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XEROPHILIC MOULDS ISOLATED FROM SPICES
USED IN MEAT INDUSTRY AS POTENTIAL
PRODUCERS OF MYCOTOXINS

ABSTRACT: Spices are often considered as one of the possible sources of meat products
contamination with toxigenic moulds. Genera Aspergillus, Eurotium and Penicillium are
most frequent xerophilic storage moulds that contaminate spices. Because spices are pos-
sible source of contamination of the final product and potential producers of mycotoxins, it
is necessary to estimate the degree of moulds contamination and their ability to produce
secondary metabolites — mycotoxins.

Mycological analysis was carried out on five samples of oregano and clove respec-
tively. Presence of moulds was determined by parallel usage of Sabouraud maltose agar
(SMA) and the medium that stimulates the growth of xerophilic species: malt — yeast extract
agar with 50% of glucose (MY50G).

Isolated moulds were classified into five genera (Aspergillus, Alternaria, Cladospo-
rium, Rhizopus and Penicillium) and 9 species.

Mycotoxins determination was carried out using ELISA test (commercial kits Tecna,
Italy) for the presence of aflatoxin B1, ochratoxin, A and zearalenone.

The results showed the presence of aflatoxin Bl, ochratoxin A, and zearalenone in
almost all samples, except one sample of oregano and one clove sample.

We can conclude that it is necessary to introduce mandatory mycotoxins determina-
tion (aflatoxin B1, ochratoxin A), in raw material for meat industry, especially spices. These
secondary metabolites are known as extremely toxic and are classified in group I of human
carcinogens.

KEY WORDS: ELISA, moulds, mycotoxins, selective medium, spices

INTRODUCTION

Spices and herbs are valued for their distinctive flavors, colors, and aromas
and are among the most versatile and widely used ingredients in food preparation

* . . ..
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and processing all over the world. As is the case with many other agricultural
products, spices and herbs may be exposed to a wide range of microbial con-
tamination during pre — and post — harvest (Hashem and Alamr i, 2010).
Such contamination may occur during processing, storage, distribution, sale
and/or use (M cKee, 1995).

Modern meat industry cannot be imagined without utilization of spices.
However, spices, together with all other dried material of herbal origin, are
never sterile. In most cases, they contain sporogenic bacteria and moulds.
These microorganisms can cause spoilage of the product by their metabolic
activity, consequently resulting in significant economic losses.

Presence of moulds in spices and later in sausages or other meat products
can result in production of toxic metabolites — mycotoxins, independently of
contamination degree (Koci¢-Tanackov et al, 2007). In addition,
changes in odor and other undesirable sensory changes can also occur in con-
taminated products. Mycotoxins are fungal secondary metabolites identified
in many agricultural products screened for toxicogenic moulds (Clevsrton
and Ljunggren, 1985; CAST, 2003). Mycotoxins have been reported to be
carcinogenic, teratogenlc tremorogenic, hemorrhagic, and dermatitic to a
wide range of organisms, and known to cause hepatic carcinoma in man in
humans and animals (Frisvad etal, 2005;Zinedine etal., 20006).

It has been reported that principal contaminants of spices are xerophilic
moulds from the genera Eurotium, Aspergillus, and Penicillium (Dimi¢ and
Skrinjar, 1995, Dimi¢ etal, 2000; Romagnoli etal., 2007).

Production of toxins prlmarlly depends on genetic factors however, envi-
ronmental conditions at the site of moulds growth (temperature, water activity,
matrix composition, moisture content, pH of the medium, contamination and
physical destruction of the substrate, antifungal properties and other factors)
are considered highly significant.

The authors Skrinjar and Boldocky (1994) determined the pres-
ence of 8 moulds species isolated from mixtures of spices intended for meat
industry; Aspergillus species were dominant, while garlic had the highest degree
of molds contamination, but only with two species (Eutotium herbariorum and
Penicillium granulatum).

Dimi¢ etal. (2000) established that about 46% of spices mixtures, 29%
of black pepper and 25% of paprika was contaminated by moulds. According
to this author, main sources of contamination were Eufotium herbariorum,
Aspergillus versicolor, A. sydowii and A. flavus, Penicillium auratiogriseum
and P. chrysogenum.

The same authors report that among 45 identified species responsible for
fungal contamination, 55% was potentially toxigenic. Two samples of spices
mixture contained high concentrations of ochratoxin A (32.00pg/kg in mix-
ture of spices for frankfurters production), as well as zearalenone in three
samples of black pepper (192.00png/kg — 288.00ug/kg).

Considering that spices are possible source of contamination of final
product, the aim of this paper was to determine contamination degree of final
product with xerophilic moulds by using various selective cultivating media,
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resulting in recommendation of most suitable medium, and to determine
ability of isolated moulds to produce mycotoxins using semiquantitative im-
Munoassays.

2. MATERIALS AND METHODS

2.1. Sampling

Samples of spices used in meat industry (oregano and clove) were inves-
tigated. Presence and enumeration of moulds, their determination and inves-
tigation of ability to produce mycotoxins were carried out.

2.2. Mycological procedures

2.2.1. Mould isolation

Enumeration of moulds in samples of spices (cfu/g) was carried out using
dilution technique by Koch (Harrigan, 1998). The enumeration of moulds
was performed using 16-cm Petri dishes on both Sabouraud malt agar (SMA,
Merck) with the addition of antibiotic (1ml of chloramphenicol, Sigma/100ml
of medium) and the medium that stimulates the growth of xerophilic species
— malt yeast extract agar with 50% of glucose (MY50G). SMA composition is
as follows: peptone 10 g, D(+)glucose 40 g, agar-agar 15 g; distilled water ad
1000 mL. pH after sterilization should be 5.6+0.2.

The composition of the other selective medium for detection of xerophilic
moulds species, MY50G, is: malt extract, Difco 0186, 10 g; yeast extract,
Difco 0127, 2.5 g; glucose, 50 g; distilled water, 500 ml; agar 10 g. pH value
after sterilization should be 5.7. The inoculated agar media were incubated for
7 days in dark at 25+1 °C and inspected for genus identification using macro
and microscopic morphological characteristics.

2.2.2. Mould identification

Moulds determination included recultivation of grown colonies on media
used for determination (Czapek and malt agar). Macroscopic and microscopic
morphological characters were used in the identification process. Colony
color, texture and diameter, the production of diffusible pigments, and exu-
dates were among macroscopic features, while conidia and conidiophore ar-
rangements were the microscopic.

All the isolates were identified according to Samson and van
Reenen-Hoekstra (1988), Samson and Pitt (2000), Samson et
al. 2004) and Pitt and Hocking (1997).

2.2.3. Mycotoxicological investigations

Presence of aflatoxin B1, ochratoxin A, and zearalenone was determined
simultaneously with enumeration and identification of moulds from oregano
and clove samples. Mycotoxins were determined using semiquantitative test
— ELISA. Commercial kits Tecna, Italy were used. Sample preparation was
carried out according to internal protocol for each mycotoxin. The results
were calculated based on calibration curve obtained during measurements.
The results were expressed as pg/kg™.



3. RESULTS AND DISCUSSION

Table 1 shows the results of mycological analyses — enumeration of molds
in samples of oregano and clove using different selective media, SMA, and
MY50G. These media have different composition of added sugars and water
activity (aw). SMA contains maltose and aw is in the range 0.98-0.99, while
MYS50G contains glucose and aw is 0.89.

The media that are traditionally used in isolation and enumeration of
moulds (SMA, potato dextrose agar, Czapek agar, and other) have high water
activity (about 0.99). Numerous xerophilic moulds, which are carriers of spic-
es contamination, have optional aw below 0.90. Collaborative investigations
with SMA and MY50G provide more accurate perspective on micropopula-
tion and contamination of examined samples.

Tab. 1. — Total viable count (TVC) per 1g of oregano and clove

Oregano Clove
Sample SMA MY 50 G SMA MY 50 G
(TVC) (TVC) (TVC) (TVC)
1 40 1.6 x 10? 2.4x10° 7x10°
2 15 1.2x 10° 3.2x 107 0
3 10 45x10° 2.5x 107 0
4 40 1.0 x 102 2.0x 10° 0
5 15 1.0x 10° 2.3x10° 0

All investigated samples showed presence of moulds on both SMA and
MY50G media (Table 1). However, significant differences were observed in
enumeration of moulds grown on SMA and MY50G. Number of colonies was
significantly higher on MY50G (from 1.0 x 10*tol.2 x10° cfu/g), compared to
SMA (from 10 to 40cfu/g).

The results of clove analysis showed somewhat different aspect (Table 1).
The growth was determined in all samples cultivated on SMA, while no
growth was observed in four samples cultivated on MY50G. Total count of
moulds was between 2.0x10? (sample 4) and 2.4x10° (sample 1), while only one
sample (number 1) showed moulds contamination using MY50G (7x10%).
Therefore, in this series of investigations, SMA was more appropriate for
qualitative and quantitative determination of moulds.

These results pointed to the fact that media with limited amount of free
water suppressed the growth of moulds that are not extremely xerophilic in
nature. It is also known that xerophilic moulds can be divided into fast-growing
and slow-growing forms (Pitt and Ho ckin g, 1985). Slow-growing moulds,
even under optimal conditions can be overgrown by fast-growing xerophiles.

After monocultivation of different colonies formed on SAM and MY50G
media and examination of their morphological and other properties, seven
different species were identified. The majority belonged to genus Aspergillus,
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in oregano samples (57.14%) and clove samples (28.57%), respectively. Other
identified species in oregano samples were Alternaria alternata (14.28%),
Rhizopus stolonifer (14.28%), and Penicillium sp. (14.28%).

Even percentage share (28.57%) was recorded in moulds from genus A4s-
pergillus and Penicillium in clove samples. Other identified moulds were from
genera Alternaria (A. alternata), 14.28%, Rhizopus (R. stolonifer), 14.28%,
Penicillium (P. aurantiogriseum, Penicillium sp.), 28.57% and Cladosporium
(Cladosporium sp.) with the share of 14.28%.

Tables 2 and 3 show the percentage of moulds species in oregano and clove
samples.

Tab. 2. — Presence of moulds species in oregano samples

Genus Species Share %%
Aspergillus A. flavus
A. niger
A. rubrum ST14
A. candidus
Alternaria A. alternata 14.28
Rhizopus R. stolonifer 14.28
Penicillium P. sp. 14.28

Tab. 3. — Presence of moulds species in clove samples

Genus Species Share, %
A. flavus
A ] 28.
spergillus 1 rubrum 8.57
Cladosporium Cladosporium sp. 14.28
P —
Penicillium aurqn.tziogrzseum 28.57
Penicillium sp.
Alternaria A. alternata 14.28
Rhizopus R. stolonifer 14.28

The emergence of Aspergilli, Penicillia, and Rhizopus species on the
three different media greatly indicated the presence of these moulds as the
dominant mycoflora of different spices. This observation was greatly in agree-
ment with other authors who studied mycoflora of spices and medicinal herbs
(EI-Kady etal., 1995;Dimi¢ etal, 2008). Early Takatori etal. (1977)
and Ayres etal. (1980) found the Aspergillus and Penicillium spp. the main
mycopopulation of cardamom, cinnamon, fennel, coriander, cumin, black
cumin and white pepper all of which are common in the food industry. The
contamination with fungal species resulted from neutral extraneous contami-
nation by dust following storage in humid conditions (D omsch et al., 1981).
Moulds fall into two ecological categories, e.g., field and storage moulds. Field
moulds were observed to invade development or mature seeds while it is on
the plant, the major field moulds genera being Alternaria, Fusarium and
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Cladosporium. On the other hand, storage moulds are those encountered on
plants at moisture conditions routinely found in stored products. These moulds
principally belong to species Aspergillus and Penicillium (Abou Donia,
2008). The spices can undergo fungal contamination mainly during spice
processing, storage and transport (Dimi¢ etal., 2008).

In clove samples (Table 4), besides aflatoxicogenic moulds from genus
Aspergillus, Penicillium aurantiogriseum has been determined as dominant
species. This microorganism belongs to ochratoxin A producers (Skrinjar
and Horvat-Skenderovi¢, 1992).

Original medium, MY50G has shown better efficiency in determination
of Aspergillus species, based on results of micropopulation quantitation in
oregano samples. The frequency of Aspergillus species in overall population
was 100% on MYS50G, while frequency was only 51% on SMA (Figure 1).
The highest frequency of Penicillium genera was determined on SMA medi-
um (14.5%). On MY50G medium, this value was 3.3% (Figure 2).
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Fig. 1. — Frequency of Aspergillus spp. on SMA (1) and MY50G (2)
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Fig. 2. — Frequency of Penicillium spp. on SMA (1) and MY50G (2)
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The variation in frequency of mycopopulation of oregano and clove cul-
tivated on SMA and MG50Y media is most probably related to the strain type
within one species. Environmental factors also have significant effect and can
induce the growth of mycopopulation on lower aw values (optimal tempera-
ture and type of nutritive components in the medium). Xerophiles, especially
selective ones tend to be very sensitive on environmental conditions.

Askun etal. (2007) used Rose-Bengal Chloramphenicol Agar (Oxoid,
CM 549) and Dichloran-Glycerol (DG18) Agar (Oxoid, CM 729) for determi-
nation of xerophilic moulds. Other media can also be used such as Dichlo-
ran-Glycerol (DG18) Agar Base (Pitt and Hocking, 1985), MY70FG and
MYS50FG (Beuchat and Hocking, 1990), MY50S and MY40S (Beu-
chat, 1998).

Presence of mycotoxins was determined in examined samples (5 oregano
and 5 clove samples) in 80% of cases (Table 4).

Tab. 4. — The results of mycotoxins determination in samples of oregano and clove

Oregano Clove
Aflatoxin B; | Ochratoxin A | Zearalenone | Aflatoxin B; |Ochratoxin A | Zearalenone
(ng/kg) (ng/kg) (ng/kg) (ug/kg) (ng/kg) (ng/kg)
7.5 22.4 10 Not detected 32 8
17 10 4.5 31.5 26.9 11.5
10 12 7.6 6.8 11.2 7.4
Not detected 4 11.2 4 7 5.9
53 5.7 3.2 12 5 4.9

The origin of mycotoxins in spices samples can be the result of their
previous synthesis during storage of these products. However, there is the pos-
sibility of their production by moulds that contaminated the spices during
storage. This ability is characteristic for moulds belonging to Penicillium ge-
nus since they can reproduce at lower temperatures (around +5°C), and in
some cases even produce toxins in these environmental conditions (Skrinjar
et al., 1998).

The risk of contamination by mycotoxins is an important food safety con-
cern for grains and other field crops. Mycotoxins affecting groundnuts/peanuts,
cereals (maize, rice, sorghum, wheat, barley and oats), spices (black pepper,
ginger and nutmeg) and chili are considered to be of greater significance for
human beings (Bhat and Vasanthi, 2003; CAST, 2003; Bryden, 2007).

Over the last two decades various international evaluation on maximum
residue limits and regulations for mycotoxins were published. A study by the
United Nations’ Food and Agriculture Organization (FAO) on worldwide reg-
ulations for mycotoxins revealed that at least 77 countries now have specific
regulations for mycotoxins (FAO, 2004). In the Republic of Serbia, maximum
residue limits for mycotoxins in spices are set to 30 pg/kg for total aflatoxins
and 10 pg/kg for ochratoxin A.
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CONCLUSION

Based on obtained results, it can be concluded that it is necessary to use
selective media adjusted to specific requirements of xerophiles in order to
achieve proper isolation and accurate contamination degree of spices by
xerophilic moulds. Utilization of selective media enables acquiring represent-
ative insight in spices mycopopulation.

Spices are potential source of mycotoxins, hence the necessity of regular
mycotoxicological analysis of these products with the aim of consumers’ pro-
tection, prevention of food spoilage and consequent significant economic
losses. For this reason, such analyses should be mandatory in evaluation of
food safety parameters.

The ELISA test was used as an initial screening procedure in order to
determine the presence of ochratoxin A and other mycotoxins.
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KCEPOOWJIHE IINIECHU N30JIOBAHE 13 3AUMHA KOJU CE
KOPUCTE Y UHAYCTPNIU MECA KAO IIOTEHLIMJAJIHU
IMMPOAYUEHTU MUKOTOKCHUHA

Mapuja M. IlIkpumap', CraBuna M. Beckosuh MogaanMH Becna B. Jaukosuh?,
Jenena b. Bykojesuh

! Texnonomku pakynrer, Yausepsurer y Hoom Cany, Bynesap napa Jlasapa 1,
21000 Hosu Can, Cpbuja
2HCTUTYT 3a XUTHjeHy ¥ TexHonorujy Meca, Kahanckor 13, 11000 Beorpaxa, Cp6uja
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Pe3ume

Kao jenan on Moryhux nssopa KOHTaMHHALK]E IPOM3BO/A O MECA TOKCHICHUM
IIJIECHUMA 4eCTO e HaBoJle 3aunHu. BpcTe Koje ce mojaBibyjy Ka0 KOHTAMUHEHTH 3a4H-
Ha cy KcepoduiiHe, CKIIaJNIIHE TUIECHH, Hajuenrthe u3 ponosa Aspergillus, Eurotium
Penicillium. Y3nmajyhu y 003up 4MmbEHUILY J1a 3a9HHH TIPEJICTaBIbajy Moryh n3Bop KOH-
TaMHHaIKje GUHATHOT TPOU3BO/IA, KA0 U 1a CY MOTSHIMjATHH TPOAYLUEHTH MUKOTOKCH-
Ha, HEOIXO/IHO je YOUMTH CTENCH KOHTAMUHALN]E [NIECHUMA H FBUXOBO OTEHIUH]aIHO
(bPISI/IOJIOHIKO CBOJCTBO J1a IPOAYKYJY CEKYHAApPHE METabOINTE — MHKOTOKCHHE.

Mukosnomknm ananu3ama o0yxBaheHo je 110 IeT y30paka opurasa u kapandu-
nuha. [IpucycTBO MiecHM UCIMTAHO je mapajeneHuM KopuirhemeM Sabouraud mai-
To3Hor arapa (SMA) u noasore xoja ¢paBopusyje pacT KCepo(UIHUX BPCTa — CIIATHA
KBaIyeB eKcTpakT arap ca 50% riuykoze (MYS0G).

W3on0BaHe njiecHU cBpCTaHe ¢y y net ponosa (Aspergillus, Alternaria, Clado-
sporium, Rhizopus v Penicillium) n 9 BpcTa.

MUKOTOKCHKOJIOLIKA HICIUTHBaka 00yXBaTula Cy yTBphuBame npucycTna adia-
TokcuHa bl, oxpaTtokcuHa A u 3eapasieHona. VcnuTuBama Cy BpIlIeHa yrnoTpeOom
ELISA TecTa n komMepIujaTHuX KuToBa rnpousBolhaua Terna, Utanuja.

Pesynraru ncnmtrBama cy okas3aii IpucycTBo adatokcnHa b1, oxparokcnaa A
U 3eapajieHOHa y TOTOBO CBUM y30pLIMMa, OCUM Y jeJHOM y30pKY OpPUIaHa U Y j€AHOM
y30pKy KapaHduauha.

Kao 3akspyyak HaBeleHUX UCTIUTHBamka HaMehe ce moTpeda 3a 00aBE3HUM MHUKO-
TOKCHUKOJIOLTKAM HCIIUTUBAKBHMa CHPOBHHA HAMEHEHUX U3paii IPOU3BO/IA Ol Meca,
IIPBEHCTBEHO 3aunHa. HapounTo 00aBe3HUM cMaTpajy ce UCIIUTUBAaa IpUcycTBa adia-
tokcuHa bl u oxparokcuHa A. HaBeneHH cekyHIapHU METaOOIUTH TO3HATH Cy Kao
BEOMa TOKCMYHU MUKOTOKCHHM KOJH CY YBPILITEHH y I'pyIy | XyMaHHMX KapLUHOT€Ha.

KJBYUHE PEUU: ELISA, 3aunHN, MUKOTOKCHUHH, TIJIECHHU, CEJICKTUBHE MTOJIJIOTE
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MITIGATING ABIOTIC STRESS IN CROP PLANTS
BY MICROORGANISMS

ABSTRACT: Microorganisms could play an important role in adaptation strategies
and increase of tolerance to abiotic stresses in agricultural plants. Plant-growth-promoting
rhizobacteria (PGPR) mitigate most effectively the impact of abiotic stresses (drought, low
temperature, salinity, metal toxicity, and high temperatures) on plants through the produc-
tion of exopolysaccharates and biofilm formation. PGPR mitigate the impact of drought on
plants through a process so-called induced systemic tolerance (IST), which includes: a)
bacterial production of cytokinins, b) production of antioxidants and c) degradation of the
ethylene precursor ACC by bacterial ACC deaminase. Symbiotic fungi (arbuscular mycor-
rhizal fungi) and dual symbiotic systems (endophytic rhizospheric bacteria and symbiotic
fungi) also tend to mitigate the abiotic stress in plants.

