(1844); Puccinia cerasi (Berenger) Cast. (1845); Sorataea cerasi (Berenger)
Cummins and Y. Hirats. (1983). Gdumann (1959): 799; Majewski (1977): 286;
Braun (1982): 230; Poelt (1985): 62; Minkevicius and Ignataviciute (1991): 169].

The presence of L. cerasi in E. hyemalis (subnom. E. bulgarica) in the
Balkan Peninsula was first recorded by Denchev (1995) in the western part of
Bulgaria at a locality close to the Serbian border. The data in our present study
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is the first record of L. cerasi in Serbia and the second record on its appearance
in the Balkan Peninsula, in populations of E. hyemalis at a greater number of
localities. Our results show that the appearance of L. cerasi in Serbia, due to the
number of infected E. hyemalis populations and the occupied range, is much
more significant than in Bulgaria where its appearance has a local character.

Localities with detected presence of L. cerasi fungus are inhabited by
several species from the genus Prunus (P. avium, P. cerasus, P. domestica, P.
spinosa, and P. tenella), and they are expected hosts for the II and III stages of
the life cycle of this fungus. Leucotelium cerasi is not lethal for E. hyemalis
and generally does not appear cyclically each year (Boens, 2015). However,
monitoring of E. hyemalis populations in Eastern Serbia shown that the path-
ogen remained present at all localities in continuity for several vegetation
seasons (2017-2020). As L. cerasi is characterized by perennial mycelium
lasting for several seasons, it was concluded that E. hyemalis has adapted to
this type of fungal infection (Poelt and Zwetko, 1997; Beenken and Senn-Irlet,
2016).

CONCLUSION

Leucotelium cerasi was first recorded in Serbia in its western part during
the first half of the 20" century in Prunus cerasus as a host. In 2017, it was
recorded for the first time in Serbia in Eranthis hyemalis as a host, at four
localities in Eastern Serbia. This fungus appeared with high frequency in all
studied localities for several consecutive vegetation seasons. In Europe, L.
cerasi was recorded in 20 countries, in 13 species of the Prunus genus, as well
as in species E. hyemalis. The appearance of this fungus in populations of E.
hyemalis in Serbia recorded in this study is the second record of its appearance
on this host species in the Balkan Peninsula. However, the range of this path-
ogen is probably greater than the available data indicate, and additional studies
including molecular examinations are necessary to determine whether it ap-
pears on new host species and/or new areas where it was previously absent.
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Leucotelium cerasi (Bérenger) Tranzschel 1935,
HOBU ITATOT'EH 3A MUKOBUOTY CPEUJE

Credan C. BOI' OCABJBEBUR', Mustom: U. CTYITAP?,
Munnna B. JLAJLEBU'h FPBI/Ile, Jenena b. BYKOJEBUR?

!3npascTBena ycranosa ,,Jlunu aporepuje”,
Tpr ocnobohema 14, Kmaxenar 19350, Cpouja
% Vuusepsuret y beorpany, buonomku daxynrer,
WucTnTyT 32 60oTanuky u borannuka 6amra ,,JeBpemonarr’,
TaxoBcka 43, beorpax 11000, Cpouja

PE3MME: TokoM TepeHCKUX UCTpa)kMBama CTPOTO 3alTHheHe OuspbHEe BPCTE
Eranthis hyemalis (xykypjax) y CpOuju, npumehenu cy CMMIOTOMU IJbUBUYHE UH(DEK-
nuje. [laToren je Ha ocHOBY r'palje ciepmoronuja, enuja u oaroBapajyhux Tunosa
CTIOpa JICTEKTOBAHHUX Ha MH(DUIIMPAHUM JIMCTOBHMA KyKypjaKa, HACHTU(PHKOBAH Kao
Leucotelium cerasi, n3azuBau ousbHe phe Bpcre E. hyemalis v BpcTa pona Prunus.
HWaxo je npBu myT 3a0enexen y Cpouju vHa nomahuny Prunus spinosa (oxkonuna Basse-
Ba, 1935. roguHe), IojaBa OBOT (PUTOMATOTEHA je PErUCTPOBaHa Ha (hOTHjapHOM TKUBY
E. hyemalis, na yetupu nokanurera y uctounoj Cpouju: oxonnna Kmaxesua (I[Tonsuc,
lonemu kamen u [1noua) u 3ajevapa (3mujanam). Moxe ce pehu n1a je cteneH HHGpULU-
paHuX OuJpaka y IpUpPOIHUM IOIyJIalljaMa IOMEHYTE BPCTE U3y3€THO BEITUKH, IPU
4yemy ce Opoj 000IeNuX y CBaKoj MOMyJaliji KPETao OKO MOJOBUHE 0] YKYITHOT Opoja
uHauBuaya. HeonxonHa cy najba HCTpaKMBamba Kako OU ce yTBPAMIIO Y KOjO] MEpH
IJbUBHUILA YTPOXKaBa ONCTaHAK MOIyJalyja U y CKJIady ¢ TUM NpeNy3eTH aJeKBaTHe
Mepe 3alITHTe.

KIJbYYUHE PEYU: 6usene phe, Eranthis hyemalis, xykypjax, Leucotelium cerasi,
natoreH, Cpouja
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EFFECT OF AERATION ON PRODUCTION OF
BIOFUNGICIDE USING Streptomyces hygroscopicus

ABSTRACT: Apple fruit diseases caused by phytopathogenic species of the genus
Alternaria have become current in recent years in Serbia as well as in other parts of the
world. Due to the fact that pesticides have a number of side effects on the environment and
human health, scientists around the world are concerned with finding alternative ways to
control this important food. Usage of microorganisms, optimization of the medium and
process conditions for their cultivation and production of biofungicides are the actual research
direction. The effect of aeration on biofungicide production by Streptomyces hygroscopicus
was studied in a 3 1 stirred tank bioreactor using a previously optimized cultivation medium
with glycerol as a carbon source. Aeration rates of 0.5, 1.0, and 1.5 vvm with constant agita-
tion speed of 100 rpm were studied. It was found that the greatest production of antifungal
metabolites effective against two Alternaria alternata isolates occurred with an aeration of
1.5 vvm and an agitation speed of 100 rpm. Statistical analysis showed that the largest inhi-
bition zone diameters of 4. alternata KA10 (78 mm) and T1Jg3 (78.67 mm) mycelial growth
were achieved under the indicated conditions in 96 h of cultivation.

KEYWORDS: aeration, Alternaria alternata, biocontrol, biofungicide, biosinthesis,
Streptomyces hygroscopicus

INTRODUCTION

Apple fruits are used throughout the year in the diet of babies, children and
adults, and their quality and health safety is of great importance. However,

* Corresponding author. E-mail: tadi@uns.ac.rs
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the presence of various phytopathogenic fungi can impair the quality of this
important fruit. Alternaria species are known as a group of significant plant
pathogens. In addition to cereal crops, Alternaria species are also one of the
causing agents of apple disease, especially during storage. These phytopatho-
genic fungi can cause moldy core, fruit spot and dry core rot of the apple fruit,
as well as various changes on the apple leaves (Horloch, 2006; Mitrovi¢ et al.,
2017a). Furthermore, these phytopathogenic fungi are producers of various
mycotoxins harmful to human health. Because of all the aforementioned, con-
trolling the presence of this fungus on apple fruit is of great importance. Un-
fortunately, apple is the food most exposed to synthetic pesticide treatments
nowadays.

Application of microorganisms in biological control, in recent years, is a
field of interest of many scientists. The reason for this is the overuse of chem-
icals in plant protection that have a number of adverse effects on the environ-
ment and consequently, on human health (Parra et al., 2015; Shi et al., 2018).
During the past few decades, several biocontrol agents have been exploited
and widely investigated against different post-harvest fungal pathogens (Tadi-
jan et al., 2014). Streptomycetes seem to be a promising tool in biological
control of plant diseases and their antifungal activity greatly depends on the
medium and condition used for their cultivation (Zheng et al., 2019; Wonglom
et al., 2019).

Streptomycetes are among aerobic microorganisms and require oxygen
for growth and production of desired metabolites. Different studies have shown
that the production of secondary metabolites using streptomycetes in sub-
merged cultivations generally requires a large amount of dissolved oxygen,
which is provided by an appropriate agitation and aeration rate (Liang et al.
2008; Martins et al. 2004).

Application of higher agitation speed increases the amount of dissolved
oxygen and contributes to better growth of the microorganism producer (Feng
et al, 2002). However, cell rupture, slower growth, changes in cellular morphol-
ogy are just some of the side effects that may result from the application of an
agitation speed more or less than optimal (Mitrovi¢ et al, 2017b). On the other
hand, aeration of 1.5 vvm has been reported in the literature as optimal for
the production of secondary metabolites using S. hygroscopicus (Yen and Li,
2014).

In the present study, the effect of aeration rate on the production of anti-
fungal metabolite effective against two isolates of A. alternata was investi-
gated. Experiments were performed in a 3 1 stirred tank bioreactor (Biostat®™
Aplus, Sartorius AG, Germany) at a constant agitation speed of 100 rpm, by
using S. hygroscopicus. The aim was to analyze bioprocess parameters of bio-
fungicide production in medium containing glycerol as a carbon source and to
examine how an increase in aeration rate affects the production of desired
antifungal metabolites.
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MATERIALS AND METHODS
Microorganisms

Streptomyces hygroscopicus, isolated from soil sample, was used for the
production of antifungal metabolites. This microorganism is stored in the Mi-
crobial Culture Collection of the Faculty of Technology Novi Sad, Serbia (Gen-
Bank Accession number KT026467) (Moji¢evi¢ et al., 2017). The bacteria was
kept frozen in growth medium containing 20% (w/v) glycerol solution, and
propagated twice at 27 °C before use. Growth medium (pH 7.2+0.1) with a
composition (g/1): glucose (15.0), soybean meal (10.0), CaCO; (3.0), NaCl (3.0),
MgSO, (0.5), (NH4),HPO, (0.5), K,HPO, (1.0), was used for inoculum prepa-
ration (Tadijan et al., 2016).

As fungal pathogens, two Alternaria alternata isolates marked as KA10
and T1Jg3 were used. Phytopathogenic isolates were obtained from rotten ap-
ple fruits, first time during 2012 after four months storage in Ultra Low Oxy-
gen storages in Vojvodina Province, Serbia (localities Kukujevci and Tavankut).
The occurrence of these two phytopathogenic species is increasing annually
in the apple storage in Serbia. Trials on antagonistic activity were conducted
during 2017 and 2018. Alternaria isolates were initially grown on Potato Dex-
trose Agar (PDA: potatoes, infusion from 200 g; dextrose 20 g; agar 20 g;
distilled water 1 1) plates for seven days. After seven days, a small amount of
mycelium of each isolate was added to flasks containing 50 ml of potato dex-
trose broth. The flasks were incubated for 48 h on a rotary shaker (150 rpm)
at 25 °C. Before use, culture liquid was filtered through the double layer of
sterile cheesecloth.

Bioreactor studies

Biosynthesis of biofungicides effective against Alternaria apple pathogens
by using S. hygroscopicus was carried out in 3 1 laboratory stirred tank biore-
actor (Biostat™ Aplus, Germany) containing 2 1 working volume. Three bio-
processes were performed in which the agitation speed was constant, 100 rpm,
while the aeration rate was varied: 0.5 vvm, 1 vvm and 1.5 vvm. Bioreactor is
equipped with two parallel Rushton turbines and without internal baffles. The
ratio of stirrer and vessel diameters (d/D1i) is 0.38. In all bioprocesses the me-
dium of the following composition was used (g/1): glycerol, 20.0; (NH4),SOy4,
0.25; K;HPO,, 1.41; CaCOs, 3.0; NaCl, 3.0 and MgSQO,, 0.5. The pH of the
medium was adjusted to 7 + 0.1 (Consort C863, Turnhout, Belgium) prior to
sterilization. After sterilization, the bioreactor was cooled to 27 °C and inocu-
lated with 10% v/v of preculture. The temperature was maintained at 27+1 °C
during the whole process.
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In vitro antagonistic activity assay

In vitro antagonistic activity assay was performed in Petri plates using
wells technique (Segy, 1983). In short, two layers of PDA medium were spread
in plates. The first layer consisted of 2% PDA medium. After solidification, a
new layer composed of 1.2% PDA and filtered fungal culture liquid (35%) was
added. Three wells with a diameter of 10 mm represented one treatment. For
each treatment, 100 pl of test liquid was added in each well. The treatments
included: supernatant (only the liquid phase of the cultivation medium contain-
ing antifungal metabolites, without the presence of S. hygroscopicus) of S.
hygroscopicus cultivation medium and sterile distilled water as negative con-
trol treatment. After 72 hours of incubation at 27 °C, the diameter (mm) of
mycelia growth inhibition zone around wells was measured. The antifungal
activity of cell-free culture filtrate was tested in triplicate.

The assessment of antagonistic activity was done after 72 h incubation at
27 °C by measuring diameter of inhibition zones (mm) — zones formed around
wells with no visible mycelia growth of 4. alternata isolates.

Analytical methods

In accordance with the experiment, sampling of the cultivation medium
was performed every 12 h of the bioprocess. Sample of cultivation medium
was centrifuged at 10,000 rpm for 15 min (Rotina 380 R,Hettich, Germany)
and only liquid phase of cultivation medium was used.

Standard method was used to determine phosphorus content (Gales et al., 1966)
and total nitrogen content was determined by Kjeldahl method (Herlich, 1990).

Obtained supernatants were filtered through 0.45 pm nylon membrane
(Agilent Technologies, Germany) and then analyzed by UHPLC (Thermo Sci-
entific Dionex UltiMate 3,000 series) to determine residual glycerol content.
UHPLC instrument was equipped with pump HPG-3200SD/RS, autosampler
WPS-3000(T) SL (10-1I injection loop), column ZORBAX NH2 (250 mm 9
4.6 mm, 5 Im) and detector Refracto — Max520. As eluent, acetonitrile (70:30,
v/v) was used with flow rate of 1.0 ml/min and elution time of 20 min at column
temperature of 30 °C.

Samples (10 ml) were centrifuged at 10,000 g for 10 min at 20 °C. The
supernatants were discarded and the cell pellet re-suspended in an equal volume
of distilled water and re-centrifuged as above. The biomass was dried at 105 °C
overnight and weighed. All determinations were performed in duplicate.

Data analysis

The obtained data were processed by factorial ANOVA using Software
Statistica 13 (Statistica, 2013). Duncan’s multiple range test was used to test
significance of differences (p<0.05) between mean values of measured diam-
eter of inhibition zones.
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RESULT AND DICUSIONS
Effect of aeration rate on the substrate consumption and cell growth

In order to monitor the course of the bioprocess, the most important medium
nutrients such as carbon, nitrogen and phosphorus and the increase in cell bio-
mass are tested at specified intervals of bioprocess. Figure 1 shows the consump-
tion of the most important nutrients and the increase of biomass during the 7 days
of cultivation of S. hygroscopicus in the laboratory bioreactor at an agitation
speed of 100 rpm and aeration rate of 0.5 vvm (a), 1 vvm (b) and 1.5 vvm (c).

Considering the curve of glycerol, nitrogen and phosphate consumption
in Figure 1 (a), it can be concluded that these nutrients are intensively consumed
from the first hours of cultivation to 84 h of cultivation, after which the trend
of intensive consumption decreases by the end of the bioprocess. The values
of residual glycerol, nitrogen and phosphate at 168 h of cultivation were 5.7
g/l, 0.157 g/1, and 0.485 g/1, respectively. This result confirms the fact that
carbon, nitrogen and phosphate sources are intensively consumed during the
exponential phase and that a decrease in their consumption indicates the begin-
ning of a stationary phase, in which secondary metabolites are produced (Tadi-
jan et al., 2016). The change in the dry weight of the cells content is an indirect
indicator of the change in the biomass content of the microorganism producer.
From the Figure 1 it can be seen that the amount of dry weight of the cells is
practically constant during the first 12 h of cultivation, which is expected since
this period includes the lag phase. After 12 h, dry weight of the cells content
exponential increase up to 84 h of cultivation. At the end of the bioprocess, the
dry weight of the cells content is 1.671 g/I.

Figure 1 (b) shows time-course of substrate consumption and cell growth
in a bioreactor with an agitation speed of 100 rpm and aeration rate of 1 vvm.
The figure shows that intensive consumption of carbon, nitrogen and phosphorus
ends after the third day of cultivation followed by a stationary phase. The residual
glycerol, nitrogen, and phosphate values at the end of the bioprocess were 6
g/, 0.153 g/, and 0.475 g/1, respectively. In this bioprocess the amount of dry
weight of the cells reaches a value of 1.556 g/1 by the end of the bioprocess.

Figure 1 (c) shows the time-course of substrate consumption as well as
the increase in biomass over 7 days of cultivation in the bioreactor with an
agitation speed of 100 rpm and an aeration rate of 1.5 vvm. The results show
that cell biomass intensely increases up to third day after which the growth
rate slows down to the end of the bioprocess when it reaches a value of 1,520
g/l. In accordance with the increase in cell biomass, consumption of the most
important nutrients is most intense up to 72 h of cultivation. Figure 1 (c) shows
intensive consumption of the nutrients during the first three days of cultivation
after which the carbon, nitrogen and phosphorus source is consumed by the end
of the bioprocess but slower. At the end of the bioprocess the residual values
of glycerol, nitrogen and phosphorus were 8.9 g/, 0.175 g/1 and 0.498 g/1, re-
spectively.
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Figure 1. Time-course of substrate consumption and cell growth during 7 days of S. hygroscopicus

cultivation in bioreactor with agitation speed of 100 rpm and aeration rate of 0.5 vvm (a), 1 vvm
(b) and 1.5 vvm (c)
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By analyzing the results it can be concluded that increasing the aeration
rate leads to a shortening of the exponential phase and an early stationary phase,
where the production of the desired biofungicides occurs (Gottschalk et al., 2003).

Effect of aeration rate on production of biofungicide

The effect of the S. hygroscopicus supernatant on two A. alternata storage
apple pathogens (T1Jg3 and KA10) was tested every 12 h of cultivation by
well-diffusion technique. The results of the experiments are shown in Figure 2.

Figure 2 (a) shows the production of biofungicide during the 7 days of
cultivation in a bioreactor with an agitation speed of 100 rpm and aeration rate
of 0.5 vvm using S. hygroscopicus. It can be seen that the maximum production
of antifungal metabolites occurs in 120 h of cultivation whereby the largest
inhibition zones diameter of 4. alternata KA10 (34.33 mm) and T1Jg3 (32.67
mm) mycelia growth were formed.

The production of antifungal metabolites effective on A. alternate isolates
in a laboratory bioreactor with an agitation speed of 100 rpm and an aeration
rate of 1 vvm is shown in Figure 2 (b). The stationary growth phase begins
during the third day of cultivation (Figure 1 (b)), while the maximum activity
of the produced antifungal metabolites is registered in 96 h of cultivation, when
the maximum inhibition zones diameters of isolate 4. alternata KA10 (51 mm)
and T1Jg3 (46.67 mm) were formed.

Figure 2 (c) shows the activity of the produced antifungal metabolites on
test phytopathogenic isolates during 7 days of bioprocess in a laboratory bio-
reactor with an agitation speed of 100 rpm and an aeration rate of 1.5 vvm.
Isolates of A. alternata species are most sensitive to the antifungal metabolites
produced in 96 h of cultivation, forming inhibition zone diameters for 4. alter-
nata T1jg3 and KA10 of 78.67 mm and 78 mm, respectively.

From the presented results, it can be concluded that increasing the aeration
rate from 0.5 vvm to 1.5 vvm at the same agitation speed of 100 rpm results
in a significant increase in the production of the desired antifungal metabolites
(Sousa et al. 2002; Yen and Li, 2014).

Table 1. Mean values of inibition zone diameter and significance of differences at 5%
level probability

Conditions Test phytopathogenic fungi  Mean value of inhibition zone diameter
100 rpm, 0.5 vvm T1Jg3 32.67%
100 rpm, 0.5 vvm KAI0 3433¢
100 rpm, 1 vvm T1Jg3 46.67°
100 rpm, 1 vvm KA10 51.00 ¢
100 rpm, 1.5 vvm KA10 78.00 ¢
100 rpm, 1.5 vvm T1Jg3 78.67¢

Values followed by the same letter are at the same level of significance
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Statistical analysis of obtained results showed that application of different
aeration rate had statistically significant (p<0.01) influence on mycelia growth
inhibition zone diameter (mm) for both test fungi. By analyzing the results
presented in the Table 1, it can be seen that the best inhibition of 4. alternata
KA10 and T1Jg3 mycelia growth is formed on a defined medium at agitation
speed of 100 rpm and aeration rate of 1.5 vvm by S. hygroscopicus (lowercase
letters d). Also, by increasing the aeration rate, the stationary phase occurs ear-
lier and the maximum production of the desired metabolites occurs 24 h earlier
than in the bioprocess with lower aeration rate (0.5 vvm) (Techapun et al., 2003).

CONCLUSION

The present study showed that aeration is a very important process pa-
rameter that is responsible for oxygen transfer, growth, and production of
antifungal metabolites in the laboratory bioreactor using S. hygroscopicus.
The results showed that the application of higher aeration rate contributes to
an increase in the production of the desired biofungicides effective against two
A. alternata isolates (inhibition zone diameters about 78 mm), while reducing their
production time. This fact contributes to the cost-effectiveness of the bioprocess
because it enables the bioprocess to be shortened from seven to four days.
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YTULIAJ AEPAIITUJE HA TTPOU3BOAKHY BUODGYHT ULIMA
[MPUMEHOM Streptomyces hygroscopicus

WBana )K. MUTPOBUR!, Jopana A. TPAXOBAIL, Jenena M. JIOIUR!,
3opana 3. POHUEBUR!, Muna C. TPAXOBAIT

" Vausepsurer y Hoom Cany, TexHosomku hakynrer,
JleapTMaH 32 OMOTEXHOJIOTH]Y H (hapMaleyTCKO HHKEHEPCTBO,
Bynesap napa Jlazapa 1, Hoeu Can 21000, Cpouja
? Vuusepsuter y HoBom Cazxy, [MossonpuBpenHn Qakyirer,
Jenaptman 32 GUTOMEIUIIMHY H 3alITHTY )KUBOTHE CPE/INHE,
Tpr Hocuteja O6pamosuha 8, Hosu Cax 21000, Cpbuja

PE3UME: bosnectu jabyka n3za3Bane puronaroreHuM ribuBama poaa Alternaria
MOCTaJIe Cy aKTyeJTHE MOCIENBIX roinHa, Kako y CpOuju Tako U y IPyTUM JeIOBHMa
cBeTa. 300T YHIBECHHIIE 12 ECTULUAN UMajy HHU3 HEKeJbCHUX e(exaTra Ha )KUBOTHY
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CPEAMHY U 37]paBJbe JbyI1, HAyYHUIU IHUPOM CBeTa (POKYCHUpPaHU CYy Ha TPOHATIAKEHE
aJTEPHATHBHUX HAYKMHA 32 KOHTPOILY OBE Ba)KHE HAMUPHULIE. YIIOTPeOa MHKPOOpra-
HU3aMa, ONTHMH3alKja MEAHjyMa U yCIIoBa 32 BbUXOBY KYJITHBALM]Y U TIPOU3BO/IY
61/10(1)yHr1/1u1/1)1a TIPE/ICTaBIbajy aKTyellaH paBall MCTpaXKMBamba. YTULR) acpaluje Ha
pou3BOAKY OnoyHrununa nomohy Streptomices higroscopicus npoyuasas je y 3 1
OnopeaxTopy, KopucTeh IPETXOIHO ONTHMH30BaHy TOJIOTY ca TIUIEPOIIOM Kao
H3BOPOM YTJhCHHKA. M3BPIIEHO je UCITUTUBAE TPOU3BOAHE OHOPYHTHIUIA Y TPU
Ouorporieca n3BeeHa Npy KOHCTAaHTHO] Op3uHK Memnama o 100 o/MuH a rpu paznuin-
TUM MHTeH3uTeTHMa aepanuje ox 0,5 1/1/min, 1 1/l/min u 1,5 1/l/min. YTBpheno je na
ce HajBeha mpon3Boama OHOGyHTHITNA ePUKACHUX IPOTUB 1Ba Alternaria alternata
M30J1aTa OCTBapyje MPUMEHOM HHTEH3UuTeTa aepanuje o1 1,5 1/1/min u Op3une Meriama
oz 100 o/min. CTaTucTHYKa aHAIM3a je MoKa3asa Ja ce HajBehn mpeyHuIn 30Ha HHXU-
ounuje pacta munenuje uzonara A. alternata KA10 (78 mm) u T1Jg3 (78.67 mm)
ocTBapyje Mpy HaBeJeHUM yciaoBuMa u 96 h kynTusanuje.

KJbYYHE PEYU: aepauwuja, Alternaria alternata, onodyHrunum, OHOKOHTPOIIA,
ouocuHTesa, Streptomyces hygroscopicus
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FLAME-WEEDING: IMPACT ON SOYBEAN PLANTS
AND SOIL MICROORGANISMS

ABSTRACT: Flame-weeding is a very useful method for weed control, especially in
organic production where the use of herbicides is prohibited. With this method heat sup-
presses weeds in row within a second. Apart from this, heat also affects growing crop plants
and surrounding soil. The aim of this paper was to determine the effect of different propane
doses, on photosynthetic and polyphenolic (total flavonoids and anthocyanins) pigments in
soybean leaves, as well as the number of microorganisms in the soil. Soybean plants exposed to
flame showed a different reaction to high temperature stress, which was reflected in differ-
ent content of analyzed biochemical parameters, but the most responsive were anthocyanins.
Actinomycetes turned out to be the most sensitive group of soil microorganisms affected by
weed flaming, while fungi were the most tolerant.

KEYWORDS: pigments, microorganisms, flaming, soybean, temperature stress

INTRODUCTION

In the last decade, organic production has increased considerably. The
need for successful, fast and efficient weed control methods without use of
herbicides became priority. Thermal suppression of weeds with flame is one
of non-chemical methods with great potential for use in practice, especially by
organic farmers (Rajkovi¢ et al., 2015). Compared to chemical measures, flaming
has its advantages, such as: quick effect on weeds, no residues in plants and
soil, no limits in the crop rotation, decrease in weeds resistance, and as opposed
to mechanical measures, there is no inhibition of weed germination and no prob-

* Coresponding author. E-mail: milos.rajkovic@nsseme.com
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lem with application on wet soil. However, there are some challenges that need
to be overcome: slow speed (low efficiency), use of fossil fuels, CO, emission,
fire danger (in windy conditions), influence on soil organisms and selectivity
of crops (heat stress to plants).

Oxidative stress is a part of drought, salt or temperature stress. It is ac-
companied with diffusion limitations through stomata and mesophyll and the
alterations in photosynthetic metabolism (Guidi and Calatayud, 2014). The
main cellular components susceptible to damage by reactive oxygen species
(ROS) that are produced during oxidative stress are lipids (peroxidation of
unsaturated fatty acids in membranes), proteins and enzymes (denaturation),
carbohydrates and nucleic acids. However, plants possess a wide range of anti-
oxidant defense systems to counteract oxidative damage by ROS consisting of:
(1) antioxidant enzymes, i.e. superoxide dismutase (SOD), catalase and differ-
ent plant peroxidases, which function as ROS scavengers; (ii) non-enzymatic
compounds, i.e. ascorbic acid, a-tocopherol, carotenoids, reduced glutathione
(GSH), polyphenols, etc. (Blokhina et al., 2003).

The essential part of flaming application is determination of high tem-
peratures effects on microbiological community of the soil. Microorganisms
are one of the key factors responsible for maintaining fertility of the soil, avail-
ability of nutrients (Alexander, 1967; Diaz-Ravina et al., 1993) and preservation
of the soil aggregates (Brussaard and Kooistra, 1993). Soil microorganisms
react strongly to any sudden change in their environment, including the tem-
perature. Extremely high temperature (125 °C) in the surface layer of the soil
up to the depth of 2 cm causes sterilization of the soil, transformation of or-
ganic matter into ash, evaporation of water and degradation of the soil structure
(Attivill and Leeper, 1987). Hence, it is necessary to conduct further research on
the effects of high temperatures on soil microorganisms, as well as the pos-
sibility of revitalization of the soil afterwards.

Since open flame used in flame weeding gets in contact with the cultivated
plants, beside weeds, this may cause damage in plants, i.e. oxidative stress and
affect soil microorganisms. Thus, the aim of this study was to examine the
influence of flaming on oxidative stress level in young soybean plants by mon-
itoring the change in content of photosynthetic (chlorophylls and carotenoids)
and polyphenolic (flavonoids and anthocyanins) pigments in soybean leaves,
as well as the number of microorganisms in the soil after flaming.

MATERIALS AND METHODS

Weeds suppression using open flame

Soybean plants (cv. Sava) were grown on experimental fields at the Insti-
tute of Field and Vegetable Crops on the location Rimski Sancevi, near Novi
Sad (45°16’N and 19°51’E at an altitude of about 80 m). The trial was set in
complete randomized block design in four replications. Seeds were sown in
10x3 m plots, with four rows, 75 cm distance between rows and at 4 cm depth.
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The dominant soil type was calcareous chernozem with the following basic
physical and chemical properties: coarse sand 0.80%; fine sand 39.95%; silt
35.76%; clay 27.49%; density 2.57 g/em®; pH in H,O 6.96; content of humus
2.59%; total nitrogen 0.192% N; hght-chaln phosphorus 8.4 mg P,0s/100 g
soil; light-chain potassium 27.3 mg K,0/100 g soil. Flame-weeding machine
(Rajkovi¢ et al., 2011) is modified four row cultivator with two burners placed
on both side of each row to suppress weeds in the row of the crop, while be-
tween rows, weeds are suppressed mechanically.

Young soybean plants were treated with flame in three growth stages: the
first trifoliate or V1, the three trifoliate or V3 and the six trifoliate stage or V6.
The treatment comprised of the control dose (without flaming) and eight dif-
ferent propane doses (20, 30, 40, 50, 60, 70, 80 and 100 kg/ha propane), in four
replications. Measured temperatures ranged from 33 °C (18 cm distance from
the nozzle; 20 kg/ha propane dose) up to 234 °C (4 cm distance and 100 kg/ha
propane dose) (Rajkovi¢ et al., 2020). Higher propane doses induced higher
temperatures on all altitudes. Plants were sampled together with their roots (five
hours after treatment) to avoid further stress and then transported to laboratory
in a portable refrigerator. Soil samples for microbiological analysis were taken
between the rows of soybean 1h and 24h after flaming, at the depth of 2 cm.

Plant pigments determination

Photosynthetic pigments, chlorophylls a and 5 (Chla and Chlb) and ca-
rotenoids were determined by Sairam et al. (2003/2004) and the results were
expressed in mg/g of fresh weight. The amount of flavonoids was determined
by Marckam (1989) and expressed as mg rutin/g dry weight, while anthocyanins
were determined using the pH differential method (Shen et al., 2007) and ex-
pressed as mg of cyanidin-3-glucoside/g of dried plant material.

Microbiological analysis of soil

Total number of bacteria on soil agar (10° 6) number of actinomycetes in
synthetic agar (10") and the number of fungi in Czapek’s agar (10™*) were
determined with the method of forming colonies on selective nutritious sub-
strates with three replications (Jarak and Duri¢, 2006). The number of the
examined microorganisms was recalculated per gram of absolutely dry soil.

Statistical analysis

Values of the biochemical parameters were expressed as means + standard
error of determinations made in triplicates and tested by ANOVA, followed by
comparison of the means by Duncan’s multiple range test (P<0.05). Data were
analyzed using Statistica for Windows version 11. Data from microbiological
analysis were logarithmized and processed statistically by using the software
Statistica 11 and performing Tukey’s test.
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RESULTS AND DISSCUSION

In our study, different propane doses used in V1 stage did not show sta-
tistically significant differences in Chlb and carotenoid content compared to
control. Yet, significant accumulation of Chla was observed after the applica-
tion of 80 kg/ha propane dose (Figure 1), probably due to desiccation of the
plant tissue caused by high temperature. In V3 stage, similar was noticed with
the Chlb and carotenoid contents, i.e. different propane doses did not influence
the change in pigments content compared to control. Only doses of 50 (for both
Chla and Chlb) and 60 kg/ha (for Chlb) of propane were stimulative to their
content (Figure 2). Similar trend in photosynthetic pigments accumulation was
also visible in the next monitored stage of development (V6). Only dose of 60
kg/ha of propane induced accumulation of Chlb. Apparent accumulation of
pigments in mentioned treatments could be due to desiccation of plant tissue.
Higher doses of propane induced plant deterioration and decreased pigment
contents (Figure 3).

The most important function of leaves is to produce assimilate through
photosynthesis. The leaf chlorophyll content is one of the key factors in deter-
mining the rate of photosynthesis and dry matter production (Ghosh et al., 2004).
The exposure of weeds to extremely high temperatures obtained by propane
burning leads to the rupture of cell membranes structure, protein denaturation,
protoplast leakage, dehydration and ultimately, the cell death and plant wilting.
Some plant species differ greatly in tolerance to flaming where monocotyledon
plants show higher tolerance towards heat of the flame (Ascard, 1998). Further-
more, species with protected apical meristem (at the tip of the stem) are more
tolerant compared to species with no protection of meristem, erect habitus and
thin leaves (Cisneros et al., 2008). Reaction of plants to open flame depends on
burner position, stage of the plant development, leaf moisture, etc. (Knezevic et
al., 2012). Different plant organs show different susceptibility to high tempera-
tures which is in close correlation with the presence of protective layers such as
hairs, waxes, suberized tissues or water content. All above mentioned indicates
the possibility of crop and weed regeneration after flaming. Thus, it is very
important to treat weeds with flaming in the most sensitive stages of their de-
velopment. Weeds are more tolerant in later phenophases, and the most sensitive
in the phase of cotyledons. According to Tercé-Laforgue et al. (2004), chlorophyll
content in different leaf stages of tobacco was one of the main senescence bio-
markers and regardless of the mode of N nutrition, a progressive decrease in
chlorophyll was noticed from younger to older leaves. Ascard (1995) found the
sigmoidal dose-response and speed-response curves imply that propane dose and
the ground speed can be adjusted to the required control effect, the weed flora
and the developmental stage of the plants. A 95% reduction in susceptible an-
nual weed species, in phase 0—4 true leaves, was achieved at propane doses of
10-20 kg/ha, and the weeds were completely destroyed at 20—50 kg/ha. Consid-
erably higher doses were needed at later developmental stages and for more
tolerant species. According to Stepanovi¢ (2013), both corn and soybean were
able to tolerate up to two flaming applications with propane dose of 45 kg/ha
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without any yield reduction. He suggested that for the best results soybean should
be flamed at VC and V4-V5. Combination of both flaming and interrow cultiva-
tion applied twice during the season is the most effective weed control treatment
in soybean (Stepanovic, 2013).

As for total flavonoids content, there were no significant differences be-
tween treatments and their controls (Figure 4). Only high doses of propane
(60—80 kg/ha) in the V1 and V6 phases caused a slight decrease in flavonoids
content, probably due to extended cell destruction. High temperatures may
cause inactivation and/or denaturation of the cell proteins (enzymes) which
might contribute to decrease in flavonoid biosynthesis.

Many elicitors, both biotic and abiotic, enhance anthocyanins biosynthe-
sis and accumulation: different carbon and nitrogen sources, osmotic pressure,
plant hormones, bacteria and yeast, UV light, salicylic acid etc. (Deroles, 2008).
In this experiment, all propane doses significantly affected anthocyanins ac-
cumulation, except for the lowest propane dose (20 kg/ha) (Figure 5). Intensive
accumulation of these phenolic pigments with protective role especially oc-
curred with the propane doses of 30, 40 and 50 kg/ha and they were signifi-
cantly higher compared to the control. That effect was observed in all three
stages of the development. Application of very high propane doses (70 and 80
kg/ha) in V1 and V6 stage resulted in thermal destruction of the cells and the
content of anthocyanins was very low. Contrary to this, there was no thermal
destruction in V3 stage and all seven treatments with propane showed higher
or similar anthocyanins content when compared to the control (Figure 5).
Obtained data showed that soybean polyphenolic pigments exhibited different
metabolic reaction towards heat induced stress, with anthocyanins as the most
responsive pigments to applied abiotic stress.

Ocar mchla ®mchlb

Photosynthetic pigments content
(mg/g dw)

— ] 7y

—  th k) h W ta

<o
L

c 20 30 40 50 60 70 80
Propane dose (kg/ha)

Figure I. Changes in the photosynthetic pigments content in dependence to propane
dose in the stage V1
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Figure 2. Changes in the photosynthetic pigments content in dependence to propane
dose in the stage V3
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Figure 3. Changes in the photosynthetic pigments content in dependence to propane
dose in the stage V6
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Figure 5. Changes in the anthocyanins content in dependence to propane dose in
the stage V1, V3 and V6
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The use of different amounts of propane in the soybean crop flaming had
affected the total number of bacteria (24h after flaming) and actinomycetes in
the soil (24h after flaming), whereas the amount of fungi seemed almost unaf-
fected (Table 1). Bearing in mind the importance of all microbial groups in soil
fertility, further research on the effects of high temperatures on soil microor-
ganisms have to include integrative approach with potential soil revitalization
methods.

Table 1. The effect of flaming on the total number of bacteria, total number of actinomy-
cetes and total number of fungi (logarithmized number per gram of absolutely dry soil)
in the soybean crop 1h and 24h after flame application. a,b,c — different letters indicate
significant difference according to Tukey’s test of homogeneity of variants.