KEY WORDS: adaptation, microorganisms, plant, soil, stress

INTRODUCTION

Abiotic stresses affect the productivity of agricultural crops as well as
the microbial activity in soil. Extreme conditions such as prolonged drought,
intense rains flooding, high temperatures, frost and low temperatures, which
are expected to intensify in the future due to climate changes, will signifi-
cantly affect plants and soil microorganisms.

Microorganisms could play an important role in adaptation strategies and
increase of tolerance to abiotic stresses in agricultural plants. Plant-growth-
-promoting rhizobacteria (PGPR) are associated with plant roots and mitigate
most effectively the impact of abiotic stresses (drought, low temperature, sa-
linity, metal toxicity, and high temperatures) on plants through the production
of exopolysaccharates and biofilm formation. When plants are exposed to
stress conditions, rhizospheric microorganisms affect plant cells by different
mechanisms like induction of osmoprotectors and heat shock proteins.

During the crop production, microorganisms can be used for (a) monitoring
of biological activity in soil (microbial number, enzymatic activity and biodiver-
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sity); (b) as indicators of soil health/quality; (c) for mitigation of negative stress
caused in plants by abiotic factors; and (d) as beneficial and effective micro-
organisms as inoculants (Grover etal, 2010, Kastori etal, 2006, Mi-
losevic etal., 2008).

ADAPTATION OF MICROORGANISMS AS A RESPONSE
TO ABIOTIC STRESSES

A large number of environmental factors affect the microbial communi-
ties in soil. Some factors are referred to as modulators (Basler etal., 2001),
in contrast to the resources needed for the growth of microbial communities
(e.g., carbon, nitrogen). For example, soil temperature, pH, salinity, and water
potential are considered as modulators. Plant and microbial communities
change in response to stress conditions and there develop new, tolerant com-
munities, adapted through complex regulatory processes involving many
genes (MiloSevi¢ andMarinkovig, 2011).

Soil microbial communities consist of many populations, each with a
characteristic response curve to a particular environmental factor, indicating the
community’s physiological flexibility. Changes in the environment may change
the composition and biomass of a microbial community. All microorganisms
have a set of optimal environmental conditions, which secure their optimal
growth (Petterson, 2004).

When exposed to stress (drought, excess moisture, high and low tempera-
tures, metal toxicity), most microorganisms have the ability to survive in the
soil in an inactive state, but their activity is restored under favorable conditions.
Poor and/or degraded soils are inhabited by a narrow range of microbial genera
and species, which is reflected on soil fertility and the growth of plants.

Prolonged exposure to stress and the impact of recurring stress factors
(stress on stress) impacts the number of microbes in the soil, but not necessar-
ily their metabolic activity (Griffiths etal., 2000). Each bacterial species
has specific growth dynamics which is highly sensitive to environmental fac-
tors and it is a more reliable indicator of stress than metabolic activity (B1o e m
and Breur, 2003; Rajapaksha et al., 2004). Experiments have shown
that respiration may increase or decrease in response to stress (Tobor-
-Kapton etal, 2006), indicating that it is not a reliable stress indicator. In
astudy of Rajapaksha etal. (2004), addition of 128 mg of Zn/kg of soil
reduced microbial respiration by 30% and microbial growth by 90%. Reduced
presence of azotobacters and reduced dehydrogenase activity was registered in
soils with a nickel content of 23 to 75 mg/kg of soil. However, a high lead content
in the soil inhibited the growth of azotobacters but it did not inhibit soil dehy-
drogenase activity (MiloSevi¢ etal., 2008).

Microorganisms are capable of surviving high temperatures caused by
fire depending on its duration and intensity. Fires develop high temperatures
and cause a rapid loss of water (especially in surface soil layers), changing the
soil microclimate, and indirectly affecting the soil microbial community. Most
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biological reactions are temperature dependent. Exposure to high temperature
increases the rates of nutrient decomposition and release. Burning of crop
residues in a wheat-soybean rotation did not affect the total number of bacte-
ria and the number of nitrogen-fixing bacteria in soil (Harris et al., 1995).
A study of Vazquez et al. (1993) showed that, one month after burning of
vegetation cover, the bacterial population was 25 times lower and the number of
fungi decreased by about 5% compared with a soil that was not subjected to
burning. The population of fungi was reduced in the soils periodically sub-
jected to burning over a period of 10 years (Klopatek et al, 1994, cit.
Fites-Kaufman etal, 2006).

Microbial adaptation to stress is a complex regulatory process in which
a number of genes are involved (Tobor-Kapton etal, 2008; Grover et
al., 2010). Certain microbial species live in extreme habitats (thermophiles and
halophytes) and they use different mechanisms to reduce stress (M adigen,
1999; cit. Grover et al., 2010). When subjected to stress conditions, most
rhizobacteria produce osmoprotectors (K+, glutamate, trehalose, proline, gly-
cine, and polysaccharates).

MICROORGANISMS: ALLEVIATION OF ABIOTIC STRESSES
ON PLANTS

Investigations has shown that certain microbial species and/or strains
enhance plant tolerance to abiotic stresses such as drought, salinity, nutrient
deficiency or excess (Yang et al., 2008), and high contents of heavy metals
(Rajapaksha etal,2004;Grover etal., 2010; MiloSevi¢ and Ma-
rinkovig, 2011). Specifically, rhizospheric microorganisms have the great-
est impact on the tolerance of agricultural plants to abiotic stresses. When
near plant roots, soil microorganisms trigger different mechanisms that affect
plant tolerance to stress. They produce indole acetic acid, gibberellins, and
other substances that promote the growth of root hairs and increase total root
area, which in their turn facilitate nutrients uptake by plants. Plant-growth-
promoting rhizobacteria (PGPR), which live in association with plant roots,
elicit the largest influence on plants, affecting their productivity and immu-
nity. PGPR inhabit the rhizosphere of many agricultural plants and they take
part in increasing plant growth and reducing diseases caused by pathogenic
fungi, bacteria, viruses, and nematodes (K lopper etal,2004). Yang etal.
(2008) introduced the term ‘induced systemic tolerance’ (IST) that is caused by
PGPRs. According to these authors, the mechanism of IST causes physical and
chemical changes in plants, which result in plant tolerance to abiotic stresses.

The most important mechanism in many bacteria that directly stimulates
plant growth is the production of the enzyme 1-aminocyclopropane-1-carbox-
ylate (ACC) deaminase. Under stress conditions, the bacterial enzyme facili-
tates the growth of plants by decomposing plant ACC (ethylene precursor in
plants). Sale em etal. (2007) described the role of ACC deaminase-containing
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PGPRs in crop production. By reducing the level of ethylene, the plant becomes
more resistant to stress conditions in the environment (G 11k, 1999).

AM fungi alleviate the effects drought and salinity stresses, osmoregu-
lation and proline accumulation. Glomus intraradices increases the tolerance
of Pterocarpus officinalis to excessive moisture (Grover et al., 2010). In
addition, dual symbiotic systems tend to mitigate the effect of abiotic stress on
plants. The endophytic fungus Cuvularia sp. has been isolated from Dichathelium
lanuginosum growing on a geothermal soil and showing to be thermotolerant
to temperatures of 50°C to 65°C (Red man etal., 2002). When the plant and
the fungus grow separately, they do not tolerate temperatures above 38°C.

Drought / excessive moisture

Drought stress limits crop growth and productivity, especially in arid
and semi-arid regions. Some microbial species and/or strains that inhabit plant
rhizosphere use different mechanisms to mitigate negative effects of drought
on plants (Table 1). According to Grover et al. (2010), certain microbial
types may mitigate the impact of soil drought through production of exopolysac-
charates, induction of resistance genes, increased circulation of water in the
plant, and the synthesis of ACC-deaminase, indole-acetic acid and proline.

Crop inoculation (with e.g. Bacillus amylolequifaciens) leads to the pro-
duction of polysaccharates (EPS) which tends to improve soil structure by
facilitating the formation of macroaggregates. This in turn increases plant
resistance to stress due to water shortage. Soils with a high content of small
aggregates contain more nutrients in the form available for plants and micro-
organisms (NOs, P,Os, K,0), as indicated by high values of dehydrogenase
(Milosevi¢ etal, 2002a). However, a high portion of small aggregates
causes poor aeration and evacuation of water from soil pores, which leads to a
decline in soil fertility in the long run. Macroaggregates are guardians of soil
fertility, because they maintain a balance between aerobic and anaerobic con-
ditions and ensure a gradual uptake of nutrients from soil reserves. Inoculation
of wheat and sunflower with different species and/or strains of EPS-producing
bacteria tended to alleviate drought stress (Table 1).

Tab. 1. — Effect of microorganisms on drought mitigation in crops

Microorganism Crop Mechanism
Production of EPS which affects the structure of
Pantoea agglomerans Wheat . L
rhizospheric soil
Rhizobium sp. Sunflower Production of EPS which affects the structure of

rhizospheric soil

Production of EPS which affects the structure of
rhizospheric soil

Pseudomonas putida -P45 Sunflower

Azospirilum sp. Wheat Increased water circulation

Achromobacter piechaudii Tomato

ARVS Pepper Synthesis of ACC-deaminase
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Variovorax paradoxus Pea Synthesis of ACC-deaminase

Pseudomonas sp. Pea Decreased ethylene production
AM fungi Sorghum | Increased water circulation
Brome mosaic virus Rice Unknown

Pseudomonas mendocina

. . Lettuce Increased antioxidative status
and Glomus intraradices

Bacillus megaterium and
Glomus sp.

Source: Grover etal. (2010)

Clover Production of indole acetic acid and proline

PGPR mitigate the impact of drought on plants through a process so-
called induced systemic tolerance (IST) which includes: a) production of cy-
tokinins, b) production of antioxidants and c) degradation of the ethylene pre-
cursor ACC by bacterial ACC deaminase. (a) The production of cytokinins
causes the accumulation of abscisic acid (ABA) in leaves, which in its turn
results in the closing of stomata (Figueiredo etal., 2008; Cown et al,,
1999; cit. Yan g et al., 2009). (b) The production of antioxidants (e.g., the en-
zyme catalase) causes the degradation of reactive forms of oxygen. (c) The
bacterial-produced ACC deaminase degrades the ethylene precursor 1-amino-
cyclopropane-1-carboxylate (ACC) (Yang et al., 2009).

Oxygen is essential for the life on Earth. It is used by all aerobic organisms
for the production of energy by the process of respiration. In the course of res-
piration, oxygen is reduced to water while complex organic molecules (lipids,
carbohydrates, proteins) are subject to oxidative degradation. Of the total amount
of oxygen in cells, only a small portion (2%-3%) is transformed into toxic forms
that are referred to as reactive oxygen species (ROS). Homeostasis in plant cells
is maintained for as long as there is a balance between the production of ROS
and antioxidants. When exposed to drought stress, some rhizobacteria produce
antioxidants which neutralize the toxic effects of ROS in plant cells, reducing
damage to cells and biomolecules to a minimum (Gover etal., 2010).

Plant inoculation with ACC-deaminase-containing rhizobacteria causes
root elongation and water uptake from deeper soil layers, which is reflected on
plant growth and development especially under drought conditions (Zahir
etal.,, 2008; cit. Gover etal., 2010).

Our investigation on the effect of soybean seed inoculation with five
Bradyrhizobium japonicum strains under three drought levels of conditions
showed that differences existed in the reduction of dry matter in plants (Table 2).
The soybean plants inoculated with the strains D 216 and 2b plants were most
tolerant to soil drought. On average for all three drought levels, the lowest dry
weight reduction was registered in the plants inoculated with the strain D 216
(10.05%).

Soybean seed inoculation with five Bradyrhizobium japonicum strains
under three drought levels resulted in uneven reduction of nitrogen in the
aboveground plant parts (Table 3). On average for all three drought levels, the
lowest nitrogen reduction in the aboveground plant parts was recorded in the
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Tab. 2. — Effect of Bradyrhizobium japonicum inoculation on dry matter weight (g) in soybean
plants grown under three drought levels M ilo§evi¢ and Marinkovi¢, 2011)

Bradyrhizobium japonicum
. . (strain)

Drought intensity D216 318 311 b b

g % g % g % g % g %
(9] 7.316 | 100 | 7.304 | 100 | 6.007 | 100 | 7.089 | 100 | 7.520 | 100
V2 7.113 | 97.15 | 6.996 | 95.60 | 5..617 | 93.06 | 6.509 | 91.09 | 6.781 | 89.10
V3 6.454 | 86.64 | 6.334 | 84.69 | 5.333 | 87.36 | 6.379 | 88.87 | 6.539 | 85.00
V4 6.421 | 86.06 | 6.241 | 82.97 | 4.892 | 77.21 | 6.254 | 86.65 | 6.431 | 83.07
AVERAGE V2-V4 | 6.663 | 89.95 | 6.524 | 87.75 | 5.281 | 85.88 | 6.381 | 88.87 | 6.584 | 85.72

plants inoculated with the strains 1 b and 511 (3% and 7%, respectively), as
compared with the control variant. The results presented in Tables 2 and 3
indicate the possibility of selection and application of microbial strains in the
production of soybean under drought conditions.

Tab. 3. — Effect of Bradyrhizobium japonicum inoculation on nitrogen content (%) in soybean
plants grown under three drought levels

Bradyrhizobium japonicum
) . (strain)

Drought intensity D216 518 311 b b

%N | % | %N | % | %N | % | %N | % | %N | %
%] 2.188 | 100 |2.128 | 100 | 1.268 | 100 |2.214 | 100 |2.124| 100
V2 1948 | 89 |1.840| 86 |1.256| 99 |1.957| 88 |[2.001| 94
V3 1.995] 91 [2.020| 95 | 1.149| 90 | 1985 | 90 |[2.096| 98
V4 2.040 | 93 [1990| 93 |1.160| 91 |2.007| 91 |2.090| 98
AVERAGE V2-V4 | 1994 | 91 |1950| 91 |1.188 | 93 |[1983| 90 |2.062| 97

Under conditions of excessive moisture, microorganisms take up the avail-
able oxygen while toxic substances accumulate in the soil. In such conditions,
plants reduce the permeability of roots, water absorption and nutrients uptake,
which reduce the growth of aboveground plant parts and roots. Provoked by
excessive moisture, roots release large quantities of aminocyclopropane carbox-
ylate-1 (ACC) into the soil. Some groups of bacteria degrade ACC and reduce
its concentration in the soil by secreting the enzyme ACC-deaminase. In exces-
sively moist soil, bacteria such as Enterobacter cloacae and Pseudomonas putida
predominate over fungi and actinomycetes (Grichko and Glick, 2001).

Mycorrhizal fungi mitigate the stress caused in plants by excessive mois-
ture (Saint-Etienne etal., 2006, cit. Grover etal., 2010). It is hypoth-
esized that, under conditions of excessive moisture, the accumulation of
acetaldehyde and the high toxicity of ethanol intermediates in roots are re-
sponsible for damage to sensitive plant species.
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Temperatures

High temperature promotes plant growth and development, while low
temperature is the most important limiting factor to the productivity and geo-
graphic distribution of agricultural crops.

Some bacterial species and strains affect plant tolerance to high tem-
perature (Grover etal., 2010). So, Pseudomonas sp. strain NBRI0987 caus-
es thermotolerance in sorghum seedlings, which consequently synthesize high
molecular weight proteins in leaves thus increasing the plant biomass. The
bacterium Burkholderia phytofirmans PSJN colonizes grapevine residues and
protects the plant against heat and frost through increases in the levels of
starch, and proline and phenols. Inoculation of wheat seeds with Serratia
marscescens, strain SRM, and Pantoea dispesa, strain 1A increases the seed-
lings biomass and nutrients uptake at low temperatures.

Salinity

Microorganisms use different mechanisms to alleviate the salinity stress
in agricultural crops (Tab. 4). Some rhizobacterial strains (PGPR) affect the
growth and development of tomatoes, peppers, beans, and lettuce grown in
saline environments (Grover et al, 2010; Yildirium and Taylor,
2005). Inoculation of wheat seedlings with bacteria that produce exopolysac-
charates (EPS) affect the restriction of sodium uptake and stimulation of plant
growth under conditions of stress caused by high salinity (Ashraf et al,,
2004, cit. Grover etal., 2010). Corn, beans and clover inoculated with AM
fungi improved their osmoregulation and increased proline accumulation which
resulted in salinity resistance (Feng etal., 2002, cit. Grover etal., 2010).

Tab. 4. — Effect of microorganisms on mitigation of salinity stress in agricultural crops

Microorganism Crop |Mechanism
Achromobacter piechaudii Tomato | Synthesis of ACC-deaminase
Piriformaspora indica Barley |Increased antioxidative capacity
. Sorghum Increased water circulation
AM fungi Corn . . .
Improved osmoregulation and proline accumulation
Clover
B. amylolequifaciens When | Restricted Na+ uptake

Rhizobium and Pseudomonas | Wheat |Restricted Na+ uptake
Source: Grover etal. (2010)

Heavy metals

Heavy metals affect the soil microbial population, their effects depending
on the element in question and its concentration on one side and the bacterial
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species/strain on the other. Some heavy metals are essential micronutrients that
are required in small quantities for the growth of microorganisms and plants.
Microorganisms bind soluble heavy metals in three ways (biosorption, bioac-
cumulation, and the binding by metabolic products), which indirectly reduce
the negative impact of heavy metals on plants (Govedarica etal., 1997).

Studies have shown that the effect of nickel on the microbiological soil
properties depended on the microbial group and agricultural plant species
(Kastori etal.,2006,MiloSevic etal., 2002). Methylobacterium oryzae
and Burkholderia sp. reduce nickel and cadmium stress in tomato by reducing
their uptake and translocation (Marquez etal, 2007, Madhiyan etal,
2007). Inoculation with rhizobacteria alleviates abiotic stresses to plants
caused by drought, salinity and metal toxicity (Dimkpa etal., 2009). These
authors pointed out that the bacteria that are used as biofertilizers are at the
same time plant bioprotectants against stress. This interaction between plants
and rhizobacteria (e.g., Bacillus) mitigates stress conditions. Heavy metals
such as Cd, Ni, and Pb disrupt the water regimen in plants. Proline accumula-
tion in plant cells is a biomarker for stress induced by heavy metals.

The symbiotic associations between Rhizobium/Bradyrhizobium and le-
guminous plants are sensitive to the presence of heavy metals in soil (Gove -
darica etal, 1997). Heavy metals tend to inhibit nodulation. i.e., they inter-
rupt the rate of symbiosis between plants and mikrosymbionts depends on
heavy metals concentration in soil.

CONCLUSION

Microorganisms help agricultural plants to increase their tolerance and
adaptation to abiotic stresses. The complex and dynamic interactions between
microorganisms and plant roots under conditions of abiotic stress affect not only
the plants but also the physical, chemical, and structural properties of soil.
The possibility of mitigation of abiotic stresses in plants opens a new chapter
in the application of microorganisms in agriculture. Some microbial species
and strains could play an important role for understanding plant tolerance to
stress, adaptation to stress, and mechanisms that develop in plants under stress
conditions. Selection of microorganisms from stressed ecosystems may con-
tribute to the concept of biotechnology application in agriculture.
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YTULHAJ MUKPOOPIAHU3AMA HA YBIIAJKABAE ITOCJIIEJJUIIA
ABMOTHUYKOI' CTPECA KO/ ITOJbOITPUBPEAHNX KYJITYPA

Hana A. Munomesuh, Jenena b. Mapunkosuh, bpanucnasa b. Tunrop

WHCTHTYT 32 paTapcTBO U MoBpTapcTBo, Makcnma ['opxkor 30, 21000 Hoeu Can
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Pe3ume

MukpoopraHu3My MOTY UMaTH 3HauyajHy yJIOT'y Y cTpaTerdjama ajantaiuja u
nosehamy TOJIEPAaHTHOCTH MOJHONPUBPEAHUX OUIBHUX BPCTa HA aDMOTHYKE CTPECOBE.
Hajsehu yrnnaj ybnaxasata abHOTHYKAX CTpecoBa Ha OMIbKY (CyLua, HUCKE TeMIe-
parype, CalliHUTET, TOKCHYHOCT MeTaJla M BUCOKE TEMIIEPATyPe) MMajy MUKPOOPraHH3-
MU KOjH HaCGJLaBa_]y pH30C(EPHO 3eMIBHIITE, a MPOMOTEepH ¢y OusbHOT pacta (I1T'TIP),
KpO3 IPOLYKLHjy er3omnojaucaxapuia u (bOpMI/IpaH:CM ouopunma. [II'TIP yOnaxasajy
YTUII3] Cyllle Ha OuIbKe undyrkosanum cuctuemom wonepanyuje (UCT): a) mpomyKkiujom
0OaKTEepHjCKOT MUTOKMHIHA 0) TIPOIYKIIMjOM aHTHOKCH/IaHATA U II) JIeTPaIallijoM eTH-
neH npekypcopa AL 6akrepujckium ALILl-neamunazom. Takohe u cUMOHO3HE TJbUBE
(abscular mycorrhizal fungi) u nyan cumouosnu cucremu (rhizosphere, endophytic bac-
teria u symbiotic fungi) yruuy Ha yOnakaBambe a0HOTHYKUX CTPEcoBa y OUJbKama.