Variants Bacteria Actinomycetes Fungi
lh 24h 1h 24h 1h 24h
1 6975 ¢ 6.614 b 5.607 a,c 4.546 a 4915a 4.138 a
2 7.256 b 7.045 a,b 5.333 b,c 4921 a 4818 a 4775 a
3 7.203 b,¢ 7.280 a,b 5.531 a,c 4746 a 5.103 a 4.672a
4 7.846 a 7.561a 5.366 b,c 4.694 a 4943 a 4.895a
5 7.132 b,c 7.228 a,b 5.168 b 5.062 a 5.046 a 4236a
6 7738 a 7.259 a,b 5.866 a 4728 a 5.184 a 4902 a
7 7.666 a 6.811b 5.528 ¢ 5110 a 5.107 a 4728 a
8 7.143 b,c 7.149 a,b 5.287 b,c 4.872a 4.709 a 4.872a

CONCLUSIONS

Soybean plants exposed to oxidative stress induced with high temperatures
responded by accumulation of anthocyanins almost proportionally with the
increase of propane concentrations. Thus, this biochemical parameter could
be recommended as stress marker in the field practice due to positive effective-
ness/damaging ratio. The use of weed flaming as agrotechnical method in the
soybean crop had negative effect on the number of soil actinomycetes, espe-
cially 24h after the flaming treatment.
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YTULAJ ITPUMEHE ITNTAMEHA HA YCEB COJE
N 3EMJBUITHE MUKPOOPTAHU3ME

‘Bophe P. MAJIEHUUR!, Topan C. MAJIUIIA?, Munom M. PATJKOBHUR?,
Busbana M. KUTIPOBCKW?, Cumonuzna C. BYPUR!, Kpucrtuna I1. I[IETPOBUR?,
JoBana B. KPCTU'R?

! Vuusepsurer y HoBom Cany, [TossonpuBpennn Gpakynrer,
Tpr Hocuteja O6pamosuha 8, Hosu Cax 21000, CpOuja
WHCTUTYT 3a paTapcTBO U IOBPTAPCTBO,
Maxcuma I'opkor 30, Hoeu Cax 21000, Cpbuja

PE3VME: Cy36ujame KopoBa IIIaMEHOM je KOPHCHA METO/Ia 3a IbIXOBY KOHTPO-
11y, HAPOUUTO Yy OPTAHCKOj ITPOM3BOALY T/ je 3a0pameHa ynorpeda CHHTETHUKUX
xepbunna. [IpumenoMm oBe MeTOzIE e, y ACIY CEKYH/IE, IUTAMCHOM Cy30H]jajy KOpoBH
y peny yceBa. KoHTakT ¢ miiaMeHOM yTHYE HE CaMO Ha rajeHy OuJbKy, Beh v Ha 3eMJbH-
mrre. Llvb oBor paja Ouo je yTBphuBame yTHIaja IpUMeHe pa3IudruTHX 1032 IIaMeHa
Ha OMJBbKE U 3eMJbHUIIIHE MUKPOOPIaHU3Me Y yCeBY coje. MepeH je caapikaj GoToCHHTe-
TUYKUX ¥ TONU(PEHONHUX (YKYTHHX (DIaBOHOWA M aHTOLMjaHWHA) TUTMEHaTa y OnJb-
Kama coje, kao 1 Opoj MUKpoopranusamMa y 3eMJbuiity. [Ipu cy30ujamy KopoBa riame-
HOM, OHMJBbKE COje Cy IoKa3ae pa3anduTy peakiinjy Ha TEeMIIEpaTypHHU CTpPEC, IITO Ce
OIPa3uJIO Ha PA3JIMYUT CaApKaj aHATM3UPAHUX OMOXEeMH]CKHUX MapaMeTapa, ajli Haj-
Beha mpoMeHa 3amakeHa je y cajpikajy antonujannHa. HajoceTspuBuja rpymna MUKpO-
OpraHu3amMa Ha IpUMEHY IIJIaMeHa y cy30Hjamy KopoBa Cy Oujie akTHHOMMLETE, JOK
Cy TJbHBE OMJIe HAjTOJIEPAHTHH]E.

KJbYUHE PEUM: nurMeHTH, MUKPOOPraHU3MH, IIJIAMEH, COja, TeMIepaTypHU
cTpec
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EFFECT OF Trichoderma harzianum
ON MORPHO-PHYSIOLOGICAL PARAMETERS
AND METAL UPTAKE OF TOMATO PLANTS

ABSTRACT: In this study we have investigated the effect of 7. harzianum on growth,
content of chlorophyll and epidermal flavonols and metal distribution in tomato plants.
Trichoderma strain, isolated from the A horizon (5-30 cm) of agricultural soil used in organic
production, was applied near the root in the sixth leaf development phase of tomato. Tomato
plants were grown in a growth cabinet up to the stage of 10 leaves. Content of chlorophyll (Chl),
epidermal flavonols (Flav) and antocyanins (Ant) were measured in vivo non-destructively.
The concentration of Cd, Co, Cu, Cr, Fe, Mn, Ni, Se, and Zn was measured in different parts
of tomato plants by ICP-OES method. Results have shown that 7richoderma application
positively affected growth of tomato plants, and significantly decreased nitrogen balance
index. In Trichoderma treated plants the contents of Cr and Ni were significantly reduced
in roots, while content of Cd tended to decrease in all plant parts, significantly in roots.
Presented results indicate that investigated isolate is worthwhile testing for plant growth
promotion in field conditions, taking in account different supply of macro and micronutrients.

KEYWORDS: ICP-OES, dualex sensor, Trichoderma, metals, tomato

INTRODUCTION

Agricultural soils are affected with metal pollution by different means,
either with use of sewage sludge compost, mineral fertilizers or recycled water

* Corresponding author. E-mail: dejana.pankovic@educons.edu.rs
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(Carbonell et al., 2016). Heavy metals persist in the environment as they are
non-degradable, causing crop yield reduction and decreasing quality of crops
(Singh et. al., 2011). The increased food demand imposes the need for available
productive agricultural land. For tomato cultivars, as one of the most consumed
vegetable in the world, it is of great importance to get information on metal
content in different plant organs (Ma et al., 2016). As a result of metal toxicity,
transfer and bioaccumulation through the food chain, high metal concentrations
in soils present a risk for human health. Bio Accumulation Coefficient (BAC)
i.e. the ratio of metal concentration in the whole plant to that in soil (Zayed et al.,
1998) and the Translocation Factor (TF), the ratio of metal concentration in
shoot, to that in roots (Fayiga and Ma, 2006; Zhang et al., 2002), are quantita-
tive parameters of metal distribution in plants. BAC and TF are used to assess
metal distribution in plant species. These indexes provide us with information
on the translocation and accumulation of examined metals transferred from
soil to the edible parts of a plant. Furthermore, they can be used for estimation
of possibility to use plants in phytoremediation techniques (Barman et al., 2010;
Rodriguez-Iruretagoiena et al., 2015).

Indigenous beneficial microorganisms can decrease soil metal availability
to plants and promote plant growth due to positive interaction with roots (Eltlbany
et al., 2019).

Fungi that belong to the genus Trichoderma are endophytic plant symbi-
onts with beneficial effects influencing plant growth and yield. They colonize
plant rhizosphere and through mechanisms of competition, antibiosis and my-
coparasitism they are good candidates for the use in agriculture as plant growth
promoters and biocontrol agents (Harman et al., 2004).

Flavonoids (e.g., flavones, flavanones, flavanonols, flavanols, isoflavones
and lignans) and their derivatives encompass a large group of secondary me-
tabolites specifically induced by symbionts (Hassan and Mathesius, 2012). It is
suggested that flavonoids in the root could be involved in the regulation of a
temporary defence response in the root triggered by the symbiont invasion.

The non-destructive measurements of epidermal flavonoids based on the
fluorescence excitation ratio method (Cerovic et al., 2002), comparing chloro-
phyll fluorescence induced by ultraviolet (UV) radiation (375 nm) with that
induced by red light (650 nm) (Goulas et al., 2004) has been used in many plant
species. Positive relationship (+* = 0.97) between measurements of total flavonoid
content from laboratory analysis and amounts detected non-destructively have
been confirmed in medicinal plants (Ibrahim and Jaafar, 2012), grapevine
(Agati et al., 2008) and white cabbage (> = 0.93) (Agati et al., 2016).

It is known that some isolates of Trichoderma are known to tolerate higher
contents of metals in soil (Tripathi et al., 2013). In this study we have applied
Trichoderma harzianum SZMC 20660, strain tolerant to increased metal con-
centrations (Raci¢, 2017), to investigate its effect on tomato growth, content
of epidermal flavonols and chlorophyll in leaves, and metal distribution in
roots, stem and leaves of tomato plants.
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MATERIAL AND METHODS
Experiment set up

Tomato plants were grown in a growth cabinet at control conditions (LI:
250 umolm™s™, day/night T: 23/17 °C, RH: 60% and PP: 14 h). Experiments
started when tomato ]alants were in the phase of established six leaves and
continued until the 10™ leaf appeared. The plants were sown in the mixture of
soil: peat (1:5 mass ratio) in pots. Ten uniform plants per treatment were used
for the experiment.

Fungal suspension

Strain Trichoderma harzianum SZMC 20660 (deposited in the Szeged
Microbiological Collection (SZMC); Department of Microbiology) was isolated
from the A horizon (5-30 cm) of agricultural soil used in organic agriculture.
Prior to preparation of fungal suspensions, 7. harzianum isolate was preincubated
at 25 °C in the dark. Suspensions were prepared as follows: pure culture of 7.
harzianum isolate was grabbed from a Petri dish, resuspended in 100 ml of tap
water, and shook for 2 h on 50 rpm. Final concentration of 7richoderma sus-
pension was 8x10° CFU/ml, added in the vicinity of root.

Measurements of plant morpho-physiological parameters

Indices of chlorophyll (Chl), epidermal flavonols (Flav) and antocyanine
(Ant) were measured in vivo non-destructively with Dualex sensor (Force-A,
France). Plant growth parameters were determined after harvesting the plants
at the end of the experiment.

Measurements of metals

The concentrations of heavy metals (Cd, Co, Fe, Cr, Cu, Mn, Ni, Pb Se,
and Zn) in the different plant organs were determined by inductively coupled
plasma-optima emission spectrometry (ICP/OES system — Thermo iCAP 6500
Duo). Automated system for microwave-assisted digestion (Berghof MSW 3p)
was used for sample preparation, according to the EPA 3052 method. Deter-
mination of the metals in soil was performed by EPA 6010 ICP-OES method.

Calculation of metal mobility

To evaluate the mobility of heavy metals from the soil into the plants and
the ability to translocate the metals to the harvestable aerial part, the following
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factors were used: BioAccumulation Coefficient (BAC, ratio of metal concentra-
tion in the whole plant to that in soil) (Zayed et al., 1998) and the Translocation
Factor (TF, ratio of metal concentration in shoot, e.g. the aerial part of the plant,
to that in roots (Fayiga and Ma, 2006; Zhang et al., 2002).

Statistical analysis

Data are means of at least three replicates from four to ten different plants
from each cultivar/treatment combinations. The results were analyzed by Tukey
test using GraphPad Prism software.

RESULTS

Plants that were grown in presence of Trichoderma had higher fresh weight
of leaves (25%) compared to control. However, Trichoderma presence did not
affect fresh weight of stem and root significantly (Figure la). Dry weight of
leaves and stem of 7richoderma inoculated plants was higher for 40% and 31%
respectively, while dry weight of roots was not significantly affected (Figure 1b).

la) 1b)
Plant parts fresh weight (g) Plant parts dry weight (g)

5
30+ a a

o A o A o A

LEAF STEM ROOT LEAF STEM ROOT
Figure 1. Fresh (a) and dry (b) weight of plant parts in control conditions (C) and after
Trichoderma application (T). Means with the same letter in the same type of column are
not significantly different from each other according to Tukey’s test (p<<0.05). Error lines
represent + standard deviation of the mean.

Both flavonol index and chlorophyll content increased in leaves of 7richo-
derma treated plants, in comparison to the control, but without significant
statistical difference. However, the observed decrease of NBI for 16% was
statistically significant (Table 1).
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Table 1. Mean values of indices of chlorophyll (Chl), epidermal flavonols (Flav), anthocya-
nin and nitrogen balance index (NBI), as determined on ten plants of examined tomato
cultivar per treatment: without (C) or with 7. harzianum application (T)

Chl Flav Anth NBI
C 29.17 +0.80° 0.16 £0.02¢ 0.9 +0° 188.98 +26.19*
T 30.52 +0.95¢ 0.22 +0.01¢ 0.9 +0° 158.25 +13.19°

Means with the same letter in the same column are not significantly different from each other
according to Tukey’s test (p<0.05). Error lines represent + standard deviation of the mean.

Trichoderma application affected contents of Cr, Ni and Cd in plant parts.
Contents of Cr and Ni were lower in roots of tomato plants grown in the pre-
sence of Trichoderma, however it did not change significantly in other plant
parts (Figure 2a and 2b). Trichoderma application had significant effect on
content of Cd in stem compared to control plants, however it was not changed
significantly in leaves and roots (Figure 2¢). Contents of Co, Cu, Fe, Se, Zn
and Mn were not affected by Trichoderma treatment (Table 2).

a) Cr content (mg/kg) b) Ni content (mg/kg)
8- 20-
a

154

10

54

04

LEAF STEM ROOT LEAF STEM ROOT
©) Cd content (mg/kg)
1.5 a

1.0+

0.5

0.0-

LEAF STEM ROOT

Figure 2a. Chromium, 2b. nickel and 2¢. cadmium content in different plant organs at
different treatments: control plants (C) and plants treated with Trichoderma (T). Means with
the same letter in the same type of column are not significantly different from each other
according to Tukey’s test (p<0.05). Error lines represent + standard deviation of the mean.
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Table 2. Metal content in different plant organs at different treatments: control plants (C)
and plants treated with Trichoderma (T)

Metal LEAVES STEM ROOTS
content/treatment C T C T C T

Co (ppm) £ STDEV [0.14£0.01°  |0.16£0.01°  |0.18+0.03" [0.18£0.11> |0.94+0.07*  |0.89+0.09"
Cu (ppm) = STDEV [19.15£9.48"  [17.77+8.01* |13.54x2.19" |15.41+1.54° |28.44+7.64°  |26.3347.18"
Zn (ppm) = STDEV |64.80+£23.50°¢|51.74+10.75° |131.75+1.15%|127.72+37.75%| 112.45+20.05*|81.2312.8%*
Fe (ppm) = STDEV |122.30+22.00|149.45+32.35|63.20+4.05°|55.65+5.73° |1003.30+61.70%|1023.5+49.5
Mn (ppm) £ STDEV [51.78£7.09°  [55.9211.24" |17.89£2.97°|16.61+0.06° |41.13£5.11*  |44.53+4.28"
Se (ppm) £ STDEV |1.49£1.14°  [1.21£0.67  |0.36£0.07° [0.46+0.25* [0.23£0.09"  [0.45%0.18"

Means with the same letter in the same column are not significantly different from each other
according to Tukey’s test (p<0.05). Error lines represent + standard deviation of the mean.

Bioaccumulation and translocation factors were calculated to estimate the
uptake and transport of metals from the soil and along different parts of the
plant. In control conditions the highest BAC values for Co, Cu, Cr, Fe and Ni
were observed in roots, for Mn in leaves and for Cd and Zn in stem (Table 2).
Trichoderma treatment modulated BAC for Cd and Fe that accumulated mostly in
leaves. BAC for Ni in roots has decreased in Trichoderma treatment. In control
conditions the translocation from root to stem was higher in case of Cd, Co, Cr
and Ni, while the translocation to leaves was higher for Cu, Fe and Mn. Tricho-
derma treatment has increased the TL of Co, Cr, Fe, Zn and Ni to leaves (Table 3).

Table 3. Bioaccumulation (BAC) and translocation factors TL for tomato plants grown in
control (C) and Trichoderma ammended soil (C+T)

metal tretman TL/LEAVES BAC/LEAVES TL/STEM BAC/STEM BAC/ROOTS

cd C 1.3969 0.0104 2.2932 0.0167 0.0074
C+T 1.2831 0.0645 0.7578 0.0408 0.0522
Co C 0.1500 0.0132 0.2015 0.0176 0.0882
C+T 0.1834 0.0132 0.2134 0.0154 0.0717
Cu C 0.6293 0.3698 0.5354 0.2821 0.5642
C+T 0.6395 0.3821 0.6495 0.3489 0.5759
Cr C 0.0938 0.0075 0.1466 0.0116 0.0867
C+T 0.1171 0.0066 0.1810 0.0114 0.0621
Fe C 0.1210 0.0057 0.0630 0.0029 0.0463
C+T 0.1448 0.0063 0.0548 0.0023 0.0430
Mn C 1.2568 0.0643 0.4327 0.0223 0.0511
C+T 1.2431 0.0577 0.3766 0.0173 0.0461
Ni C 0.1507 0.0300 0.1974 0.0390 0.1985
C+T 0.2951 0.0385 0.1432 0.0188 0.1294
7n C 0.6336 0.4610 1.2119 0.9254 0.7844
C+T 0.6746 0.3390 1.5372 0.8134 0.5214
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DISCUSSION

Fungi of the genus Trichoderma spp. are plant endophytic symbionts pos-
sessing beneficial traits such as promotion of plant growth and yield (Harman
et al., 2006). It was shown previously that the addition of the Trichoderma
suspension to the soil has led to an increase growth of the tomato (Azarmi et al.,
2011; Khan et al., 2017) and cucumber Yedidia et al. (2001). Tucci et al. (2012)
investigated the influence of 7richoderma on the root of different tomato geno-
types and concluded that the addition of the Trichoderma had positive effects
on most of the genotypes tested in terms of increasing fresh and dry root mass.
The results obtained in this paper are in agreement with the literature data,
and show that the addition of 7. harzianum stimulates growth of tomato plants.
However, mechanisms by which Trichoderma may influence plant development
are still unclear. Yedida et al. (2001) suggested that the improved plant nutri-
tional level may be directly related to a general beneficial growth following 7.
harzianum inoculation.

The content of chlorophylls and epidermal flavonols in the leaves of plants
is known to be an important indicator of nitrogen status in a plant (Cartelat et
al., 2005). The chlorophyll content is positively correlated with the nitrogen
content while content of epidermal flavonols is inversely correlated to nitrogen
content (Guller et al., 2016). In our experiment, the higher chlorophyll content
in plants grown in the presence of Trichoderma, was not statistically significant
as compared to control. Trichoderma presence significantly affected flavonol
content. This is in accordance with the results of Mayo-Prieto et al. (2019).
These authors have identified six flavonoids that were significantly increased
in bean plants in the presence of Trichoderma strain with major stimulation of
plant growth. Moreover, the detailed metabolome and transcriptome analysis
of Coppola et al. (2019) have shown that 7. harzianum colonization strongly
affects and remodels phenylpropanoid pathway of tomato plants. Our data on
decreased NBI in Trichoderma treated tomato plants indicates a shift from
primary to secondary metabolism and is in accordance with literature.

Metals in soil present in increased concentrations pose a danger to human
health and environment. They can be found in soil in two forms: the ionic form
or bound to the absorption complex. Plants can absorb them either from an
aqueous solution or from a non-specific bound absorption complex, and the
degree of absorption depends mainly on its form present in the soil. Vegetable
plants have the greatest ability to accumulate heavy metals. For higher plants
Cu, Mn, Mo, Ni, Fe and Zn are essential. However, As, Cd, Pb and Sn are only
found as trace elements (Alloway, 2013).

Some species belonging to the genus Trichoderma are used in the removal
of toxic substances from soil (Harman et al., 2004). The greatest variability of
Trichoderma species is in the soil top horizon, especially in the rhizosphere of
different vegetables (Raci¢ et al., 2016). Kredics et al. (2001) have shown that
selected strains of these fungi can bind heavy metals and thus make them less
toxic to the environment.
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In this work we have examined effect of 7° harzianum on the distribution
of different metals in the roots, stem and leaf of tomato plants. Our results on the
highest accumulation of Co, Cu, Cr, Fe and Ni in roots, Mn in leaves and Cd and
Zn in stem, in control conditions are in accordance with previously published
results (Andal and Ching, 2014; Carbonell et al., 2016; Gharabeh et al., 2016;
Salem et al., 2006). The results indicated that the presence of this strain sig-
nificantly reduced the cadmium content in all plant parts, while the chromium
and nickel content was significantly lower in the root.

The literature data on the effect of 7richoderma inoculation to the plant
uptake of nutrients are not consistent. For example, Khan et al. (2017) reported
that the concentrations of Cu, Fe, Mn and Zn significantly increased in roots
and shoots of tomato plants inoculated with 7. harzianum. Yedida et al. (2001)
also found significant increase in the concentration of mentioned elements in
T harzianum — inoculated cucumber roots. In contrast, decreased concentra-
tions of Cu, Mn and Zn were observed in wheat plants grown on a calcareous
medium and inoculated with 7. asperellum (De Santiago et al., 2011). The
authors suggest that the decreased concentrations of these elements in plants
was due to the competition between plants and 7richoderma. Likewise, study
on tomato plants grown in hydroponics, with specific nutrient deficiency, in-
dicated that the effect of 7. harzianum inoculation depended on the deficient
element. In case of Fe and Cu-deficiency inoculation was accompanied with
the increased uptake of these elements. However, in case of Cu deficiency, the
uptake of Cu was suppressed in inoculated plants, due to competition with
Trichoderma.

CONCLUSION

Based on the results obtained, it is confirmed that the application of 7richo-
derma had a positive effect on the growth and development of tomato plants.
Furthermore, nitrogen balance index, when Trichoderma applied, influences the
transport and redistribution of examined metals in tomato. Most importantly
it decreases the uptake of toxic elements (Cd, Ni and Cr) and their content in
different tomato parts, suggesting it can reduce heavy metal availability to
plants. The results of this paper indicate that 7. harzianum SZMC 20660 is
worthwhile testing for plant growth promotion in field conditions, taking in
account different supply of macro and micronutrients.
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E®EKAT Trichoderma harzianum HA MOP®O-ON3UOJIOLIKE
ITAPAMETPE U YCBAJABE METAJIA KO/l BUJbAKA TTAPAJIAJ3A

Urop JI. BYKEJIUR!, Topnana M. PAITU'R!, Mupjana M. BOJOBUR',
Harama XK. AYPUU'R?, Jlaunua 3. MPKAJUR?, .H)P/6I/IHKO b. JOBAHOBHR!,
Hejana M. IAHKOBU'h

"' Vuugepsuter Enykonc, DakynateT ekosiomke nosbonpuBpese,
Bojsone [Tyrauka 87, Cpemcka Kamenwna 21208, Cpouja
> Vuusepsutet y Hosom Cany, UHCTUTYT 3a pexpaMOeHy TeXHOJIOTH]Y,
Bynesap napa Jlazapa 1, Hosu Cax 21000, CpOuja
3 A BuoTexJ1a6, Bojone ITytruka 87, 21208 Cpemcka Kamennna

PE3VME: V¥ oBoMm pany ucniuras je ytuuaj 1. harzianum Ha pacT mapanaj3a, ca-
JIpKaj XJIOpOo(HIIa i eMUIepMATHUX (PIaBOHOMA, KA0 M PACIIOIeNTy MeTala y pa3IHunuTe
JeroBe OrIbke. busbke ¢y y3rajane y cakcujama JOK HUCY qocturie ¢asy ox 10 mucrosa.
W3onar kopuinheH y eKCIIepUMEHTY je U30J10BaH 13 A xopu3onta (5—30 cm mospornpu-
BPEIHOT 3eMJBHINTA KOpUIIheHOM y opraHckoj mpou3Boamu. Caapxaj xiaopoduna,
enuaepManHuX (pIaBoOHONA U AaHTOIMjaHHHA MEPEH j€ in Vivo HelleCTPyKTHBHOM Me-
tonom. Canpikaj merana Cd, Co, Cu, Cr, Fe, Mn, Ni, Se u Zn je y nenoBuma Ousbaka
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napanaj3a m3mepeH ICP-OES meronom. Pesynratu cy mokazanu na je npuMeHa onadpa-
HOT U30J1aTa JI0BeJa 10 CMambemha HHAeKca OajlaHCca a30Ta | J1a je MO3UTUBHO yTHLAJa
Ha pacT Onjbaka napajajza. ¥ OuspkaMa Koje cy TpeTupane takohe je mpumehen u 3Ha-
4ajHo cMameH caapikaj Cr u Ni y kopeny, a cajpxkaj Cd je moka3zao TCHJICHIIH]Y CMatbe-
a y CBUM OMJPHHUM JICTIOBHMA, Ca CTaTHCTUYKOM 3HadajHourhy y kopeny. [Ipukasanu
pesynTaru ykasyjy Ha moTpedy TecTHpama 0gadpaHor H30JaTa y MOJECKUM YCIOBHMA,
ca OCBPTOM Ha Pa3iIHYUTy JOCTYITHOCT MHKPO U MaKpO HyTpHjeHATA.
KJbYYHE PEUU: ICP-OES, dualex cenzop, Trichoderma, meranu, napasaj3
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MERCURY POLLUTION OF SEDIMENTS FROM
THE RIVER TISA (SERBIA)

ABSTRACT: Mercury (Hg) has been listed as a global high priority pollutant by many
international organizations due to its mobility and persistence in the environments and high
toxicity to organisms. This research was conducted with the aims to determine: (i) total Hg
content (THg) and its spatial distribution in sediments of river Tisa along the river course,
(i) possible sources of THg and (iii) degree of THg pollution in sediments from the river
Tisa through different criteria. Total Hg in the sediments ranged from 0.07 to 0.49 mg kg™!,
with mean + S.D. value of 0.26 + 0.10 mg kg™'. The highest mean value of THg (0.30 mg kg™
was found in the lower stream, while the lowest (0.13 mg kg) was found in the tributary.
According to Principal Component Analyses (PCA) strong positive loading of metals in all
parts of the river Tisa is mainly controlled from the same sources. These sources are related
to anthropogenic activities based on calculated Enrichment Factor (EF) values. Total Hg are
higher than background value. According to the Republic of Serbia official standard, THg
values of river Tisa sediments were within the range of maximum permissible values. Com-
pared with National Oceanic and Atmospheric Administration (NOAA) guideline, 80.49%
of sediment samples indicated that THg in the river Tisa sediments represented minimal and
possible risk towards the living organisms. Integrating the results of pollution assessment,
it could be concluded that THg in river Tisa sediments in Serbia demonstrates considerable
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contamination according to Geoaccumulation Index (Igeo), and Contaminant Factor (CF),
and high pollution risk according to Potential Environmental Risk Index (PERI).
KEYWORDS: mercury, risk assessment, sediments, river Tisa

INTRODUCTION

Mercury (Hg) has been listed as a high priority pollutant by many inter-
national organizations due to its persistence in the environments and high
toxicity to organisms (Jiang et al., 2006). A global effort to common start in
solving this problem has been finalized by the adoption of the Minamata Con-
vention on Mercury (UNEP, 2019). This Convention requires that countries
around the world control both new and existing sources of Hg emission and
monitor the effectiveness of those controls. The control and management of
Hg pollution require both global and regional efforts. Ninkov et al. (2017) studied
total Hg content (THg) in agricultural soils from the aspect of soil suitability for
the production of healthy and safe food, and its spatial distribution in different
parts of Vojvodina province (Serbia). The same authors found the highest THg in
alluvial plains of the Danube, Sava and Tisa. In aquatic systems, sediment is
usually considered as an ultimate sink of pollutants discharged from land-based
sources, such as heavy metals and persistent organic pollutants. Mercury can
accumulate in sediments and be released to the surrounding media posing a
risk on the living world. In rocks and sedimentary deposits, Hg is characterized
by very low natural background concentrations. Thus, an anthropogenic impact
can easily be detected by a significant increase of its concentrations. Based on
previous research focused on the analysis of background levels of heavy metals
in the river Tisa sediments (Strbac et al., 2018), and in the view of the impor-
tance of regional studies of THg, 1nvest1gat10n of THg in the river Tisa sedi-
ments in this study continued with other aspects of observation. In the present
study, a great number of samples were observed, and in addition, a direct ana-
lytical method with a lower detection threshold was applied (Nedi¢ et al., 2019).
This research was conducted with the aims to determine: (i) THg and its spa-
tial distribution in sediments of river Tisa along the river course, (ii) possible
sources of THg and (iii) degree of THg pollution in sediments from the river
Tisa through different criteria.

MATERIALS AND METHODS
Study area and sample collection

A total of 41 sediment samples were collected from twenty sites. Thirty-
seven samples were taken from river Tisa (13 from upper and 12 each from
middle and lower stream). Sampling transect was about 150 km long and stream
deposits were collected approximately every 10 km (Figure 1). Four sediment
samples were taken from tributaries Begej and Jegricka River and crossed
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meander Mrtva Tisa. The sediment samples were taken from depth 0—60 cm
depending on the site. The sediment samples were sectioned at 15 cm intervals,
taking one to four samples per site. After sampling, the samples were stored
in polyethylene bags. The initial quantity of samples was approximately 1.5
kg. The samples were air dried in the laboratory, ground in a mortar and passed
through a 0.063 mm mesh in order to achieve consistent physical properties.
Sediment samples were collected from September to November 2010. A glob-
al positioning system (GPS, Garmin Etrex summit HC, Kansas City, USA) was
used to target the different sites.

HUNGARY

Danube
Danube

"\/—«»J\. N

Sava

Legend

B UPPERSTREAM
A  MIDDLESTREAM
©® LOWERSTREAM
¥ TRIBUTARY

Figure 1. A — Study site; B — Flow of the river Tisa in the Vojvodina province;
C — Sites of sediment samples collection.

Laboratory analysis

Particle size distribution was determined in <0.063 mm fraction by the
pipette method (Obradovi¢ and Vasi¢ 1988). Back-titration with 0.5 N NaOH
and phenolphthalein as an indicator was used to determine carbonate content.
For THg the samples were analyzed using Direct Mercury Analyzer DMA 80
Milestone as described in Nedi¢ et al. (2019). Three replicates of each sample
were used. Quality assurance and quality control (QA/QC) were conducted by
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certified reference material BCR 142R (light sandy soil) — EC, JRC, Institute
for Reference Materials and Measures. Analysis of BCR samples achieved
analytical precision, measured as relative standard deviation, of 0.0025%. The
accuracy was within interval 92.84-109.70%, and recovery was 101.11%. The
limit of detection (LOD) in our study was 0.0033 mg Hg kg'. Provided QA/QC
procedure verified the validity of applied analytical method.

Assessment of THg contamination in sediment

Background value (Strbac et al., 2018), national legislation (Official Ga-
zette of RS no. 50, 2012), National Oceanic and Atmospheric Administration
(NOAA) guideline (Bolafios-Alvarez et al., 2016), and calculation of Enrich-
ment Factor (EF), Geoaccumulation Index (Igeo), Contaminant Factor (CF),
and Potential Environmental Risk Index (PERI) were used for the assessment
of THg contamination in river Tisa sediments.

According to Ergin et al. (1991) EF is calculated in the following way:

EF = (CTHg/CAl)samples / (CTHg/CAl)background area

where (Crig/Cal)samples 18 the ratio of THg (Cry,) to the Al concentration (Caj)
samples 111 the sediment sample and (Crye/Cai)backgrouna Value is the same ratio in
an unpolluted reference sample. The EF classes are: <l no enrichment; 1-3
minor enrichment; 3—5 moderate enrichment; 5—10 moderately severe enrich-
ment; 10-25 severe enrichment; 25-50 very severe enrichment; >50 extreme-
ly severe enrichment (Birch and Olmos, 2008).

The Igeo was used to assess Hg contamination in sediments, and is ex-
pressed by Miiller (1969) as follows:

Igeo = log, Cry,/1.5 X By

where Cryg is the measured THg in the sediment, B, is the THg geochemical
background value of each basin. The constant 1.5 allows us to analyze natural
fluctuations in the content of a given substance in the environment and to
detect very small anthropogenic influences. Igeo classes are: <0 unpolluted;
0—1 unpolluted to moderately polluted; 1-2 moderately polluted; 2—3 moder-
ately to highly polluted; 3—4 highly polluted; 45 highly to very highly polluted;
5—6 very highly polluted (Yaqin et al., 2008).

The PERI was proposed by Hakanson (1980). It has been applied to evaluate
the harm of heavy metals in the sediments. The method was described as follows:

1. Contamination Factor (CF) is the ratio obtained by dividing the concen-
tration of metal (C) in the sediment by the background value (Co) (Hakanson,
1980):

CF=C/Co
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According to Hakanson (1980), CF <1 indicates low contamination; 1<
CF <3 is moderate contamination, 3< CF <6 is considerable contamination,
and CF >6 is very high contamination.

2. The Potential Ecological Risk Index for the single heavy metal pollution
(E;) was described as follows:

Ei=T x CF

where T is the toxic-response factor, and is 40 for Hg (Hakanson, 1980), and
CF is contamination factor. E; classes suggested by Hakanson (1980) were: <40
low risk; 40< E; <80 moderate risk; 80< E; <160 considerable risk; 160< E;
<320 high risk; >320 very high risk.

Statistical analysis

All statistical parameters of descriptive statistics were calculated. The
significance of differences in measured parameters between four different part
of the river Tisa (upper, middle, lower stream and tributary) was determined
using Fisher’s LSD test (p < 0.05). Multivariate analysis performed on the data
include Principal Component Analyses (PCA). PCA was used to characterize
the concentration of THg in relation to grain size and organic matter (OM) and
CaCO:; in the upper, middle and lower streams of the river, as well as the main
tributaries and to assess possible contribution sources of THg as well as other
heavy metals in sediments of the river Tisa. PCA with varimax normalized
rotation was carried out separately for the four different parts of the river Tisa:
upper, middle, downstream and tributary to identify the factors influencing
each of them. Only factors with an Eigen value greater than 1 were considered
significant. Variables with a factor loading greater than 0.7 were interpreted
as being meaningfully correlated with the factor. A scatter plot of PCA mean
score values was used to graphically display the positions of investigated heavy
metals in environmental space. For statistical analysis Statistica version 12
(Dell Inc. 2016) was used.

RESULTS AND DISCUSSION

THg distribution in sediments of the river Tisa along
the river course

Total Hg in the river Tisa sediments is shown in Figure 2. Results for the
minimum, maximum, mean, and median values, standard deviation, and coef-
ficient of variation of the THg are shown in Table 1.
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Figure 2. Total Hg (mg kg!) in the river Tisa sediments along the watercourse

Table 1. Statistical summary of THg concentrations (mg kg ') in the river Tisa sediment
samples

Statistical parameters Value
Number of samples 41
Minimum value 0.07
Maximum value 0.49
Mean value 0.26
Median value 0.27
Standard deviation (S.D.) 0.10
Coefficient of variation (CV) [%] 39.42
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Total Hg in the sediments ranged from 0.07 to 0.49 mg kg!, with mean +
S.D. values of 0.26 + 0.10 mg kg' and median value of 0.27 mg kg™ (Table 1).
The lowest concentration (0.07 mg kg™') was found in the sample 20 in the
middle stream, while the highest concentration (0.49 mg kg™') was found in the
sample 37 in the lower stream of the river (Figure 2). The highest mean value
of THg (0.30 mg kg') was found in the lower stream, while the lowest concen-
tration (0.13 mg kg™') was found in the tributary. The mean value was obtained
based on the measured THg values in the upper, middle and lower stream of
the river. Figure 1 shows the distribution of the samples depending on the river
flow. Based on THg along the river Tisa streams, tributaries have the lowest
content with statistical difference compared to other parts of the river stream.
Moreover, the tributaries have the highest percentage of clay and carbonate
content (Table 2). Gu et al. (1998) emphasizes that Hg pristine concentrations
in igneous and sediment or soil samples vary between 0.08 and 0.4 mg kg™
According to Ullrich et al. (2001) THg in surface sediments of uncontaminated
or less contaminated rivers range from 0.02 to 0.4 mg kg™, and can be as high
as 100 mg kg in urban, industrial or mining areas. Total Hg concentrations
obtained in this study are lower than Hg contents reported from the river Sava
(0.2-0.6 mg kg') (Milaci¢ et al., 2010), and the Danube (<0.10-2.37 mg kg™)
(Woitke et al., 2003), and are similar to Hg contents reported from Serbian
rivers and artificial lakes (<0.0001-0.72 mg kg') (Sakan et al., 2017), and the
river Tisa (0.14-0.36 mg kg™ (Strbac et al., 2018).

To characterize the THg in relation to grain size, organic matter (OM)
and CaCOs in the upper, middle and lower stream of the river, as well as in the
main tributaries PCA was used. PCA defined two groups, which explained
74.22% of the total variation (Figure 3).
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Figure 3. The projection of the cases of the first two components of the PCA
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The first principal component explained 42.30% of the variation. It was
defined by the concentration of sand, silt and clay. The projection of the cases
for the first two components showed that lower stream and tributary could be
clearly separated from upper and middle stream (Figure 3). Based on comparison
of lower stream and middle stream, in lower stream the significantly higher
concentration of silt was found, while in middle stream a significantly higher
concentration of sand was found (Table 2).