KJbYYHE PEUU: ananranuja, Ousbka, 3eMJBHINTE, MUKPOOPTaHU3MHU, CTPEC
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MICROBIOLOGICAL TRANSFORMATIONS OF PHOSPHORUS
AND SULPHUR COMPOUNDS IN ACID SOILS

ABSTRACT: The dynamics of phosphorus and sulphur in soil is closely related to the
dynamics of the biological cycle in which microorganisms play a central role. There is not
much microbiological activity in acid soils because aerobes are scarce, rhizosphere is re-
stricted to the shallow surface layer, and the biomass of microorganisms decreases with
higher acidity. The aim of the research was to investigate the number of microorganisms, which
decompose organic and inorganic phosphorus compounds and organic sulphur compounds
in calcocambisol, luvisol, and pseudogley.

The following parameters were determined in the soil samples: pH in H,O and in
IMKCI; the content of CaCOs (%); humus content (%), nitrogen content (%); the content of
physiologically active phosphorus and potassium (mg P,05/100g of soil; mg K,0/100g of soil).
The number of microorganisms was determined by the method of agar plates on appropriate
nutrient media: the number of microorganisms solubilizing phosphates on a medium by
Muramcov; the number of microorganisms that decompose organic phosphorus compounds
on a medium with lecithin; and the number of microorganisms that transform organic sulphur
compounds on a medium by Baar.

All three types of soil are acid non-carbonate soils with a low level of available phos-
phorus and a more favorable amount of potassium, nitrogen, and humus. The largest number
of bacteria, which transform organic phosphorus compounds, was found in calcocambisol.
The largest number of phosphate solubilizing bacteria was recorded in pseudogley, whereas
the largest number of phosphate solubilizing fungi was recorded in calcocambisol. The largest
number of bacteria, which transform organic sulphur compounds, was recorded in pseudogley.

KEY WORDS: acid soil, microorganisms, phosphorus, sulphur

INTRODUCTION

Soil microorganisms play a major role in the decomposition of plant res-
idues, creation of humus and maintenance of stable soil structure. They also
participate in the cycles of the most important macro and microelements such
as phosphorus and sulphur (Cairney, 2000; Klironomos etal., 2000).
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The dynamics of phosphorus in soil is closely related to the dynamics of the
biological cycle in which microorganisms play a central role (Wakelin et
al.,, 2004; Vassilev et al., 2006). Microorganisms affect the amount of
phosphorus accessible to plants by means of mineralization of organic phos-
phorus compounds, immobilization of available phosphorus and solubiliza-
tion of non-soluble phosphorus minerals such as tricalcium phosphate (Chen
et al., 2006; Kang et al,, 2002; Pradhan and Sukla, 2005). Organic
phosphorus compounds in soil are an important supply of this plant nutrient
but only after they have been mineralized (Gyaneshwar et al, 2002).
Mineralization is catalyzed by microbiological enzymes phosphatases (O ber-
son etal., 2001). Organic phosphorus mineralization in soil depends on tem-
perature, pH soil moisture, degree of aeration (Dalal, 1977). According to
Wittmann etal (2003a), optimum pH value for phosphatase activity is 4-5
and optimum temperature 35° C.

Sulphur is one of the essential plant nutrients contributing to yield and
quality of crops. There are two main forms of sulphur in soil, inorganic and
organic sulphur (Landers et al., 1983). In soil, sulphur is mainly found in
organic form (90%). Organic sulphur is present in three forms, ester sulfate-S,
C-bonded S and non-reducible organic sulphur (Freney et al., 1975). Sul-
phur transformations in soil are considered to result primarily from microbial
activity, which involves processes of mineralization, immobilization, oxida-
tion, and reduction. Mineralization of organic sulphur compounds and trans-
formation into forms accessible to plants is catalyzed by enzyme sulphatase
(Eivazi and Bayan, 1996; Hayes et al., 2000). Sulphatase activity has
been noticed even in soils with extremely low values of pH (pH 3-5), but its
effects in such extreme conditions are unknown (Kahkonen etal., 2002).

As acid soils are found in many areas in our country, the aim of the re-
search was to investigate the number of microorganisms that transform inac-
cessible phosphorus and sulphur compounds into forms accessible to plants.

MATERIAL AND METHODS

Acid soil samples were taken from the slopes of Golija mountain (calco-
cambisol), Radoc¢evo (luvisol), and Kraljevacka valley (pseudogley).

The following chemical properties of soil were determined: pH in H,O
and in IMKCI; the content of CaCOj; (%); humus content (%); total nitrogen
content (%); the content of physiologically active phosphorus and potassium
(mg P,0s/100g of soil; mg K,0/100g of soil).

The number of microorganisms was determined by the method of agar
plates (Trolldenier, 1996) on appropriate nutrient media (Hi Media Labo-
ratories Pvt. Limited Mumbai, India): the number of bacteria decomposing or-
ganic phosphorus compounds on a medium with lecithin, the number of phos-
phate solubilizing bacteria and fungi on a medium with aluminum phosphate,
and the number of microorganisms transforming organic sulphur compounds
on a medium by Baar. All groups of microorganisms were introduced into Petri
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dishes with 0.5 ml soil suspension from 10 dilution. The microorganisms
were incubated at the constant temperature of 28° C. The incubation of micro-
organisms, which transform phosphorus compounds, lasted 2-10 days, where-
as the incubation of microorganisms, which transform sulphur compounds,
lasted 7-10 days.

Statistical data analysis was performed using STATISTICA 10 software.

The significance of differences in the number of microorganisms between
different soil types was determined upon the least significant difference (LSD).

RESULTS AND DISCUSSION

The investigated soil types are characterized by the chemical properties
shown in Table 1.

Tab. 1. — Chemical properties of the investigated soil types

Soil pH Humus N CaCO; | mgP,0s | mgK,0
InH,O |[InIMKCI| % % % ul00g | uld0g
Calcocambisol 6.2 4.8 32 0.26 0.26 4.9 12.25
Pseudogley 5.1 3.7 2.4 0.18 0.46 43 14.3
Luvisol 4.0 3.6 3.7 0.43 0 2.1 15.7

Calcocambisol is a low carbonate soil. It abounds in nitrogen and has high
humus content. The amount physiologically active phosphorus in it is minimal
whereas the amount of potassium is greater. Pseudogley is an extremely acid
type of soil. It has a medium amount of nitrogen and humus. It is characterized
by a very low amount of phosphorus and calcium carbonate and a medium
amount of potassium. Luvisol is an extremely acid non-carbonate soil type. It
is well- provided with nitrogen and humus. The amount of phosphorus in it is
low whereas the amount of potassium is somewhat greater.

Microbial communities are important in soils because of their key function
in ecosystems processes such as decomposition, nutrient cycling, and plant
symbioses (Nannipieri etal., 2003). All these processes enable mutual re-
lations of microorganisms, soil, and plants. Soil pH is one of the most important
soil properties related to the composition of microbial communities (Baath
and Anderson, 2003; Nilsson et al, 2007, Wu et al., 2009; Brady
and Weil, 2002).

Three types of acid soils were used in this research, which certainly af-
fected the number of microorganisms. The number of bacteria decomposing
organic phosphorus compounds ranged from 5.37 to 6.49 x 10* g of abso-
lutely dry soil (Graph 1). The differences were not statistically significant (LSD
for 5% =5.42).
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Graph 1. — The number of bacteria transforming organic phosphorus compounds (10* g of soil)

Tarafdar and Claasen (1988) documented that almost half of the
microorganisms in soils and on plant roots were able to mineralize organic P
through the phosphatase action. Organic phosphorus compounds are mainly
phospholipids, phytin, and nucleoproteins. A large number of bacteria are able
to use phospholipids and nucleoproteins transforming them into phosphate
anions. In this research, a large number of bacteria decomposing organic phos-
phorus compounds could provide plants with a significant amount of this nu-
trient. However, in acid soils, phosphate anions form bonds aluminum and iron
cations and become available to plants only after the activity of microorgan-
isms. In acid soils, fungi are more active solubilizers of insoluble phosphates,
whereas in neutral soils, bacteria are more active. In this research, the number
of fungi solubilizing phosphates inaccessible to plants was similar in all three
types of soil, ranging from 1.41 to 1.73x10* g”! of absolutely dry soil (Graph 2).
The differences in the number of this group of microorganisms in the investi-
gated types of soil were not statistically significant (LSD for 5% = 1.21).

Phosphate solubilizing bacteria were not found in calcocambisol, where-
as in the other two types of soil their number ranged from 0.49 x 10* g to
8.81 x 10*g! of absolutely dry soil (Graph 3). A statistically significant differ-
ence in the number of bacteria was recorded between pseudogley and the
other two soil types and it was on the level P< 0.05 (LSD for 5%= 7.09).

Several reports have examined the ability of different bacterial species to
solubilize insoluble inorganic phosphate compounds, such as tricalcium phos-
phate, dicalcium phosphate, hydroxyapatite, and rock phosphate (Goldstein,
1986). It is generally accepted that the major mechanism of mineral phosphate
solubilization is the action of organic acids synthesized by soil microorgan-
isms(Halder, 1990; Leyval, 1989; Salih, 1989). Among them, gluconic
acid seems to be the most frequent agent of mineral phosphate solubilization.
Another organic acid identified in strains with phosphate-solubilizing ability
is 2-ketogluconic acid (Halder, 1990, 1993). Bacteria are more effective in
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phosphorus solubilization than fungi (A lam et al., 2002). Among the whole
microbial population in soil, phosphorus-solubilizing bacteria constitute 1 to
50 %, while phosphorus-solubilizing fungi are only 0.1 to 0.5 % in P solubili-
zation potential (Chen et al., 2006).

Unlike these results, in this research the number of phosphate solubiliz-
ing fungi was larger than the number of bacteria apart from pseudogley where
the number of bacteria was larger. This could be the result of unfavorable
conditions for microorganism activity in the investigated soil types. The in-
vestigated soil types are characterized by heavy soil texture, unfavorable
water-air ratio, and acidity (M iljkovi¢, 1996). Our results confirmed the
resultsof Yahya and Azawai (1998) who concluded that phosphate solu-
bilizing fungi in infertile soils were more numerous than bacteria.

The number of bacteria, which transform organic sulphur compounds,
amounted to thousands (Graph 4). Their smallest number was recorded in
luvisol (12.16 x 10*g™), whereas their largest number was recorded in pseu-
dogley (28.01 x 104 g). The differences in the number between the investi-
gated soil types were not statistically significant (LSD for 5% = 20.45).

2
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0.8
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Luvisal Pseudogley Calcocambisol

Graph 2. — The number of phosphate solubilizing fungi (10* g™)

Phosphate solubilizing bacteria were not found in calcocambisol, where-
as in the other two types of soil their number ranged from 0.49 x 10* g to
8.81 x 10* g of absolutely dry soil (Graph 3). A statistically significant differ-
ence in the number of bacteria was recorded between pseudogley and the other
two soil types and it was on the level P< 0.05 ( LSD for 5%= 7.09).

Several reports have examined the ability of different bacterial species to
solubilize insoluble inorganic phosphate compounds, such as tricalcium phos-
phate, dicalcium phosphate, hydroxyapatite, and rock phosphate (Goldstein,
1986). It is generally accepted that the major mechanism of mineral phosphate
solubilization is the action of organic acids synthesized by soil microorgan-
isms (Halder, 1990; Leyval, 1989; Salih, 1989). Among them, gluconic
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acid seems to be the most frequent agent of mineral phosphate solubilization.
Another organic acid identified in strains with phosphate-solubilizing ability
is 2-ketogluconic acid (Halder, 1990, 1993). Bacteria are more effective in
phosphorus solubilization than fungi (A lam et al., 2002). Among the whole
microbial population in soil, phosphorus-solubilizing bacteria constitute 1 to
50 %, while phosphorus-solubilizing fungi are only 0.1 to 0.5 % in P solubili-
zation potential (Chen et al., 2006).

Unlike these results, in this research the number of phosphate solubiliz-
ing fungi was larger than the number of bacteria apart from pseudogley where
the number of bacteria was larger. This could be the result of unfavorable
conditions for microorganism activity in the investigated soil types. The in-
vestigated soil types are characterized by heavy soil texture, unfavorable
water-air ratio, and acidity (M iljkovi¢, 1996). Our results confirmed the
results of Yahya and Azawai (1998) who concluded that phosphate solu-
bilizing fungi in infertile soils were more numerous than bacteria.

The number of bacteria, which transform organic sulphur compounds,
amounted to thousands (Graph 4). Their smallest number was recorded in
luvisol (12.16 x 10*g™), whereas their largest number was recorded in pseu-
dogley (28.01 x 104 g). The differences in the number between the investi-
gated soil types were not statistically significant (LSD for 5% = 20.45).

Sulphur is one of the essential plant nutrients classified as secondary
nutrient. Sulphur transformations in soil are considered to result primarily
from microbial activity which involves processes of mineralization, immobi-
lization, oxidation and reduction (Vidyalakshmi, 2009). So far, a great
deal of attention has been paid to the isolation and identification of Sulphur
Oxidizing Bacteria (Chapman, 1990; Wood, 1991; Johnson, 1992),
whereas very little attention has been devoted to investigating their number
and activity in soil. A relatively large number of bacteria, which transform
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Graph 4. — The number of bacteria that transform organic sulphur compounds (104 g of soil)

organic sulphur compounds in the investigated soils, confirms the results of
Wittman etal (2003b) who stated that the optimum pH value for sulphatase
is 4-5, which indicates that the hydrolitic activity of the enzyme is adapted to
acid soils.

CONCLUSION

All three types of soil belong to the group of acid, non-carbonate soils with
a low level of accessible phosphorus and a more favorable content of potassium,
nitrogen, and humus.

The number of bacteria decomposing organic phosphorus compounds
ranged from 5.37 x 10* g to 6.49 x 10* g of absolutely dry soil.

The number of phosphate solubilizing fungi was similar in all three types
of soil, ranging from 1.41 x 10* g to 1.73 x 10%g" of absolutely dry soil.

Phosphate solubilizing bacteria were not found in calcocambisol, whereas
in the other two soil types their number ranged from 0.49 x 10* g to 8.81 x
10* g! of absolutely dry soil.

The number of bacteria that transform organic sulphur compounds amount-
ed to thousands. The smallest number was recorded in luvisol (12.16 x 10* g™,
whereas the largest number was recorded in pseudogley (28 x 10* g™).
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Jparana Ctamenos', Mupjana JapaK CI/IMOHI/IILa ‘Bypuh',
Tumea Xa_]HaJ‘I Jadapu', [Iparana Bjennh?

HOJ‘LOHpI/IBpeZ[HI/I (akynrer, Tpr Jocuteja Obpanosuha 8, 21000 Hosu Can
*MIHCTUTYT 3a paTapcTBO U MOBpTapcTBO, Makcuma Iopkor, 21000 Hosu Can

Pesnme

Junamnka dpochopa u cymnopa y 3eMIbHLITY TECHO j€ MOBE3aHa Ca IMHAMUKOM
OMOJIOLIKOT LMKITyCa y KOjeM MUKPOOPraHU3MH UMajy LEHTpaHy ysnory. Mukpoouo-
JIOIIKA aKTHBHOCT Yy KHCEIIUM 3eMJBHINTHMA HUje BEJINKA, jep CY MOTUCHYTH acpOOH,
pu3ocdepa je orpaHrYeHa Ha INIUTKY MTOBPIIMHCKY 30HY, a ca moBehameM KUCEI0CTH
cMamyje ce M Onomaca MUKpoopranuzama. Llusbp oBHX HCTpaKUBamba je OMo Ja ce UCITH-
Ta 3aCTYIJBEHOCT MHKPOOPraHu3aMa KOjH pa3iaxy OpraHcka i HeOPraHCKa jeIHbCrba
(hocdopa u oprancka jeTBEHa CYMIIOpa y KAITKOKaMOUCOITY, TYBUCOITY H TICEYIOTIIE]Y.

VY y3opiumMa 3emsbuinTa oapelenu cy cienehu napaMeTpu: peaxiimja 3eMIbUIITA
(pH) y H,O n y IMKCI; cangpxaj CaCOs (%); canpikaj xymyca (%); canpikaj azora (%);
cajpxaj ¢puzuonomku akTuBHOr (hochopa u kanujyma (mg P,Os/100g 3emipuinTa;
mg K,0/100g 3emipuinra). Bpoj Mukpoopranuzama oapehuBaH je METOIOM arapHUX
IIoYa Ha OAToBapajyliuM CeNeKTHBHUM XPamHBHM MOAJIOraMa: 6poj MUKPOOpraHH-
3aMa KOju pas3iaxy (ocdare Ha 1ojsiosu mno: MypamIios, 6poj MEKpoOpraHuzama Koju
paznaxy opraHcka GocgopHa jeumberha Ha MOJIO3H ca JISIIMTHHOM, a OpOj MUKpOOpra-
HHU3aMa KOji TpaHC(HOPMUIIY OpraHCcKa jelnibemha CyMITopa Ha ToJJI03u 110 Baar-y.

CBa Tpu THIIA 3eMJBHIITA CIIA/1a]y Y TPYILY KHCENUX OecKapOOHATHUX 3eMJBUIIITA,
ca HUCKUM caJip>kajeM IpUcTynaqHor hocdopa v MoBOJBHUJUM cajipiKajeM Kallujyma,
a3ora u xymyca. Hajsehu Opoj Oakrepuja koje TpaHCHOPMHUIILY OpraHcKa jeIUHCHha
docdopa yrephen je y kankoxkambucomy. Hajsehn 6poj bakrepuja koje paznaxy pocda-
Te yTBpheH je y nceynoriejy, a Hajsehu Opoj IibBa Koje pasnaxy pocdare y Kankokam-
Oucomy. Hajsehu 6poj 6akrepuja Koje TpaHCHOPMHUILY OPraHCKa jeqnbEba CyMIIopa
yTBpleH je y nceynoriejy.

KJbYUYHE PEUU: kuceno 3eMJbHIITE, MUKPOOPTaHU3MU, CyMITOP, hochop
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PRELIMINARY CHECKLIST OF MYXOMYCOTA AND
ASCOMYCOTA FROM FRUSKA GORA MOUNTAIN

ABSTRACT: Fruska Gora mountain represents very important source of natural and
semi-natural forest ecosystems in the northern part of the Republic of Serbia and therefore
it is important source of habitats for different groups of fungi. As opposed to coordinated
inventory and monitoring projects of fungi established around Europe long ago, mycologi-
cal researches in Serbia are still sporadic and insufficiently coordinated by authorities and
experts. In accordance with that, available data concerning the state of fungi in Serbia are
scarce. The aim of this work was to collect all relevant unpublished data considering fungi
in Fruska Gora and to present checklist of two fungal phyla: Myxomycota and Ascomycota.
In the presented checklist, 23 recorded species of Myxomycota (known as fungal analogues)
were distributed in 2 classes, 5 orders, and 7 families. The first class (Protosteliomycetes)
contained only one species — Ceratiomyxa fruticulosa (fam. Ceratiomyxaceae). The largest
order was Trichiales (9 species), while the dominant families were Stemonitidaceae and
Trichiaceae, each with 6 species recorded. The most abundant species was Lycogala epi-
dendrum (fam. Reticulariaceae), with 13 records. Phylum Ascomycota was represented
with 95 species belonging to 6 classes, 12 orders and 29 families. The most highly repre-
sented classes were Leotiomycetes (32 species) and Pezizomycetes (31 species). The most
abundant species were: Xylaria polymorpha (17 records), Xylaria hypoxylon (14 records),
and Sarcoscypha coccinea (14 records).

KEY WORDS: Ascomycota, Checklist, Database, Fruska Gora mountain, Fungi,
Myxomycota

INTRODUCTION

Despite recommendations of mycological experts and institutions (EC-
CF-European Council for the Conservation of Fungi, IMA-International My-
cological Association, EMA-European Mycological Association, BMS-British
Mycological Society, etc.) for coordinated inventory and monitoring of fungi
worldwide and global efforts of mycological society in this task, mycological
researches in Serbia are still sporadic, uncoordinated and mostly neglected by

* Corresponding author: e-mail: maja.karaman@dbe.uns.ac.rs
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experts ([vancevic, 1995; Karaman, 1997). Although some important but
individual and unofficial projects for inventory and mapping of fungi in Ser-
bia exist, they are mostly done by mycological societies (Luki¢, 2008; Ivan -
c¢evi¢, 2010b) and no checklists or databases have been unveiled recently.
Some of the most comprehensive works concerning fungi in Serbia were pub-
lished by [Ivancevié¢ (1995,2002) and Uzelac (2009).

Surrounded by flat, mostly agricultural land, Fruska Gora mountain rep-
resents very important source of natural and semi-natural forest ecosystems,
and thus represents a main center of interest for the investigation of fungi in
the northern part of the Republic of Serbia. It was proclaimed a National Park
in December 1960, with active protection area of 25.525 ha. Fruska Gora is on
the border of continental climate, but the influence of height gradient and for-
est cover gives it the characteristics of subcontinental climate. The base of
ecosystem is represented by the sessile oak forest with butcher’s-broom (Ac-
ulenro-euerco Carpinentat serbicum Jov.) (Stevanovi¢, 1995). Diversity of
forest vegetation, specific geological substrate, and climate influenced the
rich biodiversity, with fungi as an essential component.

Research of fungi in FruSka Gora has been represented only in a few
papers (Rankovi¢, 1955 Lisiewska and Jeli¢, 1971; Karaman,
1997, 2005). Cooperation between National park Fruska Gora and researchers
from Department of Biology and Ecology (University of Novi Sad) has re-
sulted in the creation of a Database of Fungi of Fruska Gora mountain, which
represents summary of findings available to the authors from previous unpub-
lished data. Therefore, the aim of this work was to present in the form of
checklist a part of this database, concerning two divisions — Myxomycota and
Ascomycota.

Slime molds, although no longer included in the kingdom Fungi but
placed inside the kingdom Protozoa, are still being studied by some mycolo-
gists as protozoan fungal analogues, reaching the number of 1165 taxa (K irk
et al., 2008). As opposed to Fungi, slime molds have phagotrophic nutrition
and somatic stages in the form of protoplasts bounded by plasma membranes,
without cell walls (Mehrotra and Aneja, 1990). Since there are only two
published works about slime molds in Serbia (Ing and Ivancevi¢, 2000;
Ivancevi¢, 2010a), we included them in this checklist, as well.

Ascomycota represent the largest group of Fungi, accounting approxi-
mately 75% of all described fungi (Taylor etal., 2012), including lichenized
forms and most of the fungi that lack evident sexual stage. In presented check-
list, only non-lichenized part of Ascomycota is given.

MATERIAL AND METHODS

Database of Fungi in Fruska Gora mountain contains a list of species re-
corded by numerous authors in two time periods: 1983-1996 and 2004-2011,
from 28 localities (Fig. 1), nine of which (number 3, 7, 8, 13, 15, 16, 24, 25, 28)
covers the areas with the first degree of protected regime in the National park.
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The first period of investigation comprised data gathered from private lists
with the courtesy of legators, while records made in the second investigation
period were confirmed by mycological group of Department of Biology and
Ecology in Novi Sad. Determination was conducted on the basis of morpho-
logical and anatomical characteristics of the fruiting bodies, microscopic char-
acteristics of spores and other relevant structures (Olympus BX51, Japan) and
the specific chemical reactions. Literature of Department’s Library, on-line books,
keys (D enis, 1986), and specialized mycological sites were consulted during
determination and systematic representation. Some of the photos made during
fieldwork are available on the website by DagiSa Savi¢: http:/www.naturefg.com/.
In the presented checklist, names of legators were abbreviated (full names in
Results), while localities were marked with numbers and presented on map
(Fig. 1). Taxa determined to the level of genus were also included. Each species
in the checklist was placed within relevant higher ranks (phylum, class, order,
and family) and presented with the following data: year of finding, locality,
and collector (legator). Classification and nomenclature was done in accord-
ance with Species 2000 & ITIS Catalogue of Life: 2011 Annual Checklist
(Bisby etal., 2011) and Index Fungorum (K irk, 2012).

Fig. 1. — Map of Fruska Gora mountain with localities of fungal recording:

1. Andrevlje, 2. Beocin, 3. Brankovac, 4. Bukovac, 5. Crveni ¢ot, 6. Dumbovo, 7. Glavica, 8.
Grgeteg, 9. Hopovo, 10. Iriski venac, 11. Iriski venac — predajnik, 12. Kamenicki park, 13.
Kraljeve stolice, 14. Ledinci, 15. Letenka, 16. Papratski do, 17. Paragovo, 18. Pavlovci, 19. Petro-
varadinski rit, 20. Popov ¢ot, 21. Popovica, 22. Rakovac, 23. Sr. Kamenica, 24. Strazilovo, 25.
Veliki Gradac, 26. Vorovo, 27. Vrdnik, 28. Zmajevac

RESULTS

Part of the database presented in this work contains 2 phyla (Myxomy-
cota and Ascomycota) with 9 classes, 17 orders, 36 families, 78 genera, and 118
species (Tab. 1).

Twenty-three species in the checklist belonged to the phylum Myxomy-
cota/Mycetozoa. They were distributed in 2 classes (Protosteliomycetes,
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Tab. 1. — Number of taxa (Myxomycota and Ascomycota) recorded on the Fruska Gora Mountain

Phyla Class Order Family Genus Species
Myxomycota 2 5 7 15 23
Ascomycota 6 12 (+ 1¥) incert) 29 (+3%) 63 95

Total 8 17 36 78 118

* .
Incertae sedis

Myxomycetes), 5 orders (Protosteliales, Liceales, Physarales, Stemonitales,
Trichiales), 7 families (Ceratiomyxaceae, Reticulariaceae, Didymiaceae, Physa-
raceae, Stemonitidaceae, Arcyriaceae, Trichiaceae), and 15 genera. Class Pro-
tosteliomycetes had only one family — Ceratiomyxaceae, with one species
Ceratiomyxa fruticulosa. The largest order of Myxomycetes was Trichiales,
with 9 species. Dominant families were Stemonitidaceae and Trichiaceae.
Lycogala epidendrum was the most abundant species, with 13 records.

In the phylum Ascomycota, 95 non-lichenized species were recorded,
belonging to 6 classes (Dothideomycetes, Pezizomycetes, Leotiomycetes, Or-
biliomycetes, Sordariomycetes, Taphrinomycetes), 12 orders, 29 families, and
63 genera. The most represented classes were Leotiomycetes (32 species) and
Pezizomycetes (31 species), with Pezizales being the most represented order.
Dominant families in the phylum Ascomycota were Erysiphaceae (11), Xylar-
iaceae (9), Pyronemataceae (7), Morchelaceae (7), and Helotiaceae (6). The
most abundant species were Xylaria polymorpha (17 records), Xylaria hypox-
ylon (14 records), and Sarcoscypha coccinea (14 records).

LIST OF LEGATORS/COLLECTORS

SD — Savi¢ Dragisa, JM/KM — Jari¢/Karaman Maja, MM — Matavulj Milan,
RD — Radnovi¢ Dragan, RP — RadiSi¢ Predrag, TA — Tepav¢evi¢ Andrea, MM
& MA — Maksimovi¢ M. & Mihajlovi¢ A, KI —Kadar Irenka, SA — Sopka Ana,
VD — Vranjes D, KK — Kujundzi¢ Kristina

CHECKLIST OF SPECIES

MYXOMYCOTA
PROTOSTELIOMYCETES
Protosteliales
Ceratiomyxaceae
1. Ceratiomyxa fruticulosa (O. F. Mill.) T. Macbr. — 17 (RD, 1995)
MYXOMYCETES
Liceales
Reticulariaceae
2. Dictydiaethalium plumbeum (Schumach.) Rostaf. ex Lister — 16 (SD, 2007)
3. Lycogala epidendrum (J. C. Buxb. ex L.) Fr. — 3 (RD, 1996), 6 (SD, 2004),
7 (MM & MA, 1996. x2), 10 (K1, 1989), 24 (JM, 1996; IM & SA, 1996), 16
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(MM & JM, 1996), 17 (TA, 1993; TA, 1995; SD, 2002), 21 (RD & MM,
1995. x2)
4. Lycogala flavofuscum (Ehrenb.) Rostaf. — 28 (JM, 1996)
5. Reticularia lycoperdon Bull. — 16 (SD, 2007)
Physarales
Didymiaceae
6. Didymium sp. — 23 (SD, 2007)
Physaraceae
7. Physarum sp. — 26 (SD, 2007)
8. Fuligo septica (L.) F. H. Wigg. — 7 (RD, 1995), 17 (TA, 1994)
Stemonitales
Stemonitidaceae
9. Comatricha laxa Rost. — 11 (RD, 1996)
10. Comatricha nigra (Pers.) J. Schrét. — 17 (RD, 2007)
11. Lamproderma sp. — 22 (SD, 2008)
12. Stemonitis axifera (Bull.) T. Macbr — 7 (RD, 1995), 16 (SD, 2007)
13. Stemonitis fusca Roth — 7 (MM & MM, 1996)
14. Stemonitis herbatica Peck — 11 (RD, 1996)
Trichiales
Arcyriaceae
15. Arcyria cinerea (Bull.) Pers. — 10 (SD, 2008)
16. Arcyria denudata (L.) Wettst. — 6 (SD, 2008)
17. Arcyria pomiformis (Leers) Rostaf. — 10 (SD, 2007)
Trichiaceae
18. Hemitrichia sp. — 17 (SD, 2008)
19. Hemitrichia serpula (Scop.) Rostaf. — 17 (SD, 2010)
20. Metatrichia vesparium (Batsch) Nann.-Bremek. Ex G.W. Martin & Alexop.
—10 (SD, 2008)
21. Trichia botrytis (J. F. Gmel.) Pers. — 10 (SD, 2006), 17 (RD, 1995)
22. Trichia favoginea (Batsch) Pers. — 17 (SD, 2007)
23. Tubifera ferruginosa (Barsch) J. F. Gmel. — 27 (MM & MM, 1996)

ASCOMYCOTA (non-lichenized)
DOTHIDEOMYCETES
Capnodiales
Mycosphaerellaceae
24. Mycosphaerella millegrana (Cooke) J. Schrot. — 10 (SD, 2011)
25. Ramularia rubella (Bonord.) Nannf. — 24 (SD, 2011)
26. Septoria urticae Roberge ex Desm. — 24 (SD, 2011)
Incertae sedis
Polystomellaceae
27. Dothidella ulmi (C.-J. Duval) G. Winter — 23 (SD, 2011)
Incertae sedis
28. Catinella olivacea (Batsch.) Boud. — 4 (SD, 2008)
Pleosporales
Montagnulaceae
29. Microsphaeropsis hellebori (Cooke & Massee) Aa— 1 (SD, 2011)
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Pleosporaceae
30. Alternaria alternata (Fr.) Keissl. — 18 (SD, 2011)

PEZIZOMYCETES

42

Pezizales

Discinaceae
31. Gyromitra esculenta (Pers.) Fr. — 17 (RP, 1984)
32. Gyromitra infula (Schaeff.) Quél. — 15 (SD, 2004)
Helvellaceae
33. Helvella acetabulum (L.) Quél. — 4 (SD, 2004), 7 (MM & MA, 1996. 2x)
34. Helvella crispa (Scop.) Fr. — 7 (MM & MA, 1996. 2x), 14 (SD, 2002; SD,
2005), 17 (TA, 1994; RP, 1996; SD, 2003), 23 (IA & RP, 1996)
35. Helvella elastica Bull. — 17 (TA, 1994; RP, 1996; SD, 2003)
36. Helvella lacunosa Afzel. — 7 (MM & MA, 1996. 2x), 23 (RP, 1996), 27

(RP, 1996)
37. Helvella monachella (Scop.) Fr. — 17 (TA, 1995)
Morchellaceae
38. Disciotis venosa (Pers.) Arnould — 10 (RP, 1990), 17 (SD, 2003), 12 (TA,
1995)

39. Mitrophora semilibera (DC.) Lév. — 24 (SD, 2004)
40. Morchella costata (Vent.) Pers. — 23 (SD, 2010)
41. Morchella crassipes (Vent.) Pers. — 4 (SD, 2006)
42. Morchella vulgaris (Pers.) Boud. — 19 (RP, 1984.; RP, 1985)
43. Ptychoverpa bohemica (Krombh.) Boud. — 21 (TA, 1994)
44. Verpa conica (O.F. Miill.) Sw. — 19 (RP, 1985)
Pezizaceae
45. Peziza badia Pers. — 7 (MM & MA, 1996), 10 (RP, 1990; K1, 1990)
46. Peziza cerea Sowerby — 21 (JM & RD, 1995)
47. Peziza echinospora P. Karst. — 10 (RP, 1990)
48. Peziza repanda Wahlenb. — 4 (SD, 2004)
49. Peziza vesiculosa Bull. — 10 (RP, 1990), 23 (RP, 1989)
Pyronemataceae
50. Aleuria aurantia (Pers.) Fuckel — 10 (SD, 2003)
51. Humaria hemisphaerica (F. H. Wigg.) Fuckel — 17 (TA, 1995; SD, 2005)
52. Otidea alutacea (Pers.) Massee — 8 (SD, 2005)
53. Otidea onotica (Pers.) Fuckel — 17 (TA, 1993; SD, 2003)
54. Scutellinia scutellata (L.) Lambotte — 6 (SD, 2002), 7 (MM & MA, 1996), 10
(K1, 1990), 15 (SD, 2005), 17 (TA, 1994; SD, 2004), 27 (MM & MA, 1996)
55. Scutellinia umbrorum (Fr.) Lambotte — 24 (JM & SA, 1996)
56. Tarzetta catinus (Holmsk.) Korf & J. K. Rogers — 24 (DM, 2001)
Sarcoscyphaceae
57. Sarcoscypha coccinea (Jacq.) Boud. — 6 (SD, 2002), 7 JM & KK, 1997),
10 (K1, 1989, 1989, 1990. x2, RP, 1996), 16 (MM & IM, 1996. x2), 17 (TA,
1993; SA & VD, 1996; SD, 2002), 21 (JM & SA, 1997), 24 (JM & SA, 1996)
Sarcosomataceae
58. Urnula craterium (Schwein.) Fr. — 26 (SD, 2007)
Tuberaceae
59. Tuber aestivum Vittad.



60. Tuber brumale Vittad.
61. Tuber melanosporum Vittad.
LEOTIOMYCETES
Erysiphales
Erysiphaceae

62. Erysiphe aquilegiae DC. (host: Ranunculus repens) — 10 (SD, 2011)

63. Erysiphe cichoracearum var. cichoracearum DC. — 23 (SD, 2011) (host:
Sonchus oleraceus), 10 (SD, 2011) (host: Sonchus arvensis), 10 (SD, 2011)
(host: Cirsium arvense)

64. Erysiphe convolvuli var. convolvuli DC. — 23 (SD, 2011) (host: Convolvulus
arvensis)

65. Erysiphe depressa (Wallr.) Schltdl. — 10 (SD, 2011) (host: Arctium lappa)

66. Erysiphe platani (Howe) U. Braun & S. Takam. — 23 (SD, 2011) (host:
Platanus occidentalis)

67. Erysiphe polygoni DC. (host: Polygonum aviculare) — 23 (SD, 2011)

68. Microsphaera berberidis (DC.) Lév. (host: Berberis thunbergii) — 23 (SD,
2011)

69. Microsphaera trifolii (Grev.) U. Braun (host: Galega officinalis) — 1 (SD,
2011)

70. Neoerysiphe galeopsidis (DC.) U. Braun — 1 (SD, 2011) (host: Glechoma
hirsuta), 1 (SD, 2011) (host: Stachys silvatica)

71. Phyllactinia guttata (Wallr.) Lév. — 23 (SD, 2011) (host: Syringa vulgaris)

72.Sawadaea bicornis (Wallr.) Homma (host: Acer platanooides) — 10 (SD,
2011)

Helotiales
Dermataceae

73. Marssonina brunnea (Ellis & Everh.) Magnus — 2 (SD, 2011)

74. Marssonina salicina Tehon — 2 (SD, 2011)

75. Mollisia cinerea (Batsch) P. Karst. — 17 (SD, 2007)

Bulgariaceae

76. Bulgaria inquinans (Pers.) Fr. — 7 (MM & MA, 1996), 17 (TA, 1994; RP,
1996), 24 (JM & SA, 1996), 26 (JM, 1996)

77. Holwaya mucida (Schulzer) Korf & Abawi — 16 (SD, 2007), 10 (SD, 2008)

Helotiaceae
78. Hymenoscyphus calyculus (Sowerby) W. Phillips — 10 (K1, 1989)
79. Hymenoscyphus fructigenus (Bull.) Gray — 14 (SD, 2005)
Hyaloscyphaceae

80. Arachnopeziza aurata Fuckel — 10 (SD, 2007)

81. Lachnellula subtilissima (Cooke) Dennis — 13 (SD, 2007)

82. Lachnum virgineum (Batsch) P. Karst. — 17 (SD, 2007), 5 (SD, 2007)

83. Pezizella alniella (Nyl.) Dennis — 17 (SD, 2009)

Incertae sedis

84. Ascocoryne cylichnium (Tul.) Korf — 6 (SD, 2008)

85. Ascocoryne sarcoides (Jacq.) J. V. Groves & D. E. Wilson — 10 (KI, 1989),
17 (SD, 2002)
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86. Bisporella citrina (Batsch) Korf & S. E. Carp. — 4 (SD, 2003), 6 (SD, 2002;
SD, 2004), 10 (K1, 1990; RD, 1995), 16 (MM & M, 1996), 24 (JM & SA,
1996)
87. Chlorociboria aeruginascens (Nyl.) Kan. Ex Ram., Korf & L.R. Batra — 1
(SD, 2007. x2)
Leotiaceae
88. Leotia lubrica (Scop.) Pers. — 17 (RP, 1996), 19 (TA, 1994)
Rutstroemiaceae
89. Rutstroemia bolaris (Batsch) Rehm — 17 (SD, 2009)
90. Rutstroemia firma (Pers.) P. Karst. — 14 (SD, 2005)
Sclerotiniaceae
91. Dumontinia tuberosa (Bull.) L. M. Kohn — 10 (SD, 2007)
Rhytismatales
Rhytismataceae
92. Propolis farinosa (Pers.) Fr. — 5 (SD, 2007)
93. Rhytisma acerinum (Pers.) Fr. — 10 (SD, 2011)
ORBILIOMYCETES
Orbiliales
Orbiliaceae
94. Orbilia sp. — 17 (SD, 2007)
SORDARIOMYCETES
Coronophorales
Chaetosphaerellaceae
95. Chaetosphaerella phaeostroma (Durieu & Mont.) E. Miill. & C. Booth — 25
(SD, 2007)
Hypocreales
Clavicipitaceae
96. Claviceps purpurea (Fr.) Tul. — 24 (SD, 2008)
97. Elaphocordyceps ophioglossoides (Ehrh.) G. H. Sung, J. M. Sung & Spata-
fora — 16 (MM & JM, 1996)
98. Epichloé typhina (Pers.) Tul. & C. Tul. — 17 (SD, 2009)
Nectriaceae
99. Nectria cinnabarina (Tode) Fr. — 7 (MM & MA, 1996; JM & KK, 1996),
16 (MM & M, 1996)
100. Nectria coccinea (Pers.) Fr. — 10 (SD, 2007)
101. Nectria peziza (Tode) Fr. — 12 (SD, 2007)
Incertae sedis
102. Stilbella byssiseda (Pers.) Seifert — 21 (SD, 2008)
Xylariales
Diatrypaceae
103. Eutypella scoparia (Schwein.) Ellis & Everh. — 17 (SD, 2007)
104. Diatrype disciformis (Hoffm.) Fr. — 1 (SD, 2005), 16 (MM & JM, 1996), 28
(IM, 1996)
105. Diatrypella quercina (Pers.) Cooke — 17 (SD, 2010)
Xylariaceae
106. Biscogniauxia nummularia (Bull.) Kuntze — 7 (JM & KK, 1996), 16 (MM &
IM, 1996; SD, 2005), 21 (MM & RD, 1995; IM & SA, 1997), 28 (JM, 1996)
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107. Daldinia concentrica (Bolton) Ces. & De Not. — 6 (SD, 2002)

108. Hypoxylon fragiforme (Pers.) J. Kickx f. — 10 (KI, 1990; KI, 1990), 16 (MM
& JM, 1996), 17 (SA & VD, 1996; SD, 2002), 21 JM & SA, 1997), 28 (IM,
1996)

109. Hypoxylon howeanum Peck — 16 (SD, 2007)

110. Kretzschmaria deusta (Hoffm.) P. M. D. Martin — 10 (K1, 1990; KI, 1990;
RP, 1990), 21 (MM & RD, 1995. x2)

111. Xylaria carpophila (Pers.) Fr. — 17 (TA, 1994), 28 (JM, 1996)

112. Xylaria hypoxylon (L.) Grev. — 6 (Savi¢, D., 19.10.2004.), 10 (K1, 1989. x2,
1990. x3; RP, 1990; MM & JM, 1996), 15 (SD, 2002), 16 (MM & JM, 1996),
17 (TA, 1994; SA & VD, 1996), 21 (JM & SA, 1997), 24 (JM & SA, 1996)

113. Xylaria longipes Nitschke — 10 (K1, 1990; K1, 1990. x2), 16 (SD, 2007), 24
(IM & SA, 1996), 28 (JM, 1996)

114. Xylaria polymorpha (Pers.) Grev. — 6 (SD, 2002), 7 (MM & MA, 28.06.
1996. x2), 9 (RD, 1995), 10 (RP, 1988; K1, 1989. x2; K1, 1990. x4; RD, 1995),
17 (TA, 1994; RP, 1996), 12 (JM, 1995; RP, 1988), 26 (JM, 1996)

Diaporthales
Gnomoniaceae
115. Asteroma impressum Fuckel — 24 (SD, 2011)
116. Gloeosporium carpini (Lib.) Desm. — 24 (SD, 2011)
TAPHRINOMYCETES
Taphrinales
Taphrinaceae
117. Taphrina deformans (Berk.) Tul. — 20 (SD, 2011)
118. Taphrina pruni Tul. — 10 (SD, 2011)

DISCUSSION

Species presented in this checklist were collected from 28 different lo-
calities (Fig. 1). The most thoroughly investigated localities were IriSki venac
(33 species recorded) and Paragovo (30), Paparatski do (15), Glavica (14), Stra-
zilovo (14), Sr. Kamenica (12), and Popovica (11).