Table 2. Sediment characteristics of the river Tisa (mean value + standard error)

Lower stream  Middle stream  Upper stream Tributary
THg [mg kg™] 0.30+0.04 a 0.26+0.05 a 0.20+0.03 a 0.13£0.02 b
Sand [%)] 1424+2.96b  44.69+1.83a  27.25£929ab  14.31£3.66 b
Silt [%] 60.73£1.91 a 39.0140.62b  53.19£1.77 ab  52.93+2.44 ab
Clay [%] 25.03+2.23 ab  16.2942.02 b 19.55+3.15b 32.76+5.62 a
CaCoOs [%] 3.59+0.10 b 3.78£0.24 b 5.13+£0.64 b 9.12+3.38 a

Organic matter (OM) [%]  0.20+0.004 ns  0.18£0.006 ns  0.19+0.001 ns  0.22+0.029 ns

* Different letter indicates that differences between different parts of the river Tisa are
significant according to Fisher’s LSD test (p < 0.05), ns — not significant

The second principal component explained 31.91% (Figure 3) of variation
due to the variability in CaCO; and OM and showed clear separation of the
middle stream from other investigated parts of the river Tisa. Tributaries have
the highest concentrations of clay, CaCO; and OM. Fisher’s test showed no
significant differences in OM between different parts of the river Tisa (Table
2). In the river Tisa sediments Hg is likely to be transported primarily by the
small particles. Tansel and Rafiuddin (2016) found that heavy metals concen-
trations were directly correlated with particle size. Fine sediments (<0.106 mm)
can accumulate more than 10 times the levels of Hg in comparison to the
sediments that are greater than 0.850 mm. The anthropogenic activities in the
area of the samples with minimum and maximum values of THg concentration
(samples 20 and 37) do not present other likely sources of Hg pollution, vari-
ation coefficient CV (39.42 %) points out small heterogeneity of tested sediment
samples (Table 1), so the observed increase could be explained by change in
the grain size of surface sediments. In the sample 20 percent of clay was 6.67%,
and in the sample 37 it was 32.50%. Fine-grained sediments have a higher
specific surface area of clay particles than coarser sediments, which can in-
crease the ability of metals to associate (Liu et al., 2017). However, the lowest
mean THg was found in tributaries, where the highest percentage of clay was
present (Table 2). In addition to the highest percentage of clay, the highest
percentage of CaCO; was also recorded. For remediating pollution of heavy
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metals, calcium carbonate-enriched materials (e.g., mussel shells) have recently
been introduced (Wang et al., 2019). Pefia-Rodriguez (2010) have published the
study that high levels of Hg could be removed using calcined mussel shell,
although this material contained 7% of aragonite even after calcination (Pefia-
-Rodriguez et al., 2013).

Possible sources of THg content

Total Hg obtained in the upper, middle and lower streams of the river, as
well as the main tributaries, were compared with content of As, Cd, Cu, Ni, Pb,
and Zn using PCA to establish possible sources of Hg. The contents of As, Cd,
Cu, Ni, Pb, Zn in sediments were investigated in samples collected from the
same sites during the same year and previously were reported in Strbac et al.
(2018). PCA of the fourth datasets defined three PCs for the lower stream and
two PCs for the middle stream, upper stream and tributary which contributed
to 97.03%, 90.31%, 96.15% and 98.26% of the total variance. For the dataset
referring to lower stream group, the first principal component explained 49.85%
of the total variance (Fig. 4A) and has strong positive loadings on Hg, Cd and
Pb. The second principal component accounted for 32.27% of variation due to
the variability in the concentrations of As, Cu, and Ni. The third principal
component explained 14.90% of variation and is formed by Zn. For the second
group (middle stream) PC1 (66.62% of total variance) is dominated by As, Cu,
Pb and Zn. PC2 has strong positive loadings on Hg, Cd, and Ni explaining
23.70% of total variance (Fig. 4B). PC1 of the upper stream has strong positive
loadings on As, Cd, Cu, Ni, Pb and Zn explaining 76.60% of the total variance.
The second PC (19.56% of total variance) was related only to the Hg (Figure
4C). In fourth group — tributary, PCI1 is dominated by Hg, Cu, Ni, Pb and Zn
accounting for 74.68% of the total variance, while PC2 explaining 23.58% due
to As (Figure 4D). According to PCA strong positive loading of examined
metals in all parts in the river Tisa are mainly controlled from the same sources.
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Figure 4. PCA loadings and score plots of metals for groups: A — lower stream;
B — middle stream; C — upper stream; D — tributaries.

Degree of THg pollution in sediments from the river Tisa
through different criteria

To establish the intensity of anthropogenic influence on the river Tisa
sediments, the results of this study were compared with the background value,
national legislation, and NOAA guideline. Total Hg were obviously higher than
mean background value (0.065 mg kg™) (Strbac et al., 2018). According to the
official standard on the limit levels of pollutants in the Republic of Serbia, THg
in the river Tisa was within the range of maximum permissible values (Off.
Gazette of RS no. 50, 2012). Maximum permissible value is the concentration
of an individual pollutant or group of pollutants above which negative envi-
ronmental impacts are expected (Off. Gazette of RS, no. 50, 2012). Compared
with NOAA guideline, 80.49% (Table 3) of sediment samples showed THg
between the Effects Range-Low (ERL) and Effects Range-Median (ERM)
values, indicating that THg in the river Tisa sediments represented minimal
and possible risk towards organisms. The NOAA guidelines classified the
sediment: rarely (SERL), occasionally (*ERL and <ERM) or frequently as-
sociated with adverse biological effects (*ERM) in relation to the concentra-
tions of pollutants. Concentrations lower than ERL represent a minimal effect;
those between ERL and ERM represent a possible effect; and those above the
ERM represent a probable effect. The ERL and ERM toxicity values for THg
as reported by NOAA are 0.170 mg kg and 0.486 mg kg'!, respectively (Bola-
nos-Alvarez et al., 2016). Degree of THg contamination was also assessed by
pollution indices EF, Igeo, CF and PERI. EF of THg ranged from 1.06 to 6.75.
EF results showed that 31.71% of samples showed minor enrichment, 53.66%
moderate enrichment, and 14.63% severe enrichment (Table 3). However, an
EF >1.5 indicates that a significant portion of the heavy metals was delivered
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from non-crustal materials, thus these heavy metals were delivered by other
sources, like point and non-point pollution (Barbieri, 2016). In this sense, THg
in the river Tisa sediments has enrichment phenomenon with respect to the
background value and mainly originates from anthropological sources. The
Igeo index for the sampling sites ranged from -0.31 to 1.61. Igeo results showed
that 51.22% of all sediment samples were moderately polluted, 39.02% unpol-
luted to moderately polluted, and 9.76% unpolluted (Table 3). According to the
category of CF, 12.19% samples were at a very high contamination level,
53.66% samples were considerably contaminated, while 34.15% were moder-
ately contaminated (Table 3). Specifically, 53.66% of sediment samples were
within high pollution risk, 34.15% in considerable pollution risk, and 12.19%
in moderate risk according to PERI (Table 3).

CONCLUSION

Total Hg concentrations in the sediments ranged from 0.07 to 0.49 mg kg™,
with mean + S.D. value of 0.26 + 0.10 mg kg™'. The highest mean value of THg
(0.30 mg kg™) was found in the lower stream, while the lowest (0.13 mg kg™
was found in the tributary. In the river Tisa sediments THg is likely to be
transported primarily by the small particles. The anthropogenic activities in
the area of the samples with minimum and maximum values of THg do not
present other likely sources of Hg pollution of the river Tisa, so the observed
increase could be explained by change in the grain size of surface sediments
in this area. According to PCA, strong positive loading of metals in all parts
in the river Tisa is mainly controlled from the same sources. These sources are
related to anthropogenic activities based on calculated EF values. EF indicates that
THg concentrations in the river Tisa sediment have enrichment phenomenon.
Total Hg are higher than mean background value. According to the Republic of
Serbia official standard THg in the river Tisa was within the range of maximum
permissible values. Compared with NOAA guideline, 80.49% of sediment
samples indicated that THg in the river Tisa sediments represented minimal
and possible risk towards the living organisms. Integrating the results of pol-
lution assessment, it could be concluded that THg in river Tisa sediments in
Serbia show considerable contamination according to Igeo and CF, and high
pollution risk according to PERI.
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3ATABEBE CEAMMEHATA XXVMBOM VY PEIIM TUCHU (CPEUJA)

Cuexana P. I_HTPBAL[ Jopnana M. HUHKOB?, Tletap I1. PAUUEBUR’,
He6ojma /1. BACUR* , Munnna I1. KAITAHUH-I'PYBUH', T'opnana 'b. FAJI/IL[AI,
Hy6paska M. MUJIUR?

"' Vuusepsurer y beorpany, MHCTHTYT 3a XeMHjy, TEXHOIOTH]y U METaIyprHjy,
CTyz[eHTCKH Tpr 12—-16, beorpax 11000, Cpbuja
2VIHCTUTYT 3a paTapcTBO U TIOBPTAPCTBO,

Maxkcuma I'opkor 30, Hosu Cax 21000, Cpouja

3 Vuusepsutet y beorpany, Ilossonpuspeanu hpakyirer,

Hemamuna 6, beorpaza 11000, Cpouja
* Vuupepsuter y beorpany, Pynapcko-reonomku GakynTer,
Bymnna 7, beorpan 11000, Cpbuja
> Vuusepsutet y Hopom Cajy, IIpupoiHo-MaTeMaTHIKH GaKyTer,
Tpr Hdocureja O6panosuha, 3, Hou Cax 21000, Cpouja

PE3UME: Benuku 6poj MeljyHapoiHHX OpraHu3alija XeMHjCKU €JIeMEHT KHUBY
(Hg) o3nauno je kao rmobdanuo 3arahyjyhy cyrncraHiry BUCOKOT IPHOPHTETa 300T CBOje
MOOWIJIHOCTH M MEP3UCTEHTHOCTH Y JKUBOTHO] CPEJMHHU, Ka0 U BUCOKE TOKCUYHOCTH
3a J)KHMBE OpraHu3Me. McTpakuBame je ClpOBEACHO ¢ IMJbEM Ja ce YTBpAU: (1) YKyITHH
caapxaj Hg (THg) u mena npoctopHa aucTpulyLrja y ceAMMEHTUMA AYK TOKa peKe
Tuce, (i1) moryhu uzsopu THgu (iii) crenen 3araneH)a cequMeHaTta peke Tuce mpume-
wyjyhu pazaunuure KpI/ITepI/IJYMe VYkynan cagpxaj Hg y cemumenTima peke Trce Kpe-
Tao ce o1 0,07 10 0,49 mg kg™, ca cpenmom Bpe};(Homhy +S.D. 010,26 +0,10 mg kg™
Hajseha cpexma BpensocT THg (0,30 mg kg™') yrBphena je y nomeM ToKy peke, I0K
je majamxka (0,13 mg kg') 3a6enexena y nputokama. Ha oCHOBY aHaju3e Ii1aBHHX
komnonenara (PCA) Moxke ce 3akJbyunTH Jia onTepeheme ceuMeHaTa MeTajaiuma JyxK
nesnor Toka peke Tuce nMa 3ajenHu4Ko nopeksino. OHO ce JOBOAM Y Be3y ca aHTpPOoIore-
HUM aKTHBHOCTHMA Ha OCHOBY M3padyHaTHX BpeAHOCTH (hakTopa oborahuBama (EF).
VYkynuu caapxaju Hg y cenmumenTrMa peke Tuce BUIIU Cy 0J] MPUPOIHE BPEIHOCTH
3a Taj JIeo CIIMBA, alli Cy Y I'paHUIIaMa MAaKCUMAJTHO JI03BOJLEHUX KOHIICHTpAIH]ja peMa
3BaHUYHOM cTaHAapay PermyOimke CpOuje. Y nmopehermy ca HaMOHATHUM CMepHHLIAMa
3a okeaHcKy U atMocdepcky ynpasy (HOAA) y 80,49% y3opaka cenumenara THg
MpecTaB/ha MUHUMaIaH B Moryhu pusnk 3a opranusme. Materpumyhu pesynrare
HpOIeHe 3araljema, MoXxe ce 3akJpyunTH 1a THg y cennmentnma peke Tuce y Cpouju
M0Ka3yje 3HaTHY KOHTAMUHAIIHM]y Ha OCHOBY reoakyMyianuonor uHjekca (Igeo) u dax-
topa 3aralhema (CF), kao u Bucok pusuk 3aral)ema Ha OCHOBY WHJIEKCA TIOTEHITU]aTHOT
pu3uKa Ha )kUBOTHY cpenuny (PERI).

KJbYYHE PEUU: xuBa (Hg), mpouiena pusnka, cCeAMMEeHTH, peka Tuca
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SEQUENTIAL EXTRACTION STUDIES
ON THE RIVER TISA SEDIMENTS FOR
THE ASSESSMENT OF THE METAL POLLUTION

ABSTRACT: The sequential extraction procedure was applied for partitioning of
metals in river sediments collected along the course of the river Tisa (Serbia). Eight elements
(Sb, Sn, As, Cd, Cu, Hg, Pb and Zn) from twenty-one sampling site were analyzed using the
modified BCR sequential extraction procedure in combination with ICP-OES. The results
of sequential extraction, statistical analyses and calculation of EF and lithogenic and anthro-
pogenic ratio of metals are similar. In the river Tisa sediments Sn, Cd, Hg, Pb and Zn are of
anthropogenic origin, while As, Cu and Sb are of lithogenic and anthropogenic origin. The
sediments from the river Tisa show high risk for Cd, medium risk for Hg and Zn, low risk
for Sn, As, Cu and Pb, whereas Sb does not show the risk for the aquatic environment.

KEYWORDS: metals, river sediments, sequential extraction, the river Tisa

INTRODUCTION

With rapid urbanization and industrialization, large amounts of metals
from anthropogenic sources are discharged into the aquatic environment where
they can accumulate in sediments and bio-accumulate by aquatic organisms
and even be bio-magnified through the food chain, thus posing potential ad-
verse effects on human health and even the whole eco-system (Wei et al., 2016).

* Corresponding author. E-mail: snezana.strbac@ihtm.ac.bg.rs
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Investigations concerning the metals present in sediments have increased in
recent years. It is accepted that total metals concentrations analyses are the
fundamental way to evaluate sediment quality, however they are not sufficient
to be able to predict the capacity for mobilization of these elements. The envi-
ronmental behavior of metals is critically dependent on their chemical form,
which influences mobility, bioavailability and toxicity to organisms (Gao and
Chen, 2012). Metal ions in sediments are partitioned between different phases,
i.e., carbonates, iron and manganese oxides, sulphides, organic matter (OM),
and phyllosilicate minerals. In sediments metals are mainly associated with
silicates and primary minerals, and therefore have limited mobility. The rela-
tive content of metals in the residual phase can be used as a measure of the
contribution of natural sources (Singh et al., 2005a). Introduced from human
activities, metals show greater mobility and are associated with sediment
phases such as carbonates, oxides and sulphides (Medici et al., 2011).

Although the separation of various chemical forms of metals is very dif-
ficult, the use of sequential extraction method proves to be an important and
effective approach. Sequential extraction technique is one of the most widely
used approaches to distinguish between different geochemical associations of
many metals and to gain a better insight of geochemical processes occurring
in sediments (Venkatramanan et al., 2015). The three-stage sequential extrac-
tion procedure proposed by the European Community Bureau of Reference
(BCR) has mostly been used (Passos et al., 2010). The sediment fractions ob-
tained using the optimized BCR protocol reflects the mechanisms by which
the metals are associated with the sediments. In the first fraction (F1), there
are metals associated with carbonates; in the second fraction (F2) there are the
ones associated with Fe and Mn oxides; and in the third fraction (F3) there are
metals associated with sulphides and OM. The residual fraction (R) contains
the primary and secondary minerals derived from natural geological forma-
tions, which can contain metals within their crystalline structures (Passos et al.,
2010).

To assess the risk and mobility of the non-stable chemical fraction of
metals, the Risk assessment code (RAC) was used (Singh et al., 2005a). The
RAC considers the percentage fraction of metals that are exchangeable and
associated with carbonates. In this fraction, the metals are weakly bound to
the sediments, and present a greater environmental risk since they are more
available to the aquatic system (Passos et al., 2010).

This study aims to: (1) investigate the distribution of the metal concentra-
tions (antimony (Sb), tin (Sn), arsenic (As), cadmium (Cd), copper (Cu), mer-
cury (Hg), lead (Pb) and zinc (Zn)) in the river Tisa sediments using sequential
extraction procedures; (2) identify the sources of metals; (3) assess the eco-
logical risk of metals in the river Tisa sediments.
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MATERIALS AND METHODS
Sampling method

A total of 56 sediments samples were collected from 21 sampling sites from
the river Tisa in Serbia (Figure 1). Forty samples (0-30 cm) were collected

.
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Figure 1. Study area.
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from 17 sampling sites and four core (0—80) sediments were collected from 4
sampling sites. Core sediments samples were sectioned at 20 cm intervals. The
sediment samples were subjected to a four-step BCR sequential extraction
procedure (Mossop and Davidson, 2003). The following extraction solutions were
used: phase I (F1): 0.11 M acetic a01d (HOAC extractable fraction); phase II (F2):
0.5 mol/dm*® hydroxylamine hydrochloride adjusted to pH 1.5; phase I (F3):
8.8 mol/dm?® hydrogen peroxide stabilized at pH 2 and 1 mol/dm ammonium
acetate adjusted to pH 2; and phase IV (R): aqua regia 15 ml 37% HCl and
5 ml 65% HNO;, at 80 °C during 5 h. The concentrations of major and minor
elements were determined using an Inductively Coupled Atomic Emission
Spectrometer, ICP-OES (Thermo Scientific, UK), model 6500 Duo. The stand-
ard reference material: CRM BCR-701 (lake sediment) was employed to check
the accuracy and precision of the instruments. The results of the analysis
showed good agreement with the certified levels (= 10%). A multielement stock
solution containing 1,000 g/L of the elements was used to prepare standard
solutions for ICP-OES measurements. All other chemicals used for BCR
sequential extraction were of analytical grade and were supplied by Merck
(Darmstadt, Germany).

Contamination assessment methods

In order to determine natural or anthropogenic origin of metals enrich-
ment factor (EF), lithogenic and anthropogenic ratio of metals were calculated
and statistical analysis (Pearson correlation analysis and Principal component
analysis (PCA)) were done. EF represent the ratio of chemical element concen-
tration in the sediments compared to the reference samples. The following
formula was used to calculate it (Ergin et al., 2013):

EF = (Mﬂl)sample/(M/Al)reﬁzrence sample

where: Mgmple — metal concentration in the sample; Algympie — concentration of Al in the
sample; Mieference sample — the metal concentration in the reference sample; Alreference sample
— concentration of Al in the reference sample. The values of EF have the following range
(Birch, 2003): < 1 no anthropogenic influence; 1-3 small anthropogenic influence; 3—5
moderate anthropogenic influence; 5—10 moderately severe anthropogenic influence;
1025 severe anthropogenic influence; 25-50 very severe anthropogenic influence; and
> 50 extremely severe anthropogenic influence.

The lithogenic and anthropogenic origin of metals was calculated in the
following way (Sparica, 2012):

- M
Mlithogenic - Alsample : C4_I)reference sample
Manthrapogenic = ]Mtotal - Mlithogenic
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where: Mjigogenic — cOncentration of metal of lithogenic origin; Alg,mpi. — concentration of Al
in the sample; M eference sample — CONCentration of metal in the reference sample; Al eference sample
— concentration of Al in the reference sample; Manthropogenic — cOncentrations of metal of
anthropogenic origin; My, — total concentration of metal.

Pearson correlation and PCA were performed to aid in identifying the source
of the metals. In addition to the concentration of metals, the concentration of
major elements (such as K, Al, Fe, Mn, Cr, P, Ti, Si, Na, Ca and Mg) and sediments
characteristics (e.g., the grain size distribution, pH and CaCO;) were included in
the PCA. The principal components (PCs) are selected on the basis of the criteria
of cumulative % variance > 70% and an Eigenvalue > 1.0 (Lin et al., 2016).

Risk assessment code (RAC) has been used to estimate possible harm to
benthic organisms and to assess environmental risks caused by contaminated
sediments (Passos et al., 2010). RAC was used to estimate the mobility of the
non-stable chemical fraction of metals (Singh et al., 2005b), based on the per-
centage of metal content in the F1 fraction (Passos et al., 2010). In this fraction
metals are weakly bound to sediments, therefore they are more readily available
to aquatic organisms, and present greater environmental risk. Depending on the
percentage value the RAC classification defines: < 1% no risk to the aquatic
environment; 1-10% low risk; 11-30% medium risk; 31-50% high risk; > 50%
very high risk (Passos et al., 2010).

RESULTS AND DISCUSSION

Table 1 shows the average content of extracted metals by the fraction of
sequential extraction. For each extraction fraction, the results are presented in
the arithmetic mean + standard deviation (Table 1). The sums of Sb, As, Cd, Cu,
Hg, Pb and Zn concentrations in BCR fractions (XF1 + F2 + F3 + R) and the
percentages of the sums in XF1 + F2 + F3, and XF1 are also shown in Table 1.
The percentage of the extracted metals in each fraction are shown in Figure 2.

Table 1. The average concentrations of Sb, As, Cd, Cu, Hg, Pb and Zn in each fraction
(mg kg™), the sum TF1+F2+F3+R (mg kg') and the percentages of the sum ZF1+F2+F3,
>F1 (%)

Fraction 1  Fraction2  Fraction 3 Residual XF1+F2+F3+R XFI1+F2+F3 XF1

Metal mgkg!) (mgke!) (mgkg!) (mgke)  (mgke) %) (%)
Sb 0.03+0.01 1.16%1.91 0.224+0.24 1.724+0.51 3.12+2.67 44 .83 0.84
Sn  0.20+0.20 1.23+1.95 0.84+0.39 0.23+0.22 2.50+2.76 90.88 8.12
As 0.14+0.14 2.19+1.05 1.85+2.55 4.184+2.09 8.37+8.83 50.03 1.71
Cd 1.02+0.34  0.50+0.25  0.13+0.09 0.43+0.14 2.07+£0.82 79.28 49.04
Cu 10.25+£5.01 32.03£13.08 72.60+47.31 75.53+48.65 190.42+114.05 60.33 5.38
Hg 0.04+0.06 0.05£0.06  0.08+0.11 0.03+0.03 0.21+0.25 84.91 19.57
Pb 0.64+0.52 26.15+£8.36 3.28+1.51 1.52+1.17 31.58+11.56 95.19 2.01

Zn 49.26+16.71 92.24430.37 57.21+£35.95 62.24+34.63 260.96+117.66 76.15 18.88
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The largest Sb content was extracted in the residual (55.17%) and second
(37.07%) extraction fraction. Most of Sn was dominantly extracted in the second
(49.05%) and third (33.70%) extraction fraction. The largest percentage of As
was extracted in the residual (49.97%), while a smaller percentage was ex-
tracted in the second (26.18%) and the third (22.14%) extraction fractions. Cd
was dominantly extracted in the first exchangeable carbonate fraction (49.04%),
while a smaller percentage was extracted in the second (24.15%) and residual
(20.72%) extraction fraction. The largest Cu content was extracted in the re-
sidual (39.67%) and the third (38.13%) stage of extraction. The most important
extraction of Hg occurred in the third (40.24%) and the second (25.10%) stage
of extraction. Intended to the river Tisa sediments, the most important was the
binding of Pb in the second mobile fraction (82.79%). Zn was mostly extract-
ed in the second extraction fraction (35.35%), then in the residual (23.85%) and
third (21.92%) phase of extraction (Figure 2).

Elevated concentrations of metals in the residual fraction indicate that
sediments are relatively unpolluted, and that the metals derive mainly from
lithogenic origin. Significant proportions of metals have been found insoluble
in acid, associated with Fe and Mn oxides, and associated with organic matter
and sulphides fractions (the first three extraction fractions) in regions with
great anthropogenic inputs (Passos et al., 2010). According to the percentage
of metals extracted in the F1+F2+F3 the order was: Pb (95.19%) > Sn (90.88%)
> Hg (84.91%) > Cd (79.28%) > Zn (76.15%) > Cu (60.33%) > As (50.03%) > Sb
(44.83%) (Table 1). Furthermore, different behaviors of metals in the various
phases of sequential extraction reflect different origin of pollution. Regions
where metals are weakly associated with sediments, and show an affinity for
carbonates, have experienced more recent pollution. Contrary to this, locations
where metals are significantly associated with the oxidizable or reducible
sediment fractions are influenced by pollution that is not recent (Passos et al.,
2010). In this study, Cd was dominantly extracted in the first exchangeable
carbonate fractions fraction (Figure 2), indicating recent pollution of investi-
gated sediments by Cd.

The possible anthropogenic and/or lithogenic origin of metals in the riv-
er Tisa sediments were explored by obtained Pearson correlation analysis
and PCA. Significantly positive correlations (P < 0.01) were found between
all investigated metals. This result indicated that metals in the river Tisa sed-
iments originate from common sources. PCA was performed by evaluating
the principal components and computing the eigenvectors to assist in identify-
ing the source of the metals. When determining the number of components for
the analysis of the major components, the latent root criterion has been con-
sidered, according to which only those factors with an eigenvalue greater than
1 were taken into account. Based on this criterion, three components that ac-
count for 76% of the total variance have been taken into account (Figure 3).

PC 1 explains 44.60% of the total variance and is largely dominated by
Sb, Sn, As, Cd, Cu, Hg, Pb and Zn, oxides MnO and Cr,0;. PC 2, dominated
by AL,Os, Fe,0; and clay, explains 19.90% of the total variance. PC 3, domi-
nated primarily by CaO, P,Os and CaCOs;, accounts for 11.60% of the total
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Figure 2. Distribution of Sb, Sn, Cd, Cu, As, Pb, Hg and Zn between different
extraction fractions

variance. Positive loading of examined metals in the river Tisa sediments are
mainly controlled from common sources. The major sources of metal pollution
are attributed to vehicle emissions and commercial and industrial discharges
as well as agricultural activities.
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The possible anthropogenic and/or lithogenic origin of metals in the river
Tisa sediments was also explored by calculated EF and lithogenic and anthro-
pogenic ratio of metals. According to the values of EF, resulting from the ratio
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Figure 3. Scree method of analysis of the main components and Biplot analysis of
the main components
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of metals in the sediments of the river Tisa and the reference samples which
were not under anthropogenic influence, the following concentrations were
obtained: Sb, As, and Cu were under small anthropogenic influence (EF < 3);
Hg was under small and moderate; Pb, Sn and Zn under moderate anthropogenic
influence (EF 3-5); while Cd was under moderately severe anthropogenic
influence (EF 5-10). By calculating the lithogenic and anthropogenic ratio of
metals it could be concluded that the concentrations of As are of lithogenic and
anthropogenic origin in the river Tisa sediments, while the concentrations of
Sb, Sn, Cd, Cu, Hg, Pb, and Zn are mainly of anthropogenic origin.

Generally, the results of sequential extraction, statistical analyses and
calculation of EF and lithogenic and anthropogenic ratio of metals are similar.
In the river Tisa sediments Sn, Cd, Hg, Pb, and Zn are anthropogenic origin,
while As, Cu and Sb are of mixed, lithogenic and anthropogenic, origin.

In order to determine the intensity of anthropogenic influence on the
river Tisa sediments, RAC was calculated. RAC is used to estimate the value
of sediment reactivity, based on the differences in strengths with which metals
in sediments are bound to fractions (Sundaray et al., 2011). In sediments, met-
als from anthropogenic sources are bound to the exchangeable carbonate frac-
tion. Metals in this fraction are weakly bonded, and could equilibrate with the
aqueous phase and become more bioavailable (Sundaray et al., 2011). When
the pH and redox conditions are advantageous, the metals will be particularly
soluble and can be taken up by plants or ingested by animals. RAC is defined as
the fraction of metals exchangeable and/or associated with carbonates (Nemati
et al., 2011), and for this study has been determined based on the percentage
of the total metal content that has been found in the first sediment fraction by
BCR method (% XF1) (Table 1). The sediments from the river Tisa show high
risk for Cd with RAC values between 31% and 50%. Medium risk is indicated
for Hg and Zn with RAC values between 11% and 30%. Sn, As, Cu and Pb show
low risk with RAC values between 1% and 10%, and Sb does not show the risk
to the aquatic environment because RAC values are less then < 1%.

CONCLUSION

This study aimed at investigating distribution of the metal concentrations
using sequential extraction procedures, to identify metals sources, and to assess
the environmental risk of metals in the river Tisa sediments. In order to determine
source of metals in the river Tisa sediments EF, lithogenic and anthropogenic
ratio of metals were calculated and statistical analyses were done. To estimate
possible harm to benthic organisms and assess environmental risks caused by
contaminated sediments RAC has been used. Following conclusions are based
on the obtained results.

The largest Sb content was extracted in R and F2 extraction fraction. Most
of Sn was dominantly extracted in F2 and F3 extraction fraction. The largest
percentage of As was extracted in R fraction. Cd was dominantly extracted in
F1 extraction fraction. The largest Cu content was extracted in R and F3 stage
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of extraction. The most important extraction of Hg occurred in F3 and F2 stage
of extraction. Intended to the river Tisa sediments, the most important was the
binding of Pb in F2 mobile fraction. Zn was mostly extracted in F2 fraction.
Pearson correlation and PCA indicated that metals in the river Tisa sediments
originate from common sources. According to the EF results: Sb, As, and Cu
were under small anthropogenic influence; Hg was under small and moderate;
Pb, Sn and Zn under moderate anthropogenic influence; while Cd was under
moderately severe anthropogenic influence. By calculating the lithogenic and
anthropogenic ratio of metals in the river Tisa sediments, it could be concluded
that the concentrations of As are lithogenic and anthropogenlc origin, while the
concentrations of Sb, Sn, Cd, Cu, Hg, Pb, and Zn are anthropogenic origin. In
the river Tisa sediments Sn, Cd, Hg, Pb, and Zn are anthropogenic origin, while
As, Cu and Sb are of mixed, lithogenic and anthropogenic, origin according
to the results of sequential extraction, statistical analyses and calculation of EF
and lithogenic and anthropogenic ratio of metals. The sediments from the
river Tisa show high risk for Cd, medium risk for Hg and Zn, low risk for Sn,
As, Cu and Pb, while Sb does not show the risk to the aquatic environment.
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I[MPUMEHA CEKBEHIIMJAJIHE EKCTPAKIIMJE HA CEAUMEHTUMA
PEKE TUCE VY LI1JbY [TPOLIEHE 3ATABEHA METAJIUMA

Cuexana P. IITPBALL', Munuua IT. KAIIAHUH-TPYBHH!,
Topnana . TAJUIIA!, Jenena J. MYTUR?, He6ojma JI. BACUR?

! Vuusepsuter y beorpany, MHCTHTYT 3a XeMHjy, TEXHOJIOTH]y U METAIYPrHjY,
HenTap 3a xemujy, Cryaentcku Tpr 12—-16, beorpan 11000, Cp6uja
% Vuusepsutet y beorpany, Xemujcku pakynrer,
Crynmentcku Tpr 12-16, beorpan 11000, Cpouja
3 Vuusepsuter y Beorpany, Pymapcko-reonomku dakynrer,
Bymuna 7, beorpan 11000, Cpouja

PE3MME: OBa cTyauja umana je 3a uJb J1a UCTPAKU TUCTPUOYIIN]y KOHIIEHTpa-
[[Mja MeTaja MPUMEHOM METOJIC CEKBEHIIMjaTHE SKCTPaKIIHje, HICHTH(UKY]je H3BOpE
MeTalla M MPOIIEHH SKOJIOIIKK PU3UK MeTala y cenumeHTrMa peke Tuce. /la 6u ce yTBp-
JIUJIO TIOPEKJIO MeTaja y ceuMeHTuMa peke Tuce uzpauyHaru cy gaxrop odorahupa-
Ha, TUTOTCHH ¥ aHTPOIIOT'eHU OIHOC MeTasa 1 ypal)eHa je ctaTucTiuuka aHaiusa. a
Ou ce W3BpIIKJIA TPOLICHA PU3HUKA HA JKUBOTHY CPEAMHY Y30PKOBAaHUX CEIUMEHTHMA
koputhen je RAC (Risk Assessment Code). Ha ocHoBY pe3ynrara Mmoxe ce cienche
3aKJbYYMTH: JOMUHAHTAH cajpxaj aHTuMoHa (Sb) ekctpaxoBaH je y R u F2 ppakiuju.
AHTHMOH je JOMUHAHTHO excTpaxoBaH y F2 u F3 dpakuuju. loMmuHanTHH canpxkaj
apceHa (As) uznojeH je y R dppaknuju. Kaamujym (Cd) je JOMUHAHTHO €KCTpaxoBaH
y F1 ¢pakuuju. Hajsehu caapixaj 6axpa (Cu) ekcrpaxoBaH je y R u F3 ¢paxuuju. Haj-
BakHM]ja ekcTpaknuja xxuBe (Hg) 6una je y F3 u F2 crynmy exctpakuuje. Onoso (Pb)
ce HajBuIe ekcTpaxoBayo y F2 dpakuuju. L{uak (Zn) je yriaaBHOM eKcTpaxoBaH y F2
(bpaknuju. PesynraTu cekBeHIMjaTHe eKCTPaAKIUje, CTATUCTUYKE aHAIM3e U U3padyHa-
Bama (hakTopa oboraliMBama 1 JUTOTSHOT U aHTPOIIOTSHOT OJJHOCA METAJIa Cy CIMYHU.
VY cenumenTruMa peke Tuce kainaj, KaJMHUjyM, )KHBa, OJIOBO U IIMHK CYy aHTPOIIOTEHOT
MOpEeKJIa, IOK Cy apceH, 0akap U aHTUMOH JINTOTCHOT M aHTPOIIOTeHOT IopekJia. Kan-
MHUjyM y CEIUMEHTHMA U3 peke Tuce mokasyje BUCOKH PU3HUK, )KUBA U IUHK CPEIHbH
pU3HUK, Kajaj, apceH, Oakap U 0JIOBO HU3aK PU3HK, a aHTUMOH je 0e3 pu3uKa 3a akBa-
TUYHE OpraHu3Me.

KJbYUHE PEYU: meTanu, peuHu CeMMEHTH, CEKBEHIIM]jaTHa €KCTPaKIUja, peKa
Tuca
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BIOLOGICAL SPECTRUM OF THE WEED FLORA
IN THE VRSAC VINEYARDS (SERBIA)

ABSTRACT: Agrotechnical measures are the main factor defining the vineyard weed
flora structure and composition, while adequate weed control measures simultaneously
ensure that vineyards are being well-managed, thus securing good grapevine health and high
quality of wine. Given that the biological spectrum of weeds affects the choice of weed control
measures, the aim of this study was to determine the biological properties of the weed flora
in Vr$ac vineyards, by assessing dominant life forms and phenology of the identified weeds.
The floristic analysis was conducted during the 2016 vegetation season (March—November)
at 60 plots (1 m?), at three field sites. The presence of 97 plant taxa, belonging to 26 families,
was determined. The biological spectrum of the vineyards weed flora has shown a thero-
phyto-hemicryptophyte character (therophytes: 57.73% and hemicryptophytes: 34.02%). The
scapose herbaceous plants with summer-flowering phenology were dominant within the
therophytes and hemicryptophytes. The obtained results have shown a higher weed diversity
in vineyards, when compared to previous research of the weed flora in the study area, but
similar to more recent studies conducted in the neighbouring countries. Furthermore, the
dominant presence of therophytes in the vineyard weed flora was expected, bearing in mind
the primarily mechanical weed control measures traditionally applied in vineyards.

KEYWORDS: biological spectrum, life form, phenology, vineyard, Vr$ac vineyards,
weeds

INTRODUCTION

Grapevine is one of the oldest cultivated plants, cultivation of which is
considered to have begun in the area between the Black and Caspian seas (Lloret
et al., 2011), in the territory of present-day Iran. It is estimated that vineyards
occupy more than 5.5 million hectares in Europe, Africa, Australia, New Zealand

* Corresponding author. E-mail: ana.andjelkovic21@gmail.com

101



and the United States (Steenwerth and Belina, 2010). According to the last
official statistical data, grapevine is grown on about 22.150 hectares in Serbia
(Ivanisevi¢ and Jaksi¢, 2014), with a total production of 165.568 tons of fresh
grapes and 993 hectoliters of wine in 2017, according to the International Or-
ganization of Vine and Wine (OIV, 2019).

Composition of the vineyard weed flora is predominately affected by applied
agrotechnical measures (Gago et al., 2007). Weed control is primarily focused on
vineyard rows, where weeds compete with the grapevine directly for both water
and nutrients (Fredrikson et al., 2011). Nevertheless, weed control in between rows
is also of great importance, in order to achieve a seedbank reduction and con-
sequently reduce the need for in-row weed control in the following vegetation
period (Fredrikson et al., 2011). Weed control in vineyard rows in done either by
mechanical — tillage and harrowing, or chemical measures — herbicide application
(Steenwerth and Belina, 2010). However, these physical control measures can
actually favor the survival of certain weed groups (i.e. annual weeds) and be
inefficient in controlling the rhizomatous weed species (Gago et al., 2007; Fre-
drikson et al., 2011). Given that vineyard weed communities are rather diverse,
due to climate, soil and topographic properties, they should therefore be studied
in each area. Knowing their biodiversity and biological spectrum is crucial when
choosing appropriate management measures in order to achieve a good vineyard
health status and appropriate yield and wine quality (Gago et al., 2007).

Furthermore, certain weed species have a negative impact on grapevine
growth, wine quality and health of the vineyard as a whole (Saayman and
Huyssteen, 1983; Hulina, 1998; Dujmovi¢ Purgar and Hulina, 2004; Jeleni¢,
2015). Additionally, they can act as natural reservoirs of phytoplasmas and
fungi and hosts of potential insect vectors of various plant viruses and phyto-
plasmas (Cvrkovi¢, 2009; Filippin et al., 2009; Agusti-Brisach et al., 2011;
Cvrkovi¢ et al., 2011; Atanasova, 2015). Also, adequate weed control in vine-
yards reduces the degree of water retention in the field, thus reducing the
potential for development of various diseases (Jeleni¢, 2015).

Bearing all this in mind, the need for keeping vineyards in a good condi-
tion and thereby preserving the quality of the grapevine plants and wine,
through adequate weed control, is paramount (Lloret et al., 2011). As the bio-
logical spectrum of the weed flora is one of the factors affecting the choice of
agrotechnical measures which are being applied (Gago et al., 2007; Fredrikson
et al., 2011), the aim of the study was to determine the properties of the weed
flora in the VrSac vineyards by assessing the prevailing life forms and their
morphological and phenological characteristics.