List of Myxomycota known in Serbia, compiled by [Ivancevi¢ (2010),
contains 92 species collected mostly in central and southern parts of country.
Our contribution to the knowledge of Myxomycota diversity in Serbia, with
23 species listed in this paper is modest but valuable. Additional significance
lies in the fact that so far no data were published for the region of Fruska Gora.
Furthermore, two species (Stemonitis herbatica and Arcyria pomiformis) were
new in Serbia when compared to [Ivanc¢evi¢ records (2010).

The only data from surrounding countries available to us (concerning
Myxomycota) were those from Austria, Bulgaria, and Turkey (http:/www.
austria.mykodata.net; Fakirova et al, 2000; Sesli and Dencheyv,
2009). When we compared recorded Myxomycota species of Fruska Gora
with those in Austrian Fungi Database, only three were common to both lists:
Dictydiaethalium plumbeum with 15 records, Hemitrichia serpula with 76 records,
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and Tubifera ferruginosa, (syn: Stemonitis ferruginea Ehrenb) with only one
record. In the published checklist of Bulgarian side of mountain Stara planina
(Central Balkan Mountain) 18 species and 7 genera of Myxomycota were list-
ed. Like in our records, Lycogala epidendrum was the most abundant, which
is predictable since this species has cosmopolitan distribution (Stephen-
son et al., 2000). In the Turkish national fungal checklist 222 species of
Myxomycota are noted within only 41 genera. Diversity of genera of Myxo-
mycota in our checklist (15) was high when compared to the number of re-
corded species (23). Following of our data were in accordance with the Turk-
ish checklist: Ceratiomyxa fruticulosa was the only species in the class Pro-
tosteliomycetes, Lycogala epidendrum was the most abundant species, and
Stemonitidaceae was one of the dominant families. Species from our checklist
which had no records in Turkey were Dictydiaethalium plumbeum, Hemitrichia
serpula, and Tubifera ferruginosa. These species have wide distribution in
both northern and southern hemisphere (http:/data.gbif.org) hence these
records could not be explained by the regional differences.

In the Database for Fruska Gora mountain, fungi belonging to the phy-
lum Ascomycota are not as numerous as those of the phylum Basidiomycota
— 108:443 (unpublished data). It seems that representatives of this large divi-
sion of fungi are often overlooked during field investigations, due to their size
or specific interest of investigators, and therefore neglected in checklists. In ad-
dition, Bulgarian checklist has 42 Ascomycota species and 319 Basidiomycota
for the Central Balkan Mountain (Fakirova et al.,, 2000). Turkish checklist
contains 152 species of Ascomycota and 1822 species of Basidiomycota. In com-
parison with these data that relate to whole country territory, number of As-
comycota reported for the region of Fruska Gora mountain is significant. The
most abundant species were Xylaria polymorpha (17 records), Xylaria hypoxylon
(14 records), and Sarcoscypha coccinea (14 records); they are widely distributed
and dominating species in others checklists and databases (Ivanc¢evi¢, 1996;
Fakirova etal,2000;Dimitrova andGyosheva,2009;Sesli and
Denchev, 2009; http://www.austria.mykodata.net).

Among the species of Ascomycota recorded on Fruska Gora mountain,
Morchella vulgaris (morel) and Tuber aestivum (summer truffle) are on the
list of wild species protected by law in Serbia (The Regulation on designation
and protection of strictly protected and protected wild species of plants, animals
and fungi); Tuber aestivum is also on the list of wild species protected from
collecting activities, use, and trafficking (The Regulation on putting under con-
trol the use and trade of wild flora and fauna) (http://www.ekoplan.gov.rs/src/
1-2-Pravilnici-288-document.htm). Ptychoverpa bohemica (DD) and Verpa
conica (NT) are icluded in preliminary Red-list of Serbia (Ivancevi¢, 1998).

CONCLUSION

Database of Fungi in Fruska Gora Mountain includes 574 species of fungi
(Ascomycota, Basidiomycota) and fungal analogues (Myxomycota), containing
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over 2.000 records. Undoubtedly, these records represent just a part of total
diversity of fungi in Fruska Gora and it is expected that the number of species
should rise as the research continues and gets more organized. Many of the
valuable, unknown, data are in the hands of hobbyists, enthusiasts from my-
cological societies and unknown individuals who spend the most time in na-
ture and have a great passion, knowledge, and experience in field mycology.
Future work on this Database should include them as well, of course with the
guidance of professionals.

In conclusion, it should be stressed out that joint action and creation of
integrated database of fungi is the first step on the way to better understanding
of fungal distribution and population, which could result in a future protection
of these unique organisms in Serbia and surrounding countries. Natural and
semi-natural ecosystems are an indispensable basis for the conservation of
biological diversity; it provides us with important data about living organisms
that would be lost if these ecosystems were destroyed or converted to intensive
use. This work supports and advocates further investigation of fungi in our
region in the future.
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[NPEJIMMUHAPHA JIMCTA I'’bBUBA ®PYIIKE I'OPE
—PA3AEJIN MYXOMYCOTA N1 ASCOMYCOTA

Maja A. Kapaman', Munana C. HOBaKOBI/IhI Jlparuma Casuh?,
Munan H. Maragys'

'Vuusepsurer y Hosom Cany, [Tpuponno-matematuuku hakyntet, JlenapTman 3a
ouosorujy u exosorujy, Tpr docuteja Obpagosuha 2, 21 000 Hosu Cax, Cpouja
’Hammonanuu mapk ®pymuika ropa, 3majes Tpr 1, 21 208 Cpemcka Kamenuma, Cpouja

Pe3nme

Opy1ka ropa npencTaBba BakaH U3BOP NPUPOAHHUX U MONYIPUPOAHHUX LIy M-
CKHX eKocHcTeMa y ceBepHoM neny CpoOuje, a caMUM TUM U BaXKaH M3BOP CTAHUIITA
3a pa3NMyYUTe rPpyIe IJbUBa. 3a pa3iuKy oJ J0OpO OpraHn30BaHUX MpOjeKaTa HHBEH-
Tapu3alrje 1 MOHUTOPUHTA TJbUBA KOjU ce Beh ayro cripoBoje y BehHH eBPOIICKUX
3eMaJlba, MUKOJIOIIKA HCTpakuBama y CpOujH Cy joI yBEeK CIIOpaJUvHa U HEI0OBOJHHO
KOOpAMHHUCAHA O] CTpaHe MpodecHoHaTHUX MuKojora. [{nss oBor pana je 6mo na ce
MPUKYTIC U Y BUAY JINCTE MPEICTaBE CBU PEJIEBaHTHH, JI0 Cajia HE0OjaBJbEHU MOJAIH
0 IPUCYCTBY IJbHBa U3 pasaena Myxomycota u Ascomycota Ha Dpy1koj ropu. ¥ npez-
CTaBJbEHO] TUCTH Haja3e ce 23 Bpcte Myxomycota, pacropelene y okBupy 2 kiace,
5 pemoBa u 7 nopoxuna. Ilpsa kiraca (Protosteliomycetes) nmpencraBibeHa je cBera
jennoMm BpctoM — Ceratiomyxa fruticulosa (pam. Ceratiomyxaceae). Pex Trichiales je
Haj3acTymbeHUjH (9 BpcTa), a Stemonitidaceae u Trichiaceae cy JoMHHAaHTHE MTOPO-
AuLe, caka ca 1o 6 sabenexenux spera. Hajsactynsbennja Bpera je Lycogala epiden-
drum (pam. Reticulariaceae), ca 13 Hanasa. Pazneo Ascomycota je npeacraBibet ca 95
BpCTa KOje Cy cBpcTaHe y 6 kiaca, 12 penosa u 29 noponuua. Hajzactynsenuje knace
cy Leotiomycetes (ca 32 Bpcte) u Pezizomycetes (ca 31 Bpctom). HajzacTynssenuje
BpCTE OBOT paszzena cy: Xylaria polymorpha (17 nanasa), Xylaria hypoxylon (14 nanasa)
u Sarcoscypha coccinea (14 nanasa).

KJbYUHE PEYMU: Ascomycota, 6a3a moparaka, IbuBe, aucTa, Myxomycota, Opy-
IIKa ropa
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FUNGI IN THE LEGISLATION OF THE REPUBLIC
OF SERBIA

ABSTRACT: Conservation and protection of fungi have lately been considered as
extremely important elements of the environmental conservation, and numerous environ-
mental, scientific, medical, economic, cultural, ethical, and other reasons for such attitude
exist today. This paper presents an overview of official regulations on the protection of
fungi in the Republic of Serbia from the Act of Protection of 1991 until today. The paper
lists and analyses the good and bad provisions of individual legal regulations. It registers
the effects of the adopted regulations on the actual efficiency of protection of endangered
species of fungi (macrofungi, mushrooms), and considers the impact of chronological devel-
opment of legislation on the population of fungi in nature, and presents general measures to
improve protection of mushrooms in the future. These measures primarily include reliable
information and study of fungi as a basis for their effective protection based on scientific
knowledge.

KEY WORDS: conservation, fungi, legal regulations, protection, Republic of Serbia

INTRODUCTION

The study of fungi and awareness of their unique position and ecological
role in the environment came late as compared to plants and animals, although
fungi comprise a very large and important group of organisms. It was not until
the seventies of the twentieth century that it was finally accepted that they repre-
sented a separate group of organisms, taxonomically set aside in a separate King-
dom, and that they were substantially different from the plants with which they
were usually grouped, as well as from the animals.

The ability to decompose dead organic matter and form symbiotic rela-
tions with a large number of vascular plants and parasitic species are domi-
nant features of fungi that enable them to survive and to participate in their
environment forming terrestrial ecosystems. Estimates indicate that between

* Corresponding author: e-mail: milan.matavulj@dbe.uns.ac.rs
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no less than 85% species (Kirk et al., 2001) and as many as 95% (Brun -
drett, 1991) plant species form mycorrhiza with fungi. In the process of
matter cycle, fungi are the dominant group capable of decomposing lignin and
cellulose from plant residues, allowing the recycling of plant material and its
re-usage in the biocenosis. Without the fungi in the forest, the masses of fallen
leaves and dry branches would bury trees to the crowns in a relatively short
time, and life would become impossible.

The notion that fungi were threatened, just as many other organisms on
our planet, and that there was a risk of reduction of their numbers and disap-
pearance of some of their species came late. It was only in the second half of
the last century, during the 70-ies, that a trend of decrease in their numbers or
even disappearance of some fungi species was noticed and reported, especially
those related to complex and well-preserved ecosystems (Jansen &t awry-
nowicz, 1991). Also observed at the time was a decrease in the number of
species that were collected for food from nature. In the late eighties, after nu-
merous reports of threats, international initiatives were launched to preserve
mushrooms and subsequently the European Council for Conservation of Fun-
gi — ECCF was formed. At that time, there already existed fully-fledged or-
ganizations and movements for protection of animal and plant species.

Generally, it is considered that the main reasons for categorization of
mushrooms into the group of threatened organisms are the disappearance and
contamination of their habitats, primarily due to human activities, such as
pollution of the atmosphere, industrialized agriculture, unfavorable forestry
practice, and anthropogenic alterations of large areas. All those issues lead to
the degradation of fungal habitats. In addition, it is believed that uncontrolled
and excessive commercial mass collecting of edible wild mushrooms in the
limited space has long-term negative effects.

After substantial knowledge of vulnerability of macromycetes was col-
lected, fungi slowly began to be incorporated into the programs of nature
protection in the last decade of the twentieth century. A framework of actions
that will address their conservation was becoming more and more formal and
was recognized by some states to a greater or lesser extent. The need to intro-
duce some kind of control because of massive collecting of edible mushrooms
was also recognized in the Republic of Serbia around that time. The first regula-
tions formally treating the collecting and trading of edible mushrooms in the
territory of Serbia were adopted, attempting to regulate issues in this field.
This was not conservation of fungi in the full sense of the word and it did not
include what is now primarily considered as conservation and protection, re-
lating essentially to the rare and threatened species that are vulnerable to a
greater extent. Instead, this protection related to the commercial edible spe-
cies that are usually very numerous. Nevertheless, the state administration
recognized the need to establish some limitations on exploitation of at least a
part of the population of mushrooms.

Because the preservation of fungi is an extremely important field, and there
are numerous environmental, scientific, health, economic and other reasons that
support this view, this paper presents an overview of legal provisions, especially
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those regarding the protection of fungi (macromycetes) in nature. The main
objective of this paper is a chronological review of regulations on the protec-
tion of fungi and the examination of the effects of enacted regulations on the
population of mushrooms and improving their conservation in the future.

Other regulations which deal with macromycetes very indirectly, such as
laws on forestry, national parks and similar, which govern nature conservation
in general, but do not explicitly mention mushrooms, have not been considered.
Neither was considered the laws governing other fields related to fungi, such as
regulations in food industry related to mushrooms, regulations on the protection
of materials, medical or pharmaceutical and related aspects, and similar.

RESEARCH ON FUNGI AS A BASIS OF THEIR
PROTECTION IN SERBIA

The vital requirement for the preservation of fungi or any other organisms
is the awareness of the existing problems, their thorough study, updated and
satisfactory taxonomic inventories, and ecological and chorological research.
Although mycological research data were collected for about a century in the
Republic of Serbia, it was done randomly and non-systematically, as a result of
individual enthusiasm rather than a result of systematically conducted researches
and these data were not sufficient for making well-grounded decisions and reg-
ulations on the protection and preservation of mushrooms (Ivanc¢evic, 1995).

Adequate protection of fungi can be established only when solid and reli-
able data are available, collected through systematic and long-term scientific
studies. It is therefore necessary to make substantial investment in prior fun-
damental mycological research. Another necessary requirement for determin-
ing the state of endangered fungi is monitoring, specifically, monitoring of
population size, their abundance, diversity, and distribution over a continued
long period, using standardized methodology. Based on all data collected, a
Red List of threatened fungi can be formed, preferably by using the generally
accepted TUCN classification (IUCN, 2001). On the other hand, it is not wise
to put off protective measures until such time as the optimum level of knowl-
edge of mushrooms is reached (Ivanc¢evic¢, 2001). Rather, general feasible
measures ought to be taken based on general knowledge and experience from
similar territories, relying on a greater experience and more researches
(Matavulj etal, 1998; Matavulj and Karaman, 2004).

Although the first data for a Red List of threatened mushrooms were
published long ago (Ivan¢evic, 1993) and the first preliminary Red List of
Serbian fungi was published by the end of the last century (Ivancevig,
1998), the opportunity to obtain for the Red List the status of an official, scien-
tifically verified document that could be a basis for establishment and imple-
mentation of appropriate measures to preserve and protect fungi, has not been
used in Serbia. In addition, a list of macromycetes was published that have the
status of globally significant species in the territory of Serbia. The Serbian state
has a special responsibility for these species, even though they are not endan-
gered to a significant degree in the territory of Serbia (Ivancevi¢, 1995).
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MATERIAL AND METHODS

For the overview of legal regulations on the protection of fungi in the

Republic of Serbia, the legal provisions of the Republic of Serbia (laws and
other regulations) relating to environmental protection were used:

54

3axon o 3awinuiuu tipupoode. Cnyscoenu eracnux Coyujanuciuuixe Pe-
ityonuxe Cpouje op. 29, 1988; [ Nature Conservation Law, 1988]

Oonyka o ciiassarsy o0 3aWuity OUBLHUX 8PCIUA KAO UPUPOOHUX
peuurociuu. Cnyocoenu 2nachux Coyujaruciuuuxe Peityonuxe Cpouje 11,
17. 03. 1990; [Decision on putting plant species under protection as natu-
ral rarities, 1990]

Oonyka o usmenama u 00UyHama o0nyKe O CUA8/bAlbY U00 3aUlTUUILY
oumHUX 8pciua kao upupoorux peiurkoctuu. Cnyacoenu cracuux CPC 49,
15. 08. 1991; [ Decision on amending the decision on putting plant species
under protection as natural rarities, 1991]

3akon o 3awinuitu sxcusoiune cpeoune. Cuyscoenu cnacnux Peityonuxe
Cpouje 66/1991, 83/1992, 53/1993, 67/1993, 48/1994 u 53/1995; [Environ-
mental Protection Law, 1991]

Ypeoba o sawinuiuu ipupoonux pewixociuu, Cnyscoenu cnacuux Peiiy-
onuke Cpouje 50, 09. 07. 1993; [Regulation on the Protection of Natural
Rarities, 1993]

Hapeoba o koniuponu kopuwheroa u ipomeina oussux OULHUX U HCUBO-
wurpckux epciua. Cnyoscoenu cnacrux Peityonuxe Cpouje 50, 09. 07. 1993.
u 36/1994; [ Directive on control of use and trade of wild plant and animal
species, 1993]

Hapeoba o ciuasmarsy 1100 koHpony kopuwihera u ipomeiia OUs/buUx
OusmHUX U dicusotuurbckux epcia. Cnyacoenu cnacnux Peityonuxe Cpouje
16, 05. 04. 1996. u 44/1996, [Directive on control of use and trade of wild
plant and animal species, 1996]

Hapeoba o ciuasmarsy 1100 koHpony kopuwihera u iupomeia OUs/buUx
OusmHUX U dicugotuurbckux epcia. Cnyacoenu cnacnux Peityonuxe Cpouje
17, 07. 04. 1999; [Directive on control of use and trade of wild plant and
animal species, 1999]

3axon o 3awiuuiuu sHcueoiine cpeoune. Cuyocoenu enacnuk Peityonuxe
Cpouje 135/2004 u 36/2009; [ Environmental Protection Law, 2004 — Ac-
tual]

Ypeoba o ciuasmwarvy oo koniupony kopuwhersa u ipomeita ousswve ¢huo-
pe u gpayne. Cnyacoenu cracnux Peityonuxe Cpouje 31/2005, 45/2005-uciup.,
22/2007, 38/2008, 9/2010; [Regulation on putting the use and trade of
wildlife under control, 2005 — Actual]

Convention on the Conservation of European Wildlife and Natural
Habitats — the Bern Convention (Republic of Serbia has signed and rati-
fied this convention on 9 January 2008 and it began to be implemented
from May 1 2008)



- 3akon o 3awiuiiu upupode. Cnyacoenu cnacnux Peiryoruxe Cpouje 36,
12.05.2009. i 88/2010; [Nature Conservation Law, 2009 — Actual]

- Ipasunnux o tpozrawersy u 3auiiuuiiy Ciupoo 3auiuulieHux u 3auiuu-
henux ousmux epcita bumara, sxcusomiurba u 2ouea. Ciyxicoenu ZiacHux
Peityonuxe Cpouje 5, 05. 02. 2010, [Regulation on the proclamation and
protection of strictly protected and protected wild species of plants, ani-
mals and fungi, 2010 — Actual]

RESULTS AND DISCUSSION

LEGISLATIVE AND REGULATIVE ANALYSIS

Under the amendments to the Decision on putting plant species under
protection as natural rarities (1990) based on Nature Conservation Law (1988),
the following mushrooms have been listed as protected species since 1991:
Boletus edulis, Pleurotus ostreatus, Cantharellus cibarius, all species of gen-
era: Morchella, Agaricus, and Lactarius.

Environmental Protection Law (1991) does not include fungi. Further-
more, Regulation on the Protection of Natural Rarities (1993) does not include
fungi, too.

Directive on control of use and trade of wild plant and animal species
(1993) — mushroom species placed under control (protected): all species of
Morchella and Lactarius genera, all edible species of the genus Agaricus,
Cantharellus cibarius, Craterellus cornucopioides, Boletus edulis, Amanita
caesarea, Pleurotus ostreatus, Bovista nigrescens and Bovista plumbea.

Directive on control of use and trade of wild plant and animal species
(1996) — mushroom species placed under control (protected): all species of
Morchella and Lactarius genera, all edible species of the genus Agaricus,
Cantharellus cibarius, Craterellus cornucopioides, Boletus edulis, Amanita
caesarea, Pleurotus ostreatus, Bovista nigrescens and Bovista plumbea.

Directive on control of use and trade of wild plant and animal species
(1999) — the species of mushrooms placed under control (protected): Agaricus
spp., Boletus aereus, Boletus aestivalis, Boletus edulis, Boletus pinophilus,
Bovista nigrescens, Bovista plumbea, Cantharellus cibarius, Craterellus cor-
nucopioides, Lactarius deliciosus, Lactarius deterrimus, Lactarius salmoni-
color, Lactarius sanguifluus, Lactarius semisanguifluus, Marasmius oreades
and Pleurotus ostreatus.

Environmental Protection Law (2004) and Regulation on putting the use
and trade of wildlife under control (2005) — Under the latest amendments to
this Regulation from 2010, the following species of mushrooms are protected
by being placed under control: Boletus aerreus, Boletus reticulatus, Boletus
edulis, Boletus pinophilus, Cantharellus cibarius, Craterelluss cornucopio-
ides, Lactarius deliciosus, Lactarius deterrimus, Lactarius salmonicolor,
Lactarius sanguiifluus, Lactarius semisanguifuus, Marasmius oreades, Tuber
magnatum and Tuber aestivum.
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Nature Conservation Law (2009) and Regulation on the proclamation and
protection of strictly protected and protected wild species of plants, animals
and fungi (2010) — list of strictly protected and protected fungal species:

Strictly protected fungal species:

Albatrellus ovinus
Amanita vittadinii
Battarrea phalloides
Boletus dupainii
Boletus impolitus
Boletus regius
Boletus rhodoxanthus
Boletus satanas
Catathelasma imperiale
Entoloma bloxamii
Fomitopsis rosea
Geastrum fornicatum

Geastrum schmidelii
Hapalopilus croceus
Hericium alpestre
Hericium cirrhatum
Hericium coralloides
Hericium erinaceus
Hygrocybe calyptriformis
Hygrocybe coccineocrenata
Hygrocybe punicea
Hygrophorus marzuolus
Leccinellum crocipodium
Leucopaxillus giganteus

Geastrum melanocephalum Mutinus canninus

Protected fungal species:

Amanita caesarea
Boletus aereus

Boletus edulis

Boletus pinophilus
Boletus reticulatus
Cantharellus amethysteus
Cantharellus cibarius
Cantharellus cinereus
Cantharellus friesii

Craterellus cornucopioides
Hydnum repandum
Hygrophorus russula
Lactarius deliciosus
Lactarius deterrimus
Lactarius salmonicolor
Lactarius sanguifluus
Lactarius semisanguifluus
Marasmius oreades

Myriostoma coliforme
Panaeolus semiovatus
Phallus hadriani
Phylloporus rhodoxanthus
Podoscypha multizonata
Polyporus umbellatus
Psilocybe serbica
Pycnoporellus alboluteus
Rhodotus palmatus
Sarcosphaera coronaria
Scutiger pes-caprae
Strobilomyces strobilaceus

Morchella elata
Morchella esculenta
Morchella vulgaris
Russula cyanoxantha
Russula virescens
Tuber aestivum
Tuber macrosporum
Tuber magnatum

A review of the existing regulations may provide an insight into a few basic

trends that have determined the approach to protection of fungi in Serbia. On
one hand, the need to protect certain species of mushrooms was recognized in
Serbia relatively early, already in the late eighties of the twentieth century.
The rapid growth of interest in edible wild mushrooms led at that time to a
significant increase of economic investments and financial flows related to the
activities of organized collecting and purchase of wild mushrooms. For a while,
the then Yugoslavia was the world’s largest exporter of bolete mushrooms, a
large share of which was collected in the territory of Serbia. There was a le-
gitimate concern that the uncontrolled collecting of mushrooms in large quan-
tities may lead to a decrease in their number and to their vulnerability.

On the other hand, the interest of the state administration was to place
collecting of wild mushrooms under control in order to raise funds from the
trade of wild mushrooms. Although there were expert draft proposals relating
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primarily to fungi protection, that included, among other things, limiting the
allowable amount that an individual can collect daily, mushroom pickers li-
censing, supervision of the amount of collected carpophores (fruiting bodies) and
other measures that would enable monitoring of populations of macrofungi and
their effective protection, they were not included in the adopted legislations.
When they were eventually included, it was in a modified form or without
tools that could enable control of their application. The role of the adopted meas-
ures was primarily to ensure a regular payment of taxes for the mushroom
wholesale trade, and initially, to provide more favorable conditions of mush-
room wholesale to the companies from Serbia by limiting administratively the
maximum purchase price for the collected mushrooms. Thus the companies
outside of Serbia were no longer able to offer a higher purchase price and thus
obtain priority in wholesale. Allegedly, the low purchase price was supposed
to make the picking of wild mushrooms unprofitable, and thus protect them
from over-exploitation. Despite the early expressed concern for the protection
of fungi, the precautionary protection measures turned out to be ineffective.

Based on the Nature Conservation Law from 1988, certain species of fungi
were for the first time placed under protection in 1991, as “natural rarities
threatened by exploitation and trade”, under the Decision on amending the
decision on putting plant species under protection as natural rarities (1991). In
addition to a completely inadequate formulation of “natural rarities,” compris-
ing the species that were collected on a large scale for commercial purposes,
mushrooms were considered as a plant species. The taxonomic nomenclature of
these mushroom species contained grave mistakes. The regulation provided for
two measures of fungi protection, including a ban on collecting young and under-
developed fruiting bodies and a ban of harvesting more than 90% of a “total
number” in the area of picking. In addition, it stipulated that mushroom collecting
should not be performed at the waste dumping sites and near traffic junctions,
which was supposed to protect the users of the collected mushrooms.

Measures aimed at control of mushroom collecting included an approval
issued by the Serbian Institute for Environmental Protection subject to pay-
ment of an appropriate tax, and the obligation on part of the purchaser of wild
mushrooms (legal or natural person) to submit data on purchased quantities of
mushrooms to the Institute. Optionally, Article 4 of the Decision envisaged,
in respect of the fungi listed as natural rarities, that “a program of protection
and development will be adopted which will establish conditions for complete
information and popularization of the protected natural rarities.” It was not
envisaged how to implement the control of two proposed measures of fungal
protection, and expert proposals that involved additional measures of protec-
tion were not included in the regulations. However, even this flawed document
was useful in terms of raising general awareness that mushrooms have the
importance and place in the living world and that we cannot use them as an
inexhaustible natural source without any restrictions.

After the Nature Conservation Law (1988), the Government of the Re-
public of Serbia adopted the Environmental Protection Law in 1991. This Law
governed the protection of threatened plant and animal species that were still
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designated as “natural rarities,” which was an inadequate definition largely
criticized by environmentalists and scientists who were experts on endangered
species. Based on this Law from 1991, the Regulation on the Protection of Natural
Rarities (1993) was adopted, but, unfortunately, the endangered species of fungi
were not included, and their protection was omitted, although at that time there
already existed data on the species of fungi that were endangered in Serbia
(Ivancevig, 1993).

Mushrooms were still perceived in our public as a less important part of
the plant kingdom and their unique and important role in nature was not under-
stood. Based on Environmental Protection Law (1991), only the Directive on
control of use and trade of wild plant and animal species (1993) was adopted,
which included commercial species and largely reiterated the provisions of the
previous Decisions on control of trade from 1991, perhaps otherwise phrased.
Thus instead of the earlier ban on harvesting more than 90% of the existing
specimens, the Directive provided that 10% of existing fruiting bodies was
not allowed to be collected. The only novelty was Article 7, providing that the
collecting may not be done in the same area every year and that a period of at
least one year had to elapse before collecting may be resumed in the same
area. However, the implementation of that provision was not mandatory if it
was estimated that there was no need for such a measure. Unfortunately, there
were no criteria and instruments for objective assessment. The list of included
species was somewhat extended due to the interest to enable commercial col-
lecting of species not covered by the previous Decision. Some of the errors in
the nomenclature of these species were fixed but some still existed, which
indicated a lack of cooperation of legislators and experts mycologists.

New Directive on control of use and trade of wild plant and animal spe-
cies from 1996 brought nothing new and reiterated the earlier positions. The term
“individual mushrooms” (in Serbian ‘jedunxe Zwusa‘) was wrongly and con-
sistently replaced by the term “identical mushrooms” (in Serbian ‘jeonaxe wuse™)
in several places, so Article 5. became confusing and meaningless. The provi-
sion about leaving a number of fruiting bodies in nature no longer specified the
exact amount.

That was the time of the biggest disparity between the inadequate legal
protection and the enormous pressure on nature and mushroom habitats, which
became seriously endangered due to mass collecting of commercial species and
numerous negative or indirect consequences of such collecting, including per-
manent removal of mushroom fruiting bodies from certain areas, soil compact-
ing, intentional destruction of all other mushroom species, littering and pollution
of the environment (Ivanc¢evi¢, 1998b). The trade control included only
fresh mushrooms while dried and processed mushrooms were not controlled
and were exported to the Western markets in large quantities. Young immature
specimens of bolete mushrooms, whose collecting was formally forbidden, were
exported in brine. Table 1 shows quantities of some of the species that were
traded in that period, based on the data from the Ministry for the environment.

Due to the alarming situation with the protection of fungi in Serbia, which
was similar to that in some other countries of Southeast Europe, the European
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Council for the Conservation of the Fungi expressed its concern at the meet-
ing in 1997 in Vipiteno, Italy, and it was scheduled to hold an international
scientific symposium ECCF at Tara Mountain in Serbia on 22-27 September
1998, with the participation of experts from Serbia. This meeting was can-
celled at the last minute because of concerns of some participants because of
the armed conflict in Kosovo, which escalated in that time. After the 1999
war, and the turbulent social upheaval that followed, ECCF offered an official
advisory support to the Government of the Republic of Serbia in 2001, through
the Directorate for Environmental Protection of the then Ministry of Health
and the Environment (Anders Bohlin in lit.), but that offer was not accepted.

Tab. 1. — The quantities of mushrooms collected in the Republic of Serbia during 1993-1997

The quantities of mushrooms purchased (in kg)
Year Boletus Cantha- | Craterel- Morchel- | Lactar- | Amanita
edulis {felluls fus cornu- -, Spp. | ius spp. | caesarea

cibarius | copioides

Requested 9769 200| 5778 300 ?| 963570 115 000 0
1993 | Allowed 5186 100| 2 605 500 ?1 36610 63000 0
Requested 15688 600| 6545700 167500 127900| 82000 17000
1994 | Allowed 1212981 631004 18 800 1800 40000 0
A priori 4500 000| 2 000 000 ? ?| 60000 0
1995 | Approval issued for| 3792 036| 1502027| 119200 2520 0 0
A priori. 5000000| 3000000| 100000| 15000100000 100000
1996 | Approval issued for | 3 948 682| 1192950 65 550 1130 60000 5000
1997 | A priori 5000000| 1500000 100000 2000|300 000 5000

Legend: In 1993 and 1994, buyers applied for amounts of mushrooms for purchase (“Requested”)
and based on such applications they were allowed the maximum amount they could purchase from
individual collectors (“Allowed”). The allowed amounts were determined based on the assessment
after all applications were submitted. From 1995 onward, a competition was opened for the max-
imum amount of mushrooms that can be collected that year, determined in advance, at the very
beginning of that year (“A priori”). The total amount that buyers were actually requesting was cal-
culated at the end of the year (“Approval issued for”). Buyers were paying for the license for pur-
chase regardless of whether or not they collected the requested amount of fungi. ? = Missing data.

In the meantime, because of many signals pointing to a bad situation of
endangered mushrooms, in late 1998 in Serbia started work on new docu-
ments that were supposed to provide adequate protection for the commercial
species of mushrooms, as well as for other species of fungi that were endan-
gered. Therefore, some edible species that were relatively rare were planned
to be included in the list of the endangered fungi, which, however, could be
collected commercially, subject to a prior estimate and evaluation. As result,
Directive on control of use and trade of wild plant and animal species (1999)
was issued during the war and the devastating bombardments of Serbia by the
NATO. That was the first document to list fungi separately from the plants.
The nomenclature of species’ names was corrected. Finally, some provisions
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on how to protect endangered species were included in the text — the way of
picking, keeping accurate records of the amounts of collected mushrooms.
Unfortunately, it was not done in the form proposed by the consulted mycolo-
gists, thus Article 8 prescribed that the “...fruiting bodies should be collected in
the container that allows ventilation for dissemination of the spores.” Proper
packaging serves for conserving the quality of harvested mushrooms, and dis-
semination of spores during transport is a phenomenon that, in our opinion,

does not affect the protection of mushrooms'.

This provision was copied from the regulations of the countries in the
region that were published at that time (P ir man, 1994), probably due to a
lack of understanding of foreign experience on part of the lawgivers. Further-
more, the form of the approved quantities of wild mushrooms that were al-
lowed to be collected was specified for the first time, i.e. whether they were
fresh or dried mushrooms (weight ratio 10:1). The reports on the collected
amounts were required for the first time to indicate the site where the mush-
rooms were picked and to keep track of collected quantities of protected spe-
cies for monitoring purposes. Consequently, this regulation finally brought
some positive changes, though not all that was needed. (Earlier, the purchaser
had to provide general information on the amounts collected and sold). Pick-
ing more than 66% (two thirds) fruiting bodies in the area of collecting was
prohibited. Members of the genus Morchella were no longer among the pro-
tected species, since they were intended to be covered by other regulations on
endangered species. However, the state of war and subsequent social changes
delayed the adoption of such regulations for a decade.

The actual Environmental Protection Law was adopted in 2004 and based
on this Law a new Regulation on putting the use and trade of wildlife under
control (2005) was passed. Positive innovations in this Regulation included the
provisions on the procedures for collecting hypogeal species of mushrooms,
as well as inclusion of two species of genus Tuber in the list of protected
mushrooms. This Regulation without significant alterations applies even to-
day. The unnecessary provision on packaging related to ventilation to enable
spore dissemination still exists in the text, which shows how difficult it is for
mycologists to exert influence on lawmakers.

The actual Nature Conservation Law, (2009), the first since 1988, was
adopted in 2009. This Law introduced many new solutions, because of the
desire to be aligned with the EU regulations. Article 59 defined which parts
of that law, currently inactive, would begin to apply upon the accession of the
Republic of Serbia to the European Union. Mushrooms were listed as a sepa-
rate group of organisms, different from and on a par with plants and animals.
Under Article 27, protected natural goods also included protected species,
which could have the status of a protected or a strictly protected species. Pro-
tection measures for strictly protected species finally allowed inclusion of rare
and endangered species of wild mushrooms, in addition to the commercial

* Packaging that allows dissemination of spores was referred to in the first version of Slovenian
regulation on protection of wild mushrooms from 1994 (Uradhni list RS 38/94) but was excluded
from the text in the next version of 1998 (Uradni list RS 57/98).
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species. A large number of Articles of the Law provided for the protection of
species’ habitats, as the necessary requirement of protection of the very spe-
cies. This allowed introduction of new, more effective conservation measures.
Regulation on the proclamation and protection of strictly protected and pro-
tected wild species of plants, animals and fungi (2010) was published in ac-
cordance with this Law. The list contained 38 strictly protected fungi and 26
protected fungal species. It was not ensured, in accordance with the Law, that the
lists of protected species should be formed based on the Red List, or well-docu-
mented studies, instead, the species were defined arbitrarily, in a very short
time, which later resulted in problems and criticism of experts for certain
groups of organisms.

The Nature Conservation Law (2009) provided for the protection and
preservation of nature, previously was governed by the still applicable Envi-
ronmental Protection Law (2004). Therefore, with regard to wild mushrooms,
this led to parallelisms and inconsistencies. The Regulation on the Control of
Trade (2005) has a “senior” position and originates from an earlier period
than the Regulation on Protected Species (2010), and provisions of these regu-
lations do not refer one document to the other. The Environmental Protection
Law (2004), which was used for preparing the Regulation on putting the use
and trade of wildlife under control (2005), does not recognize the new Nature
Conservation Law (2009) as it was accepted much earlier. The Nature Con-
servation Law (2009) does not include ordinances from the Regulation on
putting the use and trade of wildlife under control (2005) which was prepared
according to the older Environmental Protection Law (2004), so one subset of
species protection is regulated according to the old Environmental Protection
Law (2004) and another by the new Nature Conservation Law (2009). In this
way both laws are broken by the same activity but the supervising inspection
services are not having any evidence. The nomenclature of scientific names in
these two laws is different, as well as some of the vernacular names used for
the same species in the simultaneously applicable regulations prepared ac-
cording to these different laws.

In addition to domestic legislation, there are obligations originating from
the international conventions signed by Serbia that have obligatory character.
The Bern Convention, which protects the flora, fauna and habitats of species
in Europe, came into force in Serbia in mid 2008. Mushrooms have not yet
been officially included in the lists of species covered by the Bern Convention,
primarily for administrative and political reasons, and their protection under
the provisions of the Bern Convention is not mandatory in Serbia. The list of
fungal species that have been proposed for inclusion in the Bern Convention is
now in the form of an official proposal confirmed by the Standing Committee
of the Bern Convention. On this basis, the Council of Europe adopted a Rec-
ommendation on the conservation of wild mushrooms in Europe whose imple-
mentation by signatory countries is desirable (Recommendation 132; 2007).

The Recommendation invited the countries to define management and
maintenance of habitats as a priority with the aim of protecting the European
species of mushrooms; to take into account the Directive of the European
Council to protect European macromycetes and to apply it when developing and
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implementing their national policies to protect macromycetes; and to include
those who have profit from wild mushrooms in the protection mushroom hab-
itats. This presented a powerful tool for correction of national legislation, re-
lating to the protection of the wild mushrooms. Unfortunately, the public,
experts as well as competent authorities and institutions are poorly acquainted
with this Recommendation that applies to the Republic of Serbia as well. In
the first half of 2011, the Council of Europe demanded a national report on the
implementation of this recommendation, and this was the first opportunity to
analyze the contribution of and the possibilities of acting in accordance with
the Recommendation in Serbia.

A project for making a revised version of the Red List of fungi, with a
detailed evaluation of their vulnerability factors, was offered to the state au-
thorities in 2007 (Ivancevig, et al., 2007), but its implementation has not
been approved so far. Meanwhile, Article 36 of the Nature Conservation Law
(2009) provided that: “The species that are or may become endangered shall be
protected as strictly protected wildlife, or protected wildlife. The species pro-
tected under this law shall be determined on the basis of national and interna-
tional Red Lists or Red Books, professional findings and scientific knowledge.”
The same Article provided that the Red Book or Red List may be adopted
by the Ministry of Environmental Protection. Consistent application of these
legal provisions, once they are enforced, should provide a scientific basis for
protection measures and help align Serbian legislation with the legislation of
the countries that have had more developments in this field.

CONCLUSION

The first regulations on the protection of fungi in Republic of Serbia were
adopted in 1991. They were related to several edible wild species that were col-
lected for commercial purposes. The aim of adopted measures was protection
of wild mushrooms against excessive collecting and the threat that it might
bring, but in practice, they secured collecting of revenue for the state from the
use and trade in wild mushrooms. Subsequently, during the last twenty years,
new regulations were adopted several times, but only with minor changes,
while the basic purpose remained the same, and provisions that would ensure
protection based on advanced experience of other countries and on scientific
data were not incorporated in the legislation, although it was possible. The
initial positive effect of such regulations, which showed to the public the threat
to wild mushrooms, was lost over the years, and even turned into the opposite,
based on the opinion that when something was paid for (tax for collecting wild
mushrooms) then it may be fully disposed of without much regard. The effect
of the prescribed measures on wild mushroom protection was not significant
and did not prevent the removal of huge amounts of fruiting bodies from na-
ture in certain territories, accompanied with habitat disturbance and a number
of harmful side effects.

The first major changes occurred with the adoption of the Law on Nature
Protection in 2009, which finally placed under protection the rare and endan-
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gered species of fungi and their habitats, in addition to the commercial spe-
cies. Owing to the provisions of this Law, the first study was drafted with the
aim of protecting an area exactly because it was a habitat of strictly protected
species of wild mushrooms. The proposed protected area, located on Ada
Ciganlija near Belgrade, had the size of 21 ha. At the time of submission of
this paper to print, the procedure for official declaration of protection was in
the final stage. Only a formal final decision on declaration was missing, which
would make the Republic of Serbia one of the first countries in Europe to
protect a fungal habitat, in accordance with the recommendations of the Bern
Convention. Therefore, the application of these legal provisions is expected to
bring developments to the adequate protection of fungi in the Republic of
Serbia and to have a positive effect on populations of endangered species.