MATERIAL AND METHODS
Study area

The VrSac Mountains (in Serbian VrSacke planine, also known as Vrsacki
breg), are the only mountain area in the Banat region. Their highest point
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Guduricki vrh (641 m a.s.L) is also the highest pomt of the Vojvodina Province
(Vasiljevic, 2015). Their area encompasses 170 km?, out of which 122 km? are
located in the territory of Serbia (Papp and Sabovljev1c 2010). The study area
is characterized by a continental climate, with extremely cold winters and
semi-arid summers (PSUZZS, 2018). Avramov et al. (2000) define the climate of
this winegrowing district as sub-humid, with mean annual air temperatures of
11.5 °C, an average annual air humidity of 73% and 659 mm of precipitation, and
86 sunny days per year, on average (Zivkovi¢, 2014). This area is under strong
influence of the southeastern koSava winds (avg. speed 4.6 m/s), which are
especially prevalent during the winter (PSUZZS, 2018).

While their northern slopes are steep, southern slopes of the VrSac Moun-
tains are milder and covered in vineyards (Papp and Sabovljevi¢, 2010). Peren-
nial cultures, primarily vineyards, are the main landmark of their eastern and
southern slopes where winegrowing has been one of the most important
agrlcultural activities for centuries (PSUZZS, 2018). In fact, the area of Vrac
Mountains is considered to be the biggest single area under V1neyards in Europe
(PSUZZS 2018). According to the latest national classification, areas under
grapevine in Serbia are divided into three winegrowing regions and 22 wine-
growing areas (Ivanisevi¢ and Jaksi¢, 2014). Following this, the study area
belongs to the winegrowing region of Vojvodina, winegrowing area (sub-region)
of Southern Banat and the winegrowing district Vrsacko vinogorje.

Field research and data analysis

Field research in VrSacki vinogradi (Figure 1) was conducted on three
field sites: 1) Magareci breg (lat. +45.096897, long. +21.345669); 2) 1zlaz and
Seribl (lat. +45.100456, long. +21.32049); 3) Kozluk and Majdan (lat. +45.150152,
long. +21.353299). Field research was carried out during the 2016 vegetation
season (from March to November), once per month, in order to include the
spring, summer and autumn vegetation aspects.

A combined weed control system was applied in the study area during
the vegetation season of 2016, with mechanical weed control measures applied
between rows and chemical weed control being applied in the rows. Given the
general paucity of available herbicides registered for weed control in vineyards
in Serbia (DZBS, 2018), glyphosate-based herbicides were used for chemical
weed control in the studied field sites. It is important to highlight that in 2016
the VrSac region experienced meteorological conditions which strongly favored
weed germination and growth. High humidity with frequent rainfalls and tem-
perature fluctuations during the spring were followed by a summer period with
extremely high temperatures, with intermittent heat waves and an above average
precipitation (Radicevi¢ et al., 2016).
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Figure 1. Map of Serbia showing the study area, and satellite images of the three field
sites: a) Magareéi breg, b) Izlaz and Seribl, ¢) Kozluk and Majdan (source: Google Earth).
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Floristic analysis was carried out at 60 permanent 1 m?plots. In each of the
three studied field sites, 20 plots were set up (16 plots between the vine rows
and four in-row plots). The plant material was identified in the field or collected
and then identified in the Laboratory of the Department of Weed Research of
the Institute for Plant Protection and Environment, Belgrade. Plants were de-
termined according to Josifovi¢ (1970-1977), Tutin et al. (1964, 1968, 1972,
1976, and 1980) and Javorka and Csapody (1975). Taxa nomenclature is in line
with the Euro+Med PlantBase (Euro+Med, 2006—-2019). Life forms were de-
termined following the Raunkiaer system (Ellenberg and Muller-Dombois,
1976), edited by Stevanovi¢ (1992) for the territory of Serbia.

RESULTS

The presence of 97 plant taxa was determined in the studied field sites of
the Vrsac vineyards during the research period. Recorded species belong to 26
families, with the dominance of Asteraceae (21 species), Poaceae (18) and
Fabaceae (12) species.

Analysis of the biological spectrum has shown that weed flora of the
studied area has the therophyto-hemicryptophytic character. Therophytes (T)
were the dominant life form, followed by a significant presence of hemicryp-
tophytes (H) (Table 1).

Therophytes make up 57.73% of the recorded species (56 species, Table 1).
Ratio of the main groups within this life form is given in Table 1, which shows
that among the therophytes scapose herbaceous plants (T scap) are the most
numerous, making 73.21% of all therophytes. Representatives of annual caespi-
tose life forms (T caesp) make up 8.93% of all the therophytes (four species):
Bromus sterilis L., Echinochloa crus-galli (L.) Beauv, Hordeum murinum L.
and Poa annua L., while representatives of other groups are recorded with a
lower number of species (Table 1).

Six species (6.18% of the total number of species, Table 1) belonging to
the therophyte-hemicryptophyte transitional life form have also been recorded.
Within this T/H group of species, five are biennial scapose plants with no
rosette (T/H scap bienn), while one is characterized by the presence of rosette
(T/H ros bienn) — C. bursa-pastoris.

The therophytes phenology analysis has shown the dominant presence of
summer species (a) — 26 species (46.43%), followed by a significant presence of
spring-summer (v-a — 16.07%), spring (v — 10.71%) and spring-autumn (v-aut —
10.71%), as well as summer-autumn (a-aut — 8.93%) flowering species (Table 1).

The growth form analysis has shown a significant presence of the medium
to large therophytes: Mes-Meg (10 species), Mes-Mac (10 species) and Mes (8
species). Small to medium therophytes (Mi-Mes) were represented by seven
species, with the dominance of Lamium amplexicaule L. and L. purpureum L.
The big and tall (Mac-Alt) therophytes were present with six species, while
other growth form categories were represented to a lesser degree (Table 1).
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Table 1. Biological spectrum of the Vrsac vineyards weed flora

' .%' % of the phe- ‘%' % of the % with-| % of the
life morphology no. w1th_1n t(_)tal spe-| o | - w1th_1n t9ta1 spe- | growth | no. 1n'the t(_)tal spe-
form spec. | the life |cies num- logy spec. | the life | cies num- | form  [spec.| life |cies num-
form | ber (97) form | ber(97) form | ber (97)
T scap 4 T320% 4227% | a 26 4643% 26.80% |Mes-Mac 10 17.86% 10.31%
T/Hscapbienn 5 893% 5.15% | v-a 9 1607% 9.28% |Mes-Meg 10 17.86% 10.31%
T caesp 5 893% 515% |v-aut 6 10.71% 6.19% Mes 8 1429% 8.25%
T rept 2 35T% 206% | v 6 1071% 6.19% | Mi-Mes 7 12.50% 7.22%
= ST herb 1 179% 1.03% |a-aut 5 893% S.15% |Mac-Alt 6 1071% 6.19%
5 |Tscapsemiros 1 179% 103% |vera 3 536% 3.09% |Meg-Alt 4 714%  412%
-ﬁ: T/Hrosbienn 1 179% 103% | ver 1 179%  1.03% Mac 2 351T%  2.06%
5 Mac-Meg 2 357%  2.06%
- Meg 2 357% 2.06%
Mi-Meg 2 357%  2.06%
Mes-Alt 1 179%  1.03%
Mi 1 179%  1.03%
Mi-Mac 1 179%  1.03%
total | therophytes 56 100% 57.73% 56 100%  57.73% 56 100%  57.73%
H scap 17 51.52% 17.53% | a 19 57.58% 19.59% [Mes-Meg 7 2121% 7.22%
H caesp 5 1515% 515% | v-a 9 2727% 9.28% |Meg-Alt 5 1515%  5.15%
. Hrept 2 606% 206% |a-aut 2 6.06% 2.06% |Mac-Meg 4 12.12% 4.12%
Z | Hscapbienn 2 6.06% 206% |vera 2 6.06% 2.06% Meg 4 1212% 4.12%
f@ Hros 2 606% 206% |[v-aut 1 3.03% 1.03% Mes 4 12.12% 4.12%
5;: Hbienn (Tscap) 1 3.03% 1.03% Mac-Alt 3 9.09%  3.09%
E‘ Hscap (Tscap) 1 3.03% 1.03% Mes-Mac 2 6.06%  2.06%
E Hscapperenn 1 3.03% 1.03% Mac 1 3.03% 1.03%
H scand 1 3.03% 1.03% Mi-Mac | 3.03%  1.03%
SHherb (Hscap) 1 3.03%  1.03% Mi-Meg 1 3.03% 1.03%
Mi-Mes 1 3.03% 1.03%
total |hemicryptophyte 33  100% 34.02% 33 100%  34.02% 33 100%  34.02%
& | Grhizcaesp 2 40.00% 2.06% | a 4 80.00% 4.12% |Meg-Alt 2 40.00% 2.06%
g Gherbrhiz 1 20.00% 1.03% [a-aut 1 20.00% 1.03% Alt 1 2000% 1.03%
e Grad 1 20.00% 1.03% Mac 1 20.00% 1.03%
& | Grhiz(Hrept) 1 20.00% 1.03% Mes-Meg 1 20.00%  1.03%
total | geophyte 5 100% 5.15% 5 100%  5.15% 5 100% 5.15%
gll::;‘::;’,) NPcaesp 2 100% 2.06% |va 2 100% 2.06% | fodec 2 100%  2.06%
chamae-
phyta Ch frut 1 100% 1.03% |[v-a 1 100% 1.03% |Mi-Mes 1 100% 1.03%
(Ch)

scap — scapose, bienn — biennial, caesp — cespitose, dec — deciduous; fo — forb; rept —
creeping, herb — herbaceous, semiros — semirossette, ros — rosette, perenn — perennial,
scand — scandetophyta, rhiz — rhizomatous, rad — root, a — summer-flowering, aut — au-
tumn-flowering, v/ver — spring-flowering, Alt — tall, >100 cm, Mac — large, long, Meg
— large, robust, Mes — medium, Mi — small.
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In the analyzed weed flora, the presence of 33 hemicryptophytes (34.02%)
was documented, with the dominance of perennial scapose plants (17 species
or 51.52%), Table 1. Within this group species Achillea millefolium L., Cicho-
rium intybus L., Galium mollugo L., Hypericum perforatum L., Rumex crispus
L. and Sonchus arvensis L. were the most abundant. Within the hemicrypto-
phyte life forms (Figure 2), the second most represented group (15.15%) were
the five perennial caespitose species (H caesp), primarily grasses (fam. Poaceae).
Hemicryptophytes with a rosette (H ros), Plantago lanceolata L. and Taraxacum
officinale Weber in Wiggers, creepers (H rept) Glechoma hederacea L. and
Ranunculus repens L. and only one species (C. sepium) of the scandetophyte
life form (H scan) were also recorded.

When analyzing the phenology of hemicryptophytes, it is evident that
plants with a summer flowering period (a) were dominant, with 19 species
(57.58%), followed by the group of plants with a spring-summer flowering
period (v-a —27.27%). All other transitional groups (a-aut, v-aut and ver-a) are
less represented (Table 1).

Hemicryptophyte growth form analysis has shown a relatively equal pres-
ence of individual growth form groups (Table 1). Medium to large (Mes-Meg)
growth form group, with 7 species (21.21%) and robust and tall (Meg-Alt) group,
with 5 species (15.15%) were characterized by a somewhat higher number of
species, when comparing to the others.

The geophytes (G), with five species (5.16%), were the third most repre-
sented life form. Four rhizomatous geophytes (G rhiz) and one root-budding
geophyte (G rad) were recorded within this life form (Table 1).

Regarding their phenology (Table 1), the recorded geophytes are primar-
ily summer flowering (a — 80%), with the exception of Sorghum halepense (L.)
Pers. which flowers in the summer-autumn (a-aut) period. Different growth
forms are equally represented among the geophytes (Table 1).

Phanerophytes were represented in the study area by two nanophanero-
phyte species (2.06%, Table 1): Rosa canina L. and Rubus caesius L., both being
deciduous forbs lower than 2 m (life from: fo dec NP caesp) and chamaephytes
with only one species — Thymus vulgaris L.

DISCUSSION

The recorded diversity of the VrSac vineyards weed flora has doubled,
when compared to previous studies in the same locality, conducted 40 years
ago by Andeli¢ (1976) and Sinzar and Zivanovi¢ (1980), citing the presence of
46 and 35 weed species in the vineyards of the VrSac region, respectively.
However, the results of the study are similar to more recent research of vine-
yards weed flora conducted in Croatia (Dujmovi¢ Purgar and Hulina, 2004)
and Bosnia and Herzegovina (Kovacevi¢ et al., 2015). Therefore, such a dis-
crepancy in weed species numbers in the studied area 40 years ago and today
could most likely be a result of different sampling techniques, with previous
studies (Andeli¢, 1976; Sinzar and Zivanovi¢, 1980) possibly sampling a much
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smaller study area, or not recording the weed diversity all-year round. Alter-
natively, it could also result from an increase in weed species numbers, due to
consistent disturbances over the past four decades and high propagule pressure
from the surrounding agricultural landscape. Given that the recorded diver-
sity has doubled, such a dramatic increase is most likely a result of a combina-
tion of both restricted sampling technique in previous studies and an actual
increase in weed diversity in the study area over time.

Although hemicryptophytes are best adapted to temperate climate condi-
tions, which many studies have previously confirmed in Serbia (Dikli¢, 1984;
Popovi¢ and Obratov-Petkovi¢, 2006; Stankovi¢-Kalezi¢, 2007; Jakovljevi¢ et
al., 2008; Brkovi¢, 2015; Gavrilovi¢, 2016), the obtained results have shown a
dominance of therophytes in the V1neyard weed flora. This has also been pre-
viously observed by Sinzar and Zivanovié¢ (1980). On the other hand, Dujmovic¢
Purgar and Hulina (2004) have recorded a dominance of hemrcryptophytes in
the vineyards of northwestern Croatia, which is inconsistent with the results
obtained. Nevertheless, despite the general prevalent presence of hemicrypto-
phytes in Serbia (Dikli¢, 1984; Popovi¢ and Obratov-Petkovi¢, 2006; Stankovic-
-Kalezi¢, 2007; Jakovljevi¢ et al., 2008; Brkovi¢, 2015; Gavrilovi¢, 2016) and
in Croatia (Dujmovi¢ Purgar and Hulina, 2004), our results were expected, as
therophyto-hemicryptophytic character of weed flora is also evident in vine-
yards across the region (Sinzar and Zivanovi¢, 1992; Kovagevi¢ et al., 2008, 2015;
Kovacevi¢, 2013; Rotim, 2016). Furthermore a srmrlar domrnance of annual
broadleaf weed species (therophytes), followed by hemicryptophytes, has also
been shown to be characteristic for vineyards weed flora in other parts of the
world, e.g. in Spain (Bujan, 1991; Gago et al., 2007), Czech Republic (Lososova
et al., 2003) and North America (Baumgartner et al., 2008; Fredrikson, 2011).

Despite the hemicryptophytic character of the flora of Serbia (Dikli¢,
1984) and the entire temperate zone (Raunkier, 1934), the documented domi-
nance of therophytes in the weed flora of vineyards is a result of intensive
agrotechnical measures (Lososova et al., 2003; Kovacevi¢, 2013; Jeleni¢, 2015)
and microclimatic conditions in vineyards (Asproudi et al., 2016). The preva-
lence of therophytes is primarily caused by mechanical weed control measures
such as soil cultivation — tillage (Lososova et al., 2003; Kovacevi¢, 2013) and
therefore frequent ecosystem disturbances (Kovacevi¢, 2013) to which thero-
phytes are well-adapted (Jeleni¢, 2015). Even though Konstantinovi¢ et al.
(2012) have concluded that mechanical tillage between the vineyard rows re-
duces the number of weed species, Lososova et al. (2003) have shown that this
management practice actually favors the high proportion of therophytes. There-
fore, a high percentage of therophytes which was recorded (57.73%, Table 1)
was expected, given that tillage has for years been the main management
practice between the grapevine rows in the study area.

In line with the proportion of therophyte groups shown in Table 1, a recent
study of the vineyard seedbank (Konstantinovi¢ et al., 2012) has also shown a
high abundance of seeds of three scapose therophytes (Portulaca oleracea L.,
A. retroflexus and Chenopodium album L.) in the top (0—10 cm) soil layer.
Similarly, the vineyard weed association Diplotaxis muralis Kovacevi¢ 2013 is
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also characterized by absolute dominance (73%) of the T scap life form among
the recorded therophytes (Kovacevi¢, 2013), as is the overall vineyard weed
flora of the Herzegovina winegrowing region (81.2%; Kovacevi¢ et al., 2008).
C. bursa-pastoris was also the only species of the biennial rosette T/H life
form recorded by Kovacevi¢ (2013) in the vineyards of the Herzegovina region,
which was confirmed in this study.

According to SinZar and Zivanovi¢ (1980) a high proportion of hemicryp-
tophytes (and geophytes to some degree) in some vineyards can be correlated
with soil types. Namely, their presence is related with more productive soils, which
are characteristic for the southern parts of the VrSac region (Vasiljevi¢, 2015).
Also, it has been recorded that both hemicryptophytes and geophytes are more
abundant in the in-row weed vegetation, while therophytes are more numerous
in the spaces between rows (Sinzar and Zivanovié, 1992), which is expected
due to the implementation of different control measures in-row and between
the rows during the vegetation season. Also, although C. sepium is the only
documented species of the scandetophyte hemicryptophytes, its presence is
important for vine growers from the phyto pathological point of view as in
vineyards C. sepium is one of the principal host plants of the cixiid planthopper
Hyalesthes obsoletus (Langer and Maixner, 2004), which is the main insect
vector of the stolbur phytoplasma (Cvrkovic¢ et al., 2014).

The geophytes were significantly less represented in the study area, com-
pared to therophytes and hemicryptophytes, which was also confirmed by
Kovacevi¢ (2013) for the vineyards of the Herzegovina region. The results have
shown a slight decrease in the number of root geophytes in favor of rhizome
geophytes (Table 1), compared to the results of Sinzar and Zivanovi¢ (1980) in
the same study area. A higher incidence of rhizomatous weed species in vine-
yards can be a consequence of mechanical cultivation practices, which propa-
gate their rhizomes within the field (Fernandez, 2003).

Information pertaining to the phenology of the dominant weed species is
relevant for the vine growers, as it enables them to choose appropriate control
techniques to achieve good weed control (Gago et al., 2007). The highest pro-
portion of summer flowering plants in the vineyards weed flora was expected,
when bearing in mind the climate of the study area. Recent studies have shown
that S. halepense is one of the most represented summer-autumn flowering
weed species in the eastern winegrowing district of Srijem in Croatia (Rac
Papak, 2019). Differences in the phenology of the weed life forms between the
study area and the vineyards studied in the region of Herzegovina (Kovacevic,
2013) reflect the regional uniqueness of the Herzegovina vineyards, primarily
related to the climate conditions.