When the actual Nature Conservation Law (2009) and bylaws were adopted,
the existing errors and omissions were not removed, and the legal provisions
on the election and proclamation of protected species were not fully observed,
therefore it is necessary to do so in the future. Other regulations should also
be amended, especially the Law on Environmental Protection, and other regu-
lations dealing with the protection of fungi. They should also be brought in
line with one another. The evolution of legislation concerning wild mushroom
protection in Serbia has become closer to the stage when acceptable and more
effective modes of protection are being prescribed, but it took unnecessarily
too long, and changes that would allow the optimum state of affairs are yet to
be undertaken.
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I'JBUBE V 3AKOHOJABCTBY PEITIYBJIMKE CPBIJE

Bopuc H. Usanuesuh', Munan H. Marasys?, Jenena b. Bykojesuh®, Maja A. Kapaman®

' Tpuponmauku mysej, Beorpan, > IIpuponno-marematnuku daxyntet y Hopom Cany,
3 Buonomku dakynter y beorpany

Pe3nme

OuyBame 1 3alITUTA TJbUBA U3Yy3€THO Cy BajkHa 00J1acT U 3a TO I10CTOje MHOTO-
OpOjHU EKOJIOIIKH, HAyYHH, 37[PaBCTBEHHU, EKOHOMCKH, KYJITYPHH H IpyTH pa3io3u. [1pu-
Ka3aH je mperJiel] mpomnuca Koju ce 6aBe 3amTuToM TibuBa y CpOuju, modeB of akTa
samTuTe 13 1991. HaBenere cy u aHanm3upane 1o0pe u joie ogpeade nojenHa HuX
nponuca. Carnenanu cy epeKTr JOHETHX MPONKCca Ha CTBApHY €(UKACHOCT 3alITUTE
YTPOKEHHUX BPCTA IJbUBA, MPOLCHEHO je KaKaB YTHUIA] XPOHOJIOIIKH Pa3Boj 3aKOHO-
JJaBCTBa MMa Ha IOIyJaluje IJbUBa y NPUPOAH U Pa3MOTPEHE Cy OIIITE Mepe paiau
mo0oJblIIamka 3alITuTe rbiBa y Oyayhuoctu. Te Mepe mpe cBera nojapa3ymeBajy 100po
[I03HABabE U MPOYUYaBamke IJbHBA KA0 OCHOBY 3a BbUXOBY €(DUKAaCHY 3alITUTY yTeMe-
JbEHY Ha HAYYHUM Ca3HambUMa.

KJbYUHE PEUU: ribuBe, 3aK0OHCKA peryiaTHBa, 3allITUTa, O4yBambe, Pemyomika
CpOuja
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MYRTUS COMMUNIS AND EUCALYPTUS CAMALDULENSIS
CYTOTOXICITY ON BREAST CANCER CELLS

ABSTRACT: In vitro cytotoxicity of methanol, ethyl acetate, n-buthanol, and water
extracts of Myrtus communis L. and Eucalyptus camaldulensis Dehnh. was examined
against two human breast cancer cell lines (MCF 7 and MDA-MB-231) using MTT and
SRB assays. The results showed significant cytotoxic potential of examined extracts, with
IC50 values ranging from 7 to 138 ug/ml for M. communis and 3-250 pg/ml for E. camald-
ulensis. The two plants generally expressed similar activity, and no significant difference in
cell line’s sensitivity towards extracts was observed. The results indicate to M. communis
and E. camaldulensis as candidates for thorough chemical analyses for identification of ac-
tive compounds, and eventually for attention in the process of discovery of new natural
products in the control of cancer.

KEY WORDS: cytotoxicity, Eucalyptus camaldulensis Dehnh., MCF 7, MDA-MB-
231, Myrtus communis L.

INTRODUCTION

Molecules derived from natural sources, such as plants, play a dominant
role in the discovery of conventional drugs for the treatment of most human
diseases, and therefore represent a basis of modern medicine Jones et al.,
2006). A large number of plant extracts have been screened for cytotoxic ef-
fects against cancer cell lines over the last thirty years, which have resulted in
some significant drugs being introduced. In addition, it was shown that some
extracts are cytotoxic and selective, either between different cancer cell lines
or between cancer and non-cancer cell lines, and act principally by inhibiting
cell proliferation, but by different mechanisms (da Rocha etal., 2001).

* Corresponding author: E-mail: jelena.hrubik@dbe.uns.ac.rs; Phone: ++381 21 485 2675
Fax: ++381 21 450 620
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Myrtus communis L. (myrtle) and Eucalyptus camaldulensis Dehnh.,
both belonging to the Myrtaceae family, grow throughout the Mediterranean
region (Grbovi¢ etal, 2010 Mimica-Duki¢ et al, 2010). Myrtle’s
leaves and fruit are traditionally used as antiseptic, disinfectant, and hypoglyc-
emic agents (Elfellah etal., 1984). M. communis extracts have been con-
firmed to exhibit antimicrobial M ansouri, 1999; Mansouri etal., 2001;
Bugarin, 2010) and antioxidative effects (Bugarin, 2010; Tuberoso,
2010), while its essential oil showed considerable antioxidant and antimuta-
genic effects (Mimica-Duki¢ et al., 2010). It is prominent that myrtle
plants could be a promising source of natural antioxidants, anti-genotoxic,
antimutagenic and, perhaps, chemopreventive agents M imica-Duki¢ et
al., 2010). Several species of Eucalyptus are also used in traditional medicine,
and are reported as agents with analgesic, anti-inflammatory, and antimicrobial
properties (Silva etal,2003; Williams etal., 1998). Crude organic extract
of E. camaldulensis has been proven to exhibit both antimicrobial and gastro-
protective activities (Adeniyi et al.,, 2006), while its essential oil showed
antibacterial, antioxidant and antimutagenic effects (Grbovi¢ et al., 2010).
The presence of flavonoids and tannins, which are known to have antibacterial
and antifungal properties, is confirmed in organic extracts of E. globulus, which
in addition revealed antimicrobial activity (Egwaikhide etal., 2008). How-
ever, anticancer activity of both Myrtus and Eucalyptus species has been poorly
investigated, and their complete toxicity profile has yet to be determined.

In this study, the in vitro cytotoxicity of different extracts of M. communis
and E. camaldulensis was examined against MCF 7 and MDA-MB-231 human
breast cancer cell lines using MTT and SRB cytotoxicity assays.

MATERIALS AND METHODS

Plant material and preparation of extracts: Plant extracts were prepared
from dry leaves of the species Myrtle communis L. and Eucalyptus camaldu-
lensis Dehnh., collected at the Montenegro coastline (Tivat) in August 2004.
Air-dried, finely ground leaves samples were extracted by maceration with
70% methanol (8 ml per 1 g of drug) during 48h at room temperature. After
filtration, solvent was evaporated in vacuum; crude residue was dissolved in
hot distilled water and washed exhaustively with petrol ether to remove ballast
compounds (lipids and pigments). A part of washed extract was concentrated
in vacuum to dryness, and dissolved in DMSO giving final concentration of
10 mg/ml (“methanol extract”). The rest of the washed extract was partitioned
with chloroform, ethyl acetate, and n-butanol, in order to obtain chloroform,
ethyl acetate, n-butanol, and water soluble fractions. All of the fractions were
concentrated in vacuum and dissolved in DMSO (10 mg/ml).

Cell culture and treatment: Plant extracts were evaluated for their in
vitro cytotoxicity towards two human breast adenocarcinoma cell lines: MCF
7 (estrogen receptor positive) and MDA-MB-231 (estrogen receptor negative).
Cell culturing and experimental procedure were conducted as previously de-
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scribed Jevtovi¢ etal, 2010; Karaman et al., 2009). The cells were
grown in Dulbecco’s Modified Eagle’s Medium with 4.5% of glucose (DMEM,
PA A Laboratories) supplemented with 10% fetal calf serum (FCS, PAA Lab-
oratories) at 37°C in a humidified atmosphere containing 5% CO,. Cells were
seeded into 96-well microtiter plates at the density 5000 cells/0.1 ml/well to
ensure their exponential growth throughout the experimental period. After 24h,
cells were exposed in triplicates to serial of extracts’ dilutions (50-1.56 pg/ml)
dissolved in dimethyl sulfoxide (DMSO, Sigma) for 72h. The final concentra-
tion of DMSO did not exceed 0.5%, and did not cause any background re-
sponse in the bioassay. Control and cell-free blank wells were included in
each plate. Following incubation, cytotoxicity assays were conducted.

MTT test: The principle of MTT test is based on cellular reduction of the
soluble yellow MTT tetrazolium salt (3-(4,5-Dimethyl-2-thiazolyl)-2,5-diphe-
nyl-2H-tetrazolium bromide) to a blue formazan product by mitochondrial
dehydrogenases in viable cells. The intensity of the blue color formed by this
reaction is a criterion for cell viability. Following incubation with plant extracts,
the medium was removed and cells were incubated for 3h with 0.05mg/0.1ml/
well of MTT (Sigma) dissolved in serum-free DMEM. After that, the medium
was removed, formazan salts were dissolved in 0.1 ml/well of 0.04 M HCI in
isopropanol, and light absorbtion was measured using a plate reader (Thermo-
-Labsystems) on 540 nm, with reference wavelength 690 nm.

SRB test: SRB test is a colorimetric assay, based on the ability of the
protein dye sulforhodamine B (SRB) to bind to protein basic amino acid resi-
dues of trichloroacetic acid (TCA)-fixed cells. The incorporated dye can be
solubilized for measurement, and the results are linear with cell number
(Voigt, 2005). Following incubation with plant extracts, the medium was re-
moved and the cells were fixed in TCA (0.025 ml of 50% w/v TCA per well)
for 1 h at 4°C, washed five times with distilled water, air-dried, and stained
with 0.05 ml of 0.4% SRB in 1% acetic acid for 30 min. Then, the cells were
washed five times with 1% acetic acid to remove the unbound dye and air-
dried. The incorporated dye was solubilized in 10 mM TRIS (pH 10.5) for 5
min, and light absorption was measured using a plate reader (ThermoLabsys-
tems) on 492 nm, with reference wavelength 690 nm.

Calculation of cytotoxicity and IC50: In both tests, cell cytotoxicity was
calculated as a percentage of corresponding control value (non-treated cells)
obtained in a minimum of three independent experiments. The half-maximal
inhibitory concentration values (IC50), defined as the concentration that in-
hibits 50% of cell growth, were calculated from concentration-response curves.
IC50 values were expressed as the mean of a minimum of three repeated ex-
periments performed for each plant extract.

RESULTS AND DISCUSSION

It has been previously reported that compounds exhibiting cytotoxic ef-
fects in cell lines can demonstrate distinct kinetic profiles that fit into three
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categories: acute (< 1h to full toxicity), subacute (1-40h), and long term (>40h)
(Xia et al, 2008). Guided by these findings, exposure time of 72h in our
study has been selected to allow the expression of full cytotoxic potential of
investigated plant extracts.

All M. communis and E. camaldulensis extracts exhibited cytotoxic ef-
fects on MCF 7 and MDA-MB-231 cell lines, and the results were confirmed
both by MTT and SRB assay. At the highest tested concentration (50 pg/ml),
cytotoxicity of organic extracts/fractions was in the range from 40% to as high
as 98%, while for water fraction it was in the range of 30-70%. The effects
were dose dependent and based on dose-response curves IC50 values were
determined (Table 1). In the case of M. communis, ethyl acetate and n-butanol
fractions exhibited the highest antiproliferative effect on both cell lines with
IC50 values ranging from 7 to 25 pg/ml. Total methanol extract and water frac-
tion induced less pronounced cytotoxicity, with IC50 values ranging from 14 to
138 pg/ml. Overall pattern of the results obtained for £. camaldulensis extracts
also indicate to ethyl acetate and n-butanol fractions as the most cytotoxic
(IC50 5-41 pg/ml). It can also be noticed that general level and pattern of cyto-
toxicity of all investigated extracts is rather similar for both tested plants.

Further commenting on obtained IC50 results and antiproliferative po-
tency of tested plant extracts requires a precaution due to a noticeable differ-
ence between the IC50 values obtained by the two applied cytotoxicity assays.
Namely, IC50 values determined by SRB assay are in all cases lower than
ones calculated from MTT assay. This dissimilarity is especially pronounced
in the case of treatment of MDA-MB-231 cells by E. camaldulensis extracts,
with the range of difference from 7 to 78 times. MTT and SRB assays are
basically used for the assessment of cellular chemosensitivity and are related to
the total cell number, therefore giving a relative measure of survival (Risti¢ -
-Fira etal., 2008). The reason for a discrepancy in our results probably lies in
a difference in the sensitivity of applied cytotoxicity assays and targets which
they reflect, since they measure distinct biological parameters in living cells.
The same cell line could have poor capacity to reduce MTT, and at the same
time could show high values of absorbance in the SRB assay, all because SRB
assay does not depend on enzymatic activity but on protein content of the
cells. In contrast to MTT testing, SRB staining is less sensitive to environ-
mental fluctuation such as variations in pH or depletion of glucose, and is
independent of intermediary metabolism, which are all the factors that may be
influenced by the test substances (L in et al., 1999). In addition, for the study
of growth kinetics, the SRB assay is more suitable because of the higher sen-
sitivity and better linearity with cell number (Keepers etal., 1991).

In any case, when comparing our results with the findings from the sim-
ilar studies, antiproliferative potency of M. communis and E. camaldulensis on
the two human breast cancer cell lines is evident. Aqueous acetone extract of
E. camaldulensis exhibited a dose-dependent growth inhibitory effect on MCF 7
cell line, with recorded IC50 value of 36.5 pg/ml (Singab etal., 2011). Com-
parable effect on A2780 human ovarian cancer cell line was reported for
methylene, hexane, and dichloromethane fruit extracts of E. camaldulensis, with
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Tab. 1 — IC50 values (ug/ml) of different extracts of Myrtus communis and Eucalyptus camaldu-
lensis, obtained by MTT test and SRB test on MCF 7 and MDA-MB-231 human breast cancer
cell lines.

Fxtract/fraction MCF 7 cell line MDA-MB-231 cell line
MTT test SRB test MTT test SRB test
Myrtus communis
Methanol 40.1 16.0 55.0 18.7
Ethyl acetate 21.8 12.6 25.1 7.2
n-Butanol 22.4 15.5 23.5 6.9
Water 50.5 28.6 138.0 14.1
Eucalyptus camaldulensis
Methanol 67.2 12.5 147.5 5.7
Ethyl acetate 26.7 7.9 344 4.9
n-Butanol 40.3 11.0 41.3 4.9
Water 86.5 21.6 250.7 3.2

The results are presented as the mean of three independent experiments performed in triplicate
for each cytotoxicity assay.

IC50 values of 17.2-17.5 pg/ml, while leaf extract had IC50 value of 19.3 pg/ml
(Topgu et al., 2011). Ethanolic extract of plants used in Thai traditional
medicine showed high cytotoxic activity against MCF 7 cells (IC50 = 31-35
pg/ml), but water extract showed no cytotoxic effect (Sakpakdeejaroen
and [tharat, 2009). Methanolic extract of E. camaldulensis also revealed
marked toxicity (IC50 = 20.7 pg/ml) on human bladder carcinoma cell line as
determined by MTT test (A1-Fatimi etal., 2005). On the other hand, leaves
extract of another plant from Myrtaceae family expressed very low cytotoxic
potency on MCF 7 cells (IC50 = 820£190 ug/ml), and were no cytotoxic to
MDA-MB-231 cells as determined by MTT test (Kaileh etal., 2007).
Chemical constituents responsible for the cytotoxic activities detected in
our study might be speculated. Among the investigated plant extracts, total
methanol extract of both M. communis and E. camaldulensis was chemically ana-
lyzed. The results revealed high levels of plant phenols, especially flavonoids,
flavonol-3-O-glycosides, flavonol-7-O-dyglicosides, phenol carbolic acids and
their derivatives, rutin, elagic acid and their derivatives, etc. (Bugarin,
2010; Grbovig, 2010). It is shown that some flavonoids exert cytotoxic ef-
fects towards human lung embryonic fibroblasts and human umbilical vein
endothelial cells by increasing level of intracellular reactive oxygen species
(Matsuo etal., 2005). In addition, structure-cytostatic activity relationship
was shown after treatment of Rhesus monkey kidney and rat glial tumor cells
by various flavonoids (Sanchez etal.,, 2001). All these results indicate that
the compounds identified in methanol extract from our study might be respon-
sible for its cytotoxicity. Other plant extracts were not chemically analyzed, but
certain conclusions about type of compounds responsible for their effect might
be presumed according to the results of comparable studies. In one of them, the
cytotoxic activity of leaf organic extracts of E. camaldulensis was attributed to
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triterpenoids, mostly urosolic and oleanolic acids (Top ¢ u et al., 2011). Glob-
ulocin A and eucaglobin isolated from leaves of E. globules had antioxidant,
anti-inflammatory, and anti-melanogenesis activity (Hasegawa et al,
2008). Moreover, it was shown that myrtucommulone, a unique nonprenylated
acylphloroglucinol contained in the leaves of M. communis, acts as a strong in-
ducer of apoptosis selectively for cancer cells with lower cytotoxicity for nor-
mal non-transformed cells (Tretiakova etal., 2008). In addition, all these,
or structurally similar substances, could also present active compounds in ex-
tracts from our study.

It is known that in vitro cytotoxicity can be cell-type specific (Xia et
al., 2008; Sanchez et al, 2001). Regarding sensibility of the two cell lines
(MCF 7 and MDA-MB-231) towards investigated plant extracts, our results
did not reveal significant difference in a cellular response. Only in the case of
E. camaldulensis extracts, results of SRB test could indicate a greater sensi-
tivity of MDA-MB-231 cell line. However, since this finding is not confirmed by
MTT test, no conclusions on difference in sensitivity could be drawn. The same
cell lines were used in testing of medicinal plant extracts in other study, and they
exhibited different sensitivity towards the plant extracts (Steenkamp and
Gouws, 2006). There is also an example where MCF 7 and MDA-MB-231
cell lines, depending on a tested plant extracts, had either very similar or a dif-
ferent sensitivity as determined by MTT test (Kaileh et al., 2007).

CONCLUSION

In conclusion, examined extracts of M. communis and E. camaldulensis
exhibit considerable cytotoxic potential for MCF 7 and MDA-MB-231 human
breast cancer cell lines. The two plants can be recommended for thorough
chemical analyses for identification of active compounds and eventually for
attention in the process of discovery of new natural products in the control of
cancer.
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HUTOTOKCUYHOCT MYRTUS COMMUNIS 1 EUCALYPTUS
CAMALDULENSIS HA REJIMJAMA KAHIEPA IOJKE

Jenena JI. Xpy6uk', Coma H. Kanmapesuh', Bpanka JI. Tnumuh!, Emunuja b. Josun?,
Hena M. Mumuna-Jlykuh? u Pagmuna 3. Kopauesuh'

" Vuusepsurer y Hosom Cany, [Ipuponso-maTemaTnuku dpakynter — JlenapTvan 3a
6uonorujy u exonorujy, Tpr Hocuteja O6pagosuha 2, 21000 Hosu Can, CpOuja
> Vuupepsuter y HoBom Cany, ITpuponno-mMaremMaTnukyu daxynTet — JlenapTman 3a
XeMHjy, OMOXeMHU]jy M 3alITUTY )KUBOTHE cpenune, Tpr Jocureja O6panosuha 3,
21000 Hosu Can, CpOuja

Pe3nme

HcnutuBaza je in vitro TUTOTOKCUYHOCT METAHOJICKOT, eTHJI-alleTaTHOT, n-0yTa-
HOJICKOT Y BOJICHOT eKcTpakTa Myrtus communis and Eucalyptus camaldulensis na nge
xymane henujcke nunuje kanuepa gojke (MCF 7 u MDA-MB-231) nomohy aBa Tecra
nutotokcnaHocTH (MTT n SRB). Pesynratu cy nokasaiu 3Ha4ajaH IMTOTOKCHYAH TI0-
TEHIM]jaJl ICTIUTUBAHUX eKcTpakara, ca IC50 Bpexnourhy y orncery ox 7 mo 138 pg/ml
3a excTpakte M. communis n 3-250 pg/ml 3a ekctpakt E. camaldulensis. O6e Ousbke
Cy MoKa3aje CIMYHY aKTUBHOCT, a HHje NIOKa3aHa HU 3HayajHa pas3jivKa y CeH3UTHB-
HOCTH JiBe henmjcke JMHMjEe HAa HCITUTaHe OUJbHE eKcTpakTe. Ha OCHOBY noOHMjeHUX
pesynrara, M. communis and E. camaldulensis ce Mory npenopy4uTy 3a TeMeJbHY
XEMHjCKY aHAJIH3Y y HUJbYy WACHTH(UKAIMje aKTUBHUX jeANCHa, a Takohe n kao
OuJbKe Koje OM MOIJIe UMaTH 3Ha4a] y M3yudaBarby HOBUX MPUPOJHUX MPOAYKaATa y
KOHTPOJIN KaHIEepa.