CONCLUSION

Results of the current study have shown that weed flora of the Vrsac
vineyards is of a therophyto-hemicrypthophytic character, with a strong prev-
alence of summer flowering medium-large therophyte and tall hemicryptophyte
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species. Such results were expected given the common cultivation practices
and frequent ecosystem disturbances of these vineyards and should impact the
future decision-making of appropriate weed control measures. Seeing how the
meteorological conditions during the 2016 vegetation season favored rapid weed
development and regrowth, thus making glyphosate-based chemical weed con-
trol obsolete in some instances, it would be recommended to include soil-applied
herbicides in those vineyards where more persistent weed species are recorded.
Soil-applied herbicide which would be appropriate for vineyard application, as
it does not affect the grapevine health or the wine quality, while simultane-
ously efficiently controlling both annual and perennial grass and broadleaf
weeds, is flazasulfuron, from the herbicide group of sulphonylureas (Bourdrez
and Beraud, 1999). Additionally, its prolonged residual action would enable a
fall application of this herbicide to keep the vineyards weed-free for a period
of five to eight months. Conversely, if the weather conditions are as favorable
for weed growth as they were in 2016, it is possible to also apply it in spring,
thus controlling the weed infestation all-year round.
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BMOJIOIIKU CITEKTAP KOPOBCKE ®JIOPE
BPITAYKNX BUHOI'PAIA (CPBUJA)
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Hymanka Jb. LIBUJAHOBUR?, Cuexana b. PAJTYJIOBUR?,
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"MucTuTyT 32 3amTHTY 61MIba M KUBOTHY cpenuny, Oncek 3a XepboIorujy,
Teomopa [dpajzepa 9, beorpan 11040, Cpouja
2 VuusepsuteT y Hosom Cany, [IpuponHo-MaTeMaTHuky BakynTer,
JemapTman 3a GHOJOTH]Y B €KOJIOTH]Y,
Tpr docureja O6panosuha 2, Hou Can 21000, Cpouja

PE3UME: ArpoTexHudke Mepe MpeicTaBibajy OCHOBHH (akTop Koju oapehyje
CTPYKTYPY U cacTaB KOpPOBCKe (uiope y BUHOTpajuMa. AJICKBaTHE Mepe Cy30ujama
KOpOBa y UCTO BpeMe 00e30el)yjy 1o0po oapikaBarhe BUHOIPa/ia, YMME CE OCUT'ypaBa
J00pO 3IpaBCTBEHO CTamhe BUHOBE JI03€ M BUCOK KBAJIUTET BUHA. MIMajyhu y Buy na
OMOJIOIIKY CIIEKTap KOPOBa yTHYE HA €PUKACHOCT MEpa KOHTPOJIE, LINJb OBOT UCTPaIKH-
Bama OMo je J1a ce yTBp/e OMOIIoIIKa CBOjCTBa KOpoBcke (iiope Bpmaukux BUHOrpasa,
aHAJIM30M JIOMUHAHTHUX )KUBOTHHUX ()OPMHU KOpOBa U luxoBe (peHooruje. droprctuy-
Ka aHaJI13a BpIIICHA je TOKOM BereTalujcke ce3oHe (y neproay MaptT—HoBemoap) 2016.
roauHe, Ha 60 TpajHUX OIVIEAHUX Maplesa BeaIuduHe | m~ Ha TpH JIOKAJUTeTa Ha
nojpyy4jy Bpmaukux Bunorpazaa. YTepleHo je npucyctso 97 Bpcrta, y okBupy 26 pas-
nYuTUX (hamuauja. AHaan3a OMOJIONMIKOT CIIEKTpa IToKas3asa je Ja je KopoBcka (hiopa
BHUHOI'pajia UCTPaKUBAHOT MOJAPYyUja TePOPUTCKO-XeMUKPUITOPUTCKOT KapakTepa
(tepodure: 57,73% u xemukpunrodure: 34,02%). Y okBHPY MpeICcTaBHUKA KUBOTHUX
(dopmu TepoduTa M XeMHKPUNITOPHUTA, TOMHUHAHTHO Cy 3aCTYIJbCHE BUILNETOUIIIEHES
3espacte Ousbke ca cradspukoM (T scap), 10K je y norsieny (peHooNnKe JTHHAMUKE Haj-
Behu Opoj BpcTa Koje 1BeTajy TOKOM JieTa. Pesynraru 10 Kojux ce JIOUIIO Y CKIIOITY OBOT
HCTPaXXMBamkha yKa3yjy Ha CBEYKYITHO BUIIH JJUBEP3UTET KOPOBA, y Iopelery ca paHHjuM
HUCTpaXKMBambUMa KOPOBCKE (piiope BUHOTPajia UCTOT UCTPAKUBAHOT NoApydja. Mely-
TUM, PUKA3aHU PE3YITATH CY y CKIIaay ca pe3ylITaTUMa HOBHjHX UCTPaKMBama Ju-
BEp3UTETa KOPOBCKE (hiiope BUHOTpaa CIPOBEACHUX y 3eMJbaMa Y peruony. Taxohe,
JIOMUHAHTaH yeo TepopuTa y KOpOBCKOj (hiopu BUHOTpaaa OHo je oueKuBaH, umajyhu
y BUly IIpUMapHe MeXaHHYKe Mepe KOHTPOJIE KOje ce Y BUHOI'paJnMa TPaJUIIMOHATIHO
MIPUMEY]Y.

KJbYUYHE PEUU: OGuonomiky ciekrap, BUHOTrpaj, Bpuiauku BUHOTpaIH, )KHBOTHA
(dopma, KopoBH, (hEeHOJIOIIKA TMHAMHUKA
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PROGRAM R IN MAPPING OF PROTECTED
NATURAL ASSETS IN SERBIA™

ABSTRACT: This paper deals with the tasks of creating maps of protected natural
assets (national parks and natural monuments — individual plant specimens) on several case
examples in Serbia. The main goal of the paper is to introduce the application of the R pro-
gram in diverse mapping assignments. Even though the R program is commonly used for
numerical and statistical analysis, its application in mapping assignments is still relatively
new and not widely known. Therefore, this paper aims to promote the use of R in mapping
and to present the appearance of maps that can be obtained as a result. The selected examples
are shown on different spatial scales, starting from the mapping of national parks on a map
of Serbia, continuing with the mapping of a single national park in a narrow spatial context,
ending with the mapping of individual protected plants. The same procedure can be re-
peated for the similar mapping assignments in the future. Creating maps is an integral part
of defining adaptive management strategies for protected natural assets, and therefore can
greatly impact the process of monitoring and conducting conservation measures for in situ
plant protection activities.

KEYWORDS: R program, mapping, national parks, natural monuments

INTRODUCTION

Protecting plant species can be assisted with three main categories of
activities: the measures of legal protection, in-situ protection, and ex-situ pro-
tection (Vuji¢, 2008). Legal protection is based on implementing different
activities defined by legal documents, in situ protection implies the protection
of species on the spot, while ex-situ protection means protecting species away
from their natural habitats. Examples of in situ protection are national parks,
natural monuments, nature reserves, protected landscapes, etc. To define a
proper management strategy for a certain protected area, one needs to conduct
a comprehensive analysis, including different mapping assignments. Creating
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maps can be done in many computer programs, and among them GIS tools and
R are most commonly applied nowadays (Lakicevic et al., 2020b). The main
aim of this research is to present and analyze possibilities for mapping the
protected natural assets in the R program. For that matter, in this research there
were several case examples of protected natural assets in Serbia selected for
the procedure of mapping, including both protected areas (natural parks) and
protected plant individuals (natural monuments).

Creating maps in R is supported by many packages, starting from the ones
that do not require high fluency in R (for example the R package “leaflet’) up
to more advanced ones that will be shown in this paper (the R packages “ggmap”
and “ggplot2”). Mapping of protected areas in R begins with gathering the
input spatial data, first of all — geographic coordinates (longitude and latitude)
for a specific protected area or protected plant individual. These data are in-
troduced into the R environment and afterwards plotted on different base maps.
Once the maps are created, the spatial data can be used for further analysis
necessary for the process of defining appropriate management strategies.

In addition to that, the program R provides a valuable support for apply-
ing the multi-criteria analysis methods, such as AHP or PROMETHEE, which
enables the process of evaluating management strategies and selecting the most
appropriate one (Lakic¢evi¢ and Srdevi¢, 2017). Therefore, the program R, aside
from mapping, can also be used for numerical analysis and applying multi-
criteria analysis methods in the protection of natural assets.

Regarding GIS tools valuable and commonly applied in mapping assign-
ments, this paper points out several advantages of using the R program. One of
the advantages is related to the fact that R is a programming language and therefore
supports writing and running different codes and the users can write them-
selves, which gives this program a great flexibility. The other advantage of the
R program is the existence of different packages that contain spatial data related
to plant species, for example, the package “rgbif”. The main disadvantage of the
R program is the requirement for, at least, medium proficiency in programming.
This being said means that both GIS and R are expected to be intensively ap-
plied in the future.

METHODS

For the mapping purposes we have used the R program (version 3.5.1), its
interface RStudio (version 1.1.463), and two R packages “ggmap” (Wickham,
2016) and “ggplot2” (Kahle and Wickham, 2013). The mapping assignments
were: creating a map presenting national parks in Serbia, creating a map of the
national park “Fruska gora”, and creating maps of protected plant individuals
in Sremski Karlovci. These examples were selected to demonstrate the appear-
ance of maps on different spatial scales. Table 1 contains the input data necessary
for plotting the map of national parks in Serbia. The base map for plotting was
the plain map of Serbia, and the locations of national parks are displayed as dots.
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Table 1. National parks in Serbia

National park Longitude — A Latitude — ¢
NP “Fruska gora” 19.65295 45.16670
NP “Perdap” 21.97583 44.52889
NP “Tara” 19.46583 43.84778
NP “Kopaonik” 20.83333 43.31667
NP “Sar planina” 20.92472 42.20250

For creating a map presenting the boundaries of the national park “Fruska
Gora”, the coordinates were imported in R from Google Earth Pro (382 pairs
of coordinates), and the base map was a satellite map. For creating the maps
presenting protected plant individuals in Sremski Karlovci, input data are pre-
sented in Table 2.

Table 2. Protected plant individuals in Sremski Karlovci, Serbia

Botanical name Longitude — A Latitude — @ Protected area [a]
Aesculus hippocastanum L. 19.94025 45.19914 7.5
Morus nigra L. 19.94696 45.19667 23
Platanus x acerifolia (Aiton) Willd. 19.93598 45.20214 16.2
Pterocarya fraxinifolia (Poiret) Spach 19.93176 45.20424 3.5
Taxus baccata L. (a, b) 19.93369 45.20222 7.8
Taxus baccata L. (¢) 19.93433 45.20361 5.7

Using the data presented in Table 2, two maps have been created. The
first one displays the spatial disposition of protected plant individuals on the
satellite map, and the second one presents one additional characteristic — the
size of the protected area on the so-called “toner” map. The same procedure
can be repeated in the future, for diverse assignments related to the mapping
of protected areas or protected plant individuals.

It should be noted that the mapping assignments presented in this paper
could be done by using the GIS tools, but the goal of this paper was to dem-
onstrate the appearance of maps that have been created by applying the R
program. The next section presents the maps created in R but also discusses
the possibilities for its application in similar mapping assignments in landscape
management and ecology.

RESULTS AND DISCUSSION

Using the package “ggplot2”, Figure 1 has been created, previewing the
location of national parks in Serbia.

117



46 -

A2
45 - .
National park
1 1 4 NP 'Berdap’
2 A NP 'Fruska Gora’
S 44 -
A5 3 A NP 'Kopaonik’
4 A NP’Sar planina’
A
3 5 & NP 'Tara’
43 -
4 A
42-
19 20 21 22 23
A

Figure 1. National parks in Serbia

Figure 1 shows the locations of national parks on the plain map of Serbia,
in the grid that specifies the value of longitude and latitude, as reference points.
For a more detailed preview of the boundaries of national parks, one needs
more precise input co-ordinates data, and for example, the map can be plotted
on the satellite base map using the package “ggmap”. The example for display-
ing boundaries of a national park is shown in Figure 2, previewing the bound-
aries for the national park “Fruska Gora”.

Figure 2 shows the boundaries of a national park placed in the geograph-
ic co-ordinates grid, but if the mapping assignment assigns the mapping of
individual plant species, one should work on a different spatial scale, in a more
narrow spatial context. For mapping individual plants, Figure 3 has been cre-
ated, using the “ggmap” package and the satellite base map.
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Figure 2. National park “Fruska Gora”
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Figure 3. Protected plant individuals in Sremski Karlovci
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Figure 3 previews the spatial disposition of protected plant individuals in
Sremski Karlovci. As a reference, this map can be compared with the map
from the previous research when ArcMap was used as a mapping tool for the
same case study example (see Lakicevi¢ et al., 2020a). Figure 3 is a basic map
and can be upgraded by introducing additional characteristics such as protec-
tion status, the size of a protected area, the height of a plant, etc., and that way
thematic maps are being created. In this research, we added one characteristic
— the size of the protected area to the basic map. A new, thematic map is plotted
on the “toner” base map and is presented in Figure 4.

Figure 4 shows spatial disposition and the size of protected plant indi-
viduals, divided into three categories. The size of the symbol was defined by
the program itself and does not correspond with the actual size of a protected
area, because the actual scale of the size of protected plants would be too small
for a clear and visible graphic presentation. Instead, the size of symbols oper-
ates in the relative ratio and serves for a comparison of the size of the pro-
tected area for different plant specimens.
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Figure 4. Protected plant individuals in Sremski Karlovci

In this paper, all mapping assignments included importing the spatial data,
i.e. coordinates into the R environment and then plotting these on different base
maps. As Figure 4 shows, the R program enables mapping procedure taking into
account certain conditions or criteria (in here that was the size of the protected
area). One of the main strengths of the R program is an easy procedure of
filtering and merging large sets of data that can be printed on the map, further
on. This feature is essential for creating thematic maps. In addition to that, it
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should be noted that there are R packages already containing data related to
plant species, for example, “rbgif” or “rredlist”. The “rbgif” package contains
diverse spatial data related to plant species occurrence (Chamberlain and Boet-
tiger, 2017) which enables an easy procedure of creating horology maps (Laki-
¢evic et al., 2018). The “rredlist” package gathers data related to endangered
species in accordance with the [UCN Red List (Chamberlain, 2017), and the
data extracted from this package can be used for further mapping and spatial
analysis. The existence of these “ready-to-use” R packages is the main advan-
tage of R in comparison to GIS tools.

CONCLUSIONS

This paper presents the application of the R program for several mapping
assignments related to the in situ protection of plant species. When creating
maps in R, there are two main possibilities: importing spatial data into the R
environment or extracting spatial data from the existing R packages, such as:
“rbgif” or “rredlist”. Both options provide high-quality maps, and this paper
focuses on creating maps by importing spatial data. The selected examples show
the procedure of mapping on different spatial scales, and the same concept can
be repeated for similar mapping assignments. Even though this paper focuses
on the application of R in mapping assignments, the recommendation for future
research would be to apply R for multi-criteria assessment of management
plans for a protected area, and maps that are previously created in R can serve
as a valuable input data.
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[TPOI'PAM R Y MAIIMPABY 3AIITUREHUX
NPUPOAHUX JOBAPA Y CPEMIU

Munena I. JAKUWREBUh

Yuusepsutet y HoBom Cany, [lossonpuBpentn dakyirer,
Tpr Hdocureja O6panosuha 8, Hosu Cax 21000, Cpouja

PE3UME: Pan ce 6aBu nuTameM Manupama 3aliTHNeHUX MPUPOJHUX J00apa
(HaIMOHATTHUX MApKOBa M CIIOMEHHMKA IPUPOJIE — NOjeJUHAYHUX OMJBbHUX UHAUBUYa)
Ha HeKoJuKo npumepa y Cpouju. [1aBHM 1MJb paja je npeacTaBbambe IpuMeHe Ipo-
rpama Ry pasnn4ntum 3ajannma y Besu ¢ ManupaseM. Hako ce nporpam R yoGuya-
JEHO KOPHCTH 38 HyMEPHYIKY U CTATUCTHYKY aHAIN3Y, IeroBa PHUMEHa y 00JIacTH Ma-
MUpamka je ¥ Jajbe HOBA M HHUjE IUPOKO MO3HaTa. Y CKIIaIy ¢ THM, paJ UCTHYC 3HAYA)
IIpUMEHe Iporpama R y Manmpamy u npukasyje u3rien Mana Koje ce 1obujajy xao
pesynrar. Ogabpanu npuMepH Cy PHKa3aH: y PA3THIATHM pa3MepaMa; OUeBITH O]
Malnupama HAIMOHATHIX [TapkoBa Ha kapTu Cpouje, 3aTUM Manuparma HAI[HOHATHOT
rapka y y>keM IIpOCTOPHOM KOHTEKCTY, U Ha Kpajy, Maluparma 0jeAMHaYHUX OUJbHUX
uHaUBUAYya. VcTH mocTynak Moxe OMTH MPUMEHEH 3a CIUYHE 3aaTke y Oyayhum
HCTpaXXUBambUMa. Manupame je HeM30CTaBHHU /10 Ae(pUHICaka aalTUBHUX CTpaTe-
ruja ynpapibama 3alITHheHUM MPUPOTHUM JJIOOpHUMA U MMa 3HAYajHY YJIOTY Y TIOCTYTI-
nuMa npahema crama U CipoBoherba Mepa in Situ 3aITUTEe OMJBHUX BPCTA.

KJbYYHE PEYU: nporpam R, Manupame, HALIMOHAJIHU MapK, CIOMEHUK IPUPOIE
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INSTRUCTION TO AUTHORS

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 communications
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 publi-
cation 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 regarding
the grammar and style. The manuscripts should be submitted electronically as a
separate file to vnikolic@maticasrpska.org.rs and enclosed with the author’s written
consent for the publishing of the manuscript.

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

2. Planning and preparing of the manuscript

2.1. Type the manuscripts electronically on A4 (21 % 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 ad-
dress. In complex organizations, a full hierarchy should be mentioned (e.g. Univer-
sity 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, Intro-
duction, Material or Methods, or Material and Methods, Results or Results and Dis-
cussion, 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.
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(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. Finan-
cial 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 af-
filiation, and the address of the person providing the assistance or the full name and
the address of the assisting institution.

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

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

5. References

5.1. List the References alphabetically. Examples:

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

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

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

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

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

(f) Articles reported at scientific meetings and published in extenso or in a sum-
mary form: Last name FR (2011): Proceedings, Name of the meeting, Meeting organ-
izers, 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.
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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 instruc-
tions 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 Italics font style.

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

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

7. Figures
7.1. Authors may use black-and-white photographs and good quality drawings.
7.2. A caption with the explanation should be put below each figure.

8. Tables

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

8.2. Number the tables using Arabic numerals.

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

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

9. Electronic copy of the article

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

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