KIJbYUHE PEYU: Eucalyptus camaldulensis Dehnh., MCF 7, MDA-MB-231,
Myrtus communis L., qUTOTOKCUYHOCT

73






30opuuk Martuie cprcke 3a npupoaHe Hayke / Proc. Nat. Sci, Matica Srpska Novi Sad,
Ne 123, 75—82, 2012

UDC 633.15:631.53.01
DOI:10.2298/ZMSPN1223075K

Rudolf R. Kastori, Ivana V. Maksimovidé
Otto T Doroghdzi, Marina I. Putnik-Deli¢

University of Novi Sad, Faculty of Agriculture, Department of Field and Vegetable Crops,
Dositeja Obradovica Sq. 8, 21000 Novi Sad, Serbia

EFFECT OF LEAD CONTAMINATION OF MAIZE
SEED ON ITS BIOLOGICAL PROPERTIES

ABSTRACT: Effect of treatment of seed with various lead concentrations (0, 107, 10™%,
10* and 102 mol/dm?) on accumulation and distribution of lead (Pb) in seedling, seed ger-
mination, seedling growth, and mobilization of mineral matter during seed germination
was investigated.

Content of Pb in the root and the shoot indicates that seeds imbibed in solutions of
various Pb concentrations took up Pb intensively. Content of Pb in the root and the shoot
increased with increase of Pb concentration and it was much larger in the root than in the shoot.
Contrary to this, the accumulation coefficient was greater in the shoot than in the root.

Treatment of seed with Pb did not significantly affect its biological properties. Increase
of Pb concentration decreased germination ability, germination energy, and percentage of typi-
cal seedlings, while increasing the number of atypical seedlings and non-germinated seeds.

Contamination of seed by Pb did not affect the dry matter mass and the growth of
young plants shoots, while the length of the primary root, the mesocotyl root as well as the
root mass at the highest Pb concentration, significantly decreased.

Translocation of mobilized mineral matter from the seed during germination and
growth of young plants into the root and shoot was specific, depending on elements. Only
the implementation of the highest implemented Pb concentration affected mobilization and
translocation of some elements.

Based on the obtained results, it can be concluded that maize is characterized by sig-
nificant tolerance to Pb contamination during seed germination and growth of seedlings.

KEY WORDS: germination, growth, lead imbibition of grain, maize, translocation of
mineral elements

INTRODUCTION

Lead (Pb), unlike some other heavy metals, is not essential for higher plants
and other organisms. At higher concentrations, Pb is highly toxic to man, ani-
mals and plants, which is why it is considered a dangerous pollutant. Pb pol-
lution sources are in the first place transportation means, industry and its
products, which use Pb in production technology. This heavy metal enters the

* Corresponding author: kastori@polj.uns.ac.rs
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food chain mainly through plants, which is why it is very important to understand
its accumulation and distribution in plants and its effect on physiological and
biochemical processes in plants (Kabata-Pendias and Pendias, 2000).
Even more so, since Pb remains in biological systems for a long period, which
significantly increases its toxicity and probability of entering the food chain.
Number of experiments established unfavorable effects of high Pb con-
centrations on life processes in plants. It was determined that Pb inhibits seed-
ling growth (Lane and Martin, 1977), cell elongation (Lane etal., 1978)
and photosynthesis (Kastori et al., 1998), causes interruption of mitosis (Wierz-
bicka, 1988), affects the water regime (Kastori etal., 1996) and mineral
nutrition of plants (C s e h et al., 2000). Toxicity of heavy metals arises, among
other things, from their ability to bond with enzymes, which alters their activ-
ity (Vasn Asshe and Clijstres, 1990). During germination enzyme
activity is very intensive, complex organic compounds are being degraded
and at the same time new compounds are being synthesized and mineral mat-
ter mobilized. Having all this in mind, we saw the need to examine effect of
contamination of seed by Pb on its biological properties, seed germination,
growth of young plants and mineral matter mobilization during germination.

MATERIAL AND METHODS

The experiment was carried out using the seed of NS 7016 maize hybrid.
Enrichment of seeds with Pb was completed by their imbibition in solutions
with various concentrations of PbCl, (0, 10°, 107, 107, and 10 mol Pb/dm?>)
at 22°C during 24 hours. Following of the water uptake dynamics showed that
at 22°C during 24 hours the water content in the seed reaches 37%, which is
sufficient for germination and enables maximal introduction of Pb into the seed
tissues. After imbibition, seeds were rinsed with distilled water. Seeds were
kept in thermostat for germination for 4 days at 25°C. Afterwards, biological
value of seed was examined, according to the standard procedure published in
Official Gazette of SFRY (Sluzbeni list SFRJ 47/87). Investigated properties
were germination ability, germination energy, representation of typical and
atypical seedlings and share of non-germinated seeds. After seven days, we
measured length of the shoot, primary root and the mesocotyl root. The shown
values represent the average of 20 measurements.

Plant material was rinsed with deionized water before drying. Drying
was performed to constant mass, after which it was determined the dry matter
mass of the shoot and the root. Afterwards, the plant material was homoge-
nized and grinded to powder, prepared for the analysis. Plant material was
digested using cc HNO; + cc H,0,. The content of mineral matter was deter-
mined by ICP. The nitrogen content was determined by Kjeldahl method.

Distribution of Pb represents the ratio of Pb in the shoot and the root and
its total content in the young plant. The accumulation coefficient was deter-
mined according to Duvigneaud (Larcher, 1995).

Test results were statistically processed by calculating the smallest dif-
ference between arithmetic means.
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RESULTS AND DISCUSSION

The maize seed took up Pb very intensively, which is verified by its high
content in the root and the shoot of young plants (Tab. 1). The obtained results
show that Pb ions go more or less undisturbed through the seed coat and the
semi-permeable membranes of the seed cells. The Pb content in dry matter in
unpolluted conditions span from 0.1 to 10 pg/g of dry matter, with an average
of 2pg/g(Cannon, 1976). Sillanpaa andJansson (1992) investigated
the Pb content in different edaphic conditions in 30 countries in young wheat and
maize plants, and they determined that its content spans from 0.2 to <1 pg/g
of dry matter, while in some countries it was >1 ng/g. According to Kaba -
ta-Pendias and Kabata (2000), the Pb content in cereal grain in differ-
ent countries spanned from 0.01 to 2.28 ng/g of dry matter. The Pb content in the
root and the shoot of untreated seed determined by these investigations confirm
findings of the mentioned authors, while the Pb content in the root was much
higher than in the shoot. In the root, Pb mostly accumulates in the apoplast. The
xylem sap is characterized by high Pb content, where it is bonded to organic
acids, in the first place citric acid. In the root, Pb is also intensively bonded to
functional groups of xylem elements. There is a high positive correlation be-
tween Pb content in the nutrient medium and plants (Kabata-Pendias
and W lac ek, 1985), which is also confirmed by these results. With increase
of Pb concentration, its content in the root and the shoot also increased sig-
nificantly, especially at the highest Pb concentration seed treatment.

Tab. 1 — Content, distribution, and accumulation coefficient of lead in young maize plants at various
treatments of seed with lead

Treatment (mol Pb/dm?)

Organ

0 107 10 107 102
Content (ug Pb/g DM)
Shoot 0.29 2.07 2.00 9.31" 33.59"
Roots 3.76 4.54 5.40" 19.34"™ 182.67"
Distribution (%)
Shoot 9.15 35.10 34.21 38.40 18.80
Roots 90.85 64.90 66.79 61.60 81.20
Coefficient of accumulation
Shoot 0.00 7.13 6.89 32.10 115.82
Roots 0.00 1.21 1.44 5.14 48.58

With mobilization of nutrient compounds of the seed during germina-
tion, there was also intensive translocation of Pb into formed organs. Taking
up and translocation of Pb also depends on its form. Taking up Pb is more
intensive from nitrate than from sulphate or carbonate form. At implementa-
tion of an organic compound (Pb-tetraalkyl), translocation in the spring wheat
grain was very intensive. The Pb content was 20 pg/g of dry matter (Diehl et
al., 1983). In this paper Pb was implemented in inorganic form, as a highly solu-
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ble salt PbCl, that enabled intensive taking up of Pb by the treated seed and its
translocation during germination into newly formed organs. It was observed
that when Pb was uptaken through the root from the nutrient medium, its ac-
cumulation in the root was much higher than in the above-ground part (Lane
and Martin, 1977, Janjatovi¢ et al, 1991, Kastori et al., 1998).
Zimdahl (1975) states that only 3% of Pb is translocated from the root to the
above-ground parts. Reasons for limited translocation of Pb from the root to the
above-ground parts were investigated by several authors in the past. Malone et
al. (1974) state that in maize plants Pb is primarily accumulated in dictyosome
vesicles, which merge and close the Pb deposition. Afterwards, the vesicles
move from the cytoplasm to the outer side of the plasmalemma, bond to the
cell wall, where Pb is than being accumulated. The Pb accumulation in the
root is explained, among other, by its anatomic built. It was noticed that Pb is
accumulated around endodermis, which is why it is considered a barrier to
apoplastic Pb transport. This barrier is not, however, total but partial, to which
points the fact that closer to the root top in the protophloem there is more Pb
than in the same tissue at a larger distance from the root top (Lane and
Martin, 1977). Due to the specific built of the endodermis, according to
some authors, there is a noticeable difference in Pb accumulation between
monocotyledonous and dicotyledonous plants (M iller, 1977).

Significantly higher accumulation of Pb in the root, established in this
test, cannot be explained only by its built or accumulation in the cell wall, since
Pb arrived to the root and the shoot of young plants by its mobilization from
the seed. During germination, products of decomposition of organic and mineral
matter from the seed partially go to the environment, which creates possibility
for the root of the young plant to uptake Pb from the environment, which could
partially explain a higher accumulation of Pb in the root. Plants are character-
ized by various mechanisms of protection from the unfavorable effects of high
concentrations of heavy metals (Arsenijevi¢-Maksimovic et al,
2001). It is possible that accumulation of Pb in the root is a form of protection
mechanism from accumulation in the above-ground parts of the plant.

Treatment of seed by Pb did not significantly affect its biological value
(Tab. 2). With the increase of Pb concentration, a tendency of decrease of ger-
mination ability, germination energy and typical seedlings is observed, as well
as and increase of share of atypical seedlings and non-germinated seeds. How-
ever, the obtained differences in the mentioned parameters were not statisti-
cally significant. It could be because Pb mostly remained in the peripheral
parts of the seed and did not reach the germ, causing its effect to be expressed
later, to which point the results given in the Tab. 3.

With the increase of Pb concentration, the length of the primary root,
mesocotyl root and the root dry mass decreased, while it did not significantly
affect the seedling (Tab. 3). This difference in effect on certain organs can be
explained by the difference in Pb accumulation, which was higher in the root
than in the shoot. Generally, it can be said that toxic concentrations of heavy
metals decrease the growth of the root to a greater extent than the growth of
the aboveground parts. The decrease of the root length can be explained by the
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Tab. 2 — Biological properties of the seed treated with various concentrations of lead

Concentration of Pb (mol/dm?)

Parameters 0 107 10 103 102
Typical seedling (%) 96.75 95.50 95.00 94.75 93.75
Atypical seedling (%) 2.25 2.75 4.50 4.00 4775
Non-germinated seed (%) 1.00 1.75 0.50 1.25 1.25
Germination energy (%) 97.00 95.00 95.00 95.00 94.00
Germination ability (%) 97.00 95.00 95.00 95.00 94.00

effect of this element on cell elongation and cell division (Lane and Mar-
tin, 1977, Lane et al., 1978). Sensitivity of certain plant species to presence of
higher Pb concentrations varies. According to tests performed by Diehl et
al. (1983), in wheat the grain yield is significantly decreased when Pb concen-
tration in straw reaches 45 mg/kg of dry matter, while in spinach which is
considered a species very sensitive to Pb, already at concentration of 10-15
mg/kg of dry matter the yield of leaves decreases Judel andStelte, 1977).
Reaction of certain plant species to higher concentrations of Pb depends on
the Pb/Ca concentration ratio in the environment. Having our results in mind,
it may be concluded that maize in early phases of growth is characterized by
high tolerance to toxic concentrations of Pb. Higher concentrations of heavy
metals, among which Pb, can induce protein synthesis, phytochelatin, which
was found in maize seedlings as well (Szigeti, 1998). In the tissue culture
there was detected forming of peptides with the sequence (y-Glu-Cys),4-Gly.
It is assumed that peptides containing SH-groups bond Pb in the cell and
therefore protect the enzymes containing similar functional groups. Lead is
not essential for higher plants. There is, however, data that indicates that low-
er concentrations of Pb can show stimulating effect on plant growth (Lang-
erwerff etal, 1973). Broyer etal. (1972) state that if plants need Pb, its
sufficient concentration is 2 to 6 ppb. It has been established that treating seed
with high Ni concentration reduces biological value of the seed, as well as the
growth of the primary root (Doroghazi etal., 2010).

Lower applied concentrations of Pb have not significantly affected mobi-
lization of mineral matter during seed germination, which is why only the
values obtained using higher concentrations will be shown (Tab. 4). Content
of all investigated elements except P and S in the root, and N, P, K and Mo in

Tab. 3 — Effects of seed treatment with various lead concentrations on growth and mass of young
maize plants

Concentration of Pb (mol/dm?)
Parameters

0 107 10 107 107
Shoot length (cm) 10.13 10.26 9.90 10.49" 9.85
Primary root length (cm) 12.11 11.80 11.70 11.91 11.20°
Mesocotyl root length (cm) 9.20 9.03 8.89 9.37 8.61"
Shoot dry mass (mg) 28.30 27.00 28.10 27.80 28.70
Root dry mass (mg) 36.50 33.10 39.50 36.50 29.90"
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the shoot, in Pb treated seeds was lower than in the control. Presence of higher
concentration of Pb in the seed reduced to a greater extent only mobilization
of Ca, Na, and Cu. Lead can decrease and in some cases also increase uptake
and accumulation of certain elements. In young cucumber plants, uptake of K,
Ca and Fe significantly decreased in presence of PbCl, (Szigeti, 1998).

Tab. 4 — Effects of seed treatment with lead on concentration and distribution of macro- and mi-
croelements in shoots and roots of maize

Macro- Treatment Pb (mol/dm®  Micro- Treatment Pb (mol/dm?)
-nutrients Plant B -nutrients Plant 2
(mg/kgDM) P O 07 (ugepwy PO 0
N Sh 3610.1 3880.0 Fe Sh 164.10 163.30
R 1940.0 1930.0 R 240.30 226.25
P Sh 617.0 634.2 Zn Sh 47.51 42.57
R 314.9 3284 R 5272 50.82
K Sh 1323.8 1419.8 Cu Sh 5.73 3.38
R 825.5 823.8 R 7.52 5.70
S Sh 263.4 235.8 Mn Sh 14.10 12.73
R 216.0 220.6 R 5792 53.33
Mg Sh 114.6 119.0 Mo Sh 0.19 0.23
R 277.8 266.4 R 1.26 1.20
Ca Sh 141.8 132.4
R 1042.0 955.4
Na Sh 63.4 53.4
R 504.7 479.1

Sh-Shoot; R-Roots

Remobilization of elements from certain parts of the seed during germi-
nation varies. Out of the total content of mineral matter in the seed, the seed
coat contains 55-57%, except for S, which is around 40% (Moussavi-Nik
et al., 1997).

Distribution of certain elements during seed germination was specific.
Elements that constitute organic matter, N, P, S, and K that does not yield or-
ganic compounds, accumulated more significantly in the shoot than in the root.
Other investigated elements, Cu, Zn and especially Ca, Mg, Fe, Na, Man and
Mo were present in the root at a much greater extent than in the shoot. Inten-
sive remobilization of K to the shoot during germination was also established
by Moussavi-Nik etal. (1997).
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YTULHAJ KOHTAMUHAIIMIE CEMEHA KYKYPY3A OJIOBOM HA
HBEI'OBA BUOJIOLIKA CBOJCTBA

Pynong P. Kacropu, UBana B. Makcumosuh, Ottd T. Doroghazi,
Mapwuna U. ITytauk-Zenunh

Hossonpuspenuan daxyntet Hosu Can, Tpr Hocureja Obpanosuha §, 21000 Hou Can
Pesume

HcnuraHo je m}jCTBo TpeTHpama CeMEeHa KyKypy3a pa3JIMuuTHM KOHIICHTpallu-
jama omosa (1075, 104, 107, 10 mol/dm®) Ha Hakynbame 1 gucTpuOYLHjy onosa (Pb)
y KIIWjaHIly, KIHjake CeMeHa, TOPacT MOHUKa 1 MOOWITH3AI1]y MUHEPaTHUX MaTepH-
jay TOKy KiHjama.

Canpxaj Pb y kopeHy 1 H3[JaHKY TIOHHKA YKa3yje Jla CeMe MOTOMJBEHO Y PacTBO-
pe paznuunTux KoHueHTpanuja Pb natensuBHo ycBaja Pb. Caapxkaj Pb y kopeny u
u3aHky nosehao ce ca noBehameM NpUMenEHUX KOHIIeHTpaluja Pb u Ouo je 3Ha4yajHo
Behu y kopeny Hero y uzganky. Hacynpor Tome, koeuinjeHT akymyamuje 01o je
Behu y U3/1aHKy HEro y KOpeHy.

Tperupame cemena Pb Huje y Behoj Mepu yTunano Ha mweroBa OHOIIONIKa CBOj-
ctBa. Ca nmoBehamem KoHIIeHTpalje Pb cMamuim Cy ce KIMjaBoCT CeMeHa U yIe0 TH-
MUYHAX OHKKa, a moBehao ce Opoj aTHMHYHKUX MOHUKA U HEIPOKJIHjaINX CeMEHa.

Ha macy cyBe MaTepuje 1 pacT U3JaHKa MIIAINX OMJbaka KOHTAMUHALIja CEMEeHa
Pb Huje ncnospnIta 1ejcTBO, 0K Cy €€ Ty)KHHA IPHMApHOT KOPEHa, KOPeHA ME30KOTHIIA
Ka0 M Maca KOpeHa 3HauajHO CMambUIIU [P TPETUPalby CeMeHa HajBehoM KOHIIEHTpa-
uujom Pb.

TpaHciiokanja MOOMIM3UPAHUX MHUHEpPATHUX MaTepHja U3 CEMEHa Y TOKY
KJIMjamka ¥ pacta Milainx OMJbKa y KOPeH U u3aHak Ouia je cnenuduuna, 3aBUCHA OJ1
enemenTta. CaMo je mpuMeHa HajBehe ncnuTUBaHe KOHIeHTpanuje Pb ncnospuna yTu-
113j Ha MOOMITM3aIIH]y ¥ TPAHCIIOKAIlN]y HEKUX eJeMeHaTa.

Ha ocHoBy 1001jeHIX pe3yliTaTa MOXKe Ce 3aKJbYYHTH Ja ce KyKypy3 y pa3u Kiu-
jama ceMeHa ¥ ropacTta MoHHKa OJITMKYje TojiepaHTHoIThy mpeMa KoHTaMuHanuju Pb.

KJbYYHE PEYM: knujaBocT, KyKypy3, MOOUIU3AIja MUHEPAITHUX eJieMeHaTa,
pacr, TpeTupame 0JI0BOM
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GENETIC, CHEMICAL, AND PHYSICAL PREDISPOSITIONS

OF NEW MAIZE INBRED LINES AND HYBRIDS
WITH EFFICIENT PHOTOSYNTHESIS™

ABstract: This study confirmed our hypothesis that new maize inbred lines and hy-
brids derived from them had a dominant property of an efficient photosynthetic model. This
property is successfully used in breeding programmes, modern technologies of the seed, and
commercial maize production. This statement is supported by the results displayed on the
erect position of the top leaves of new maize inbred lines and photosynthetic and flores-
cence parameters: the change of the delayed chlorophyll fluorescence intensity during its
course and dynamics, the Arrhenius criterion for the determination of critical temperatures
(phase transition temperatures) and the activation energies, as a measure of conformational
changes in chloroplasts and the thylakoid membrane. Furthermore, a grain structure including
its physical and chemical parameters of new maize inbred lines and hybrids was analysed
in the present study. In addition, relevant breeding, seed production and technological traits,
properties and parameters of new maize inbred lines and maize hybrids were observed in
the present study. The overall presented results show that properties of new inbred lines and
maize hybrids are based on the nature of conformational and functional changes that occur
in their chloroplasts and thylakoid membranes, as well as, on progressive effects in modern
breeding, contemporary hybrid seed production, and the commercial maize production.

KEY WORDS: delayed chlorophyll fluorescence, grain, hybrid, inbred, leaf, photo-
synthetic model, thylakoid membrane, Zea mays L.

INTRODUCTION

The complex and interdependent processes in fundamental, multidisci-

plinary, and applied sciences are frequently interrelated. This manuscript presents
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This manuscript presents implementation of his ideas on activities related to maize
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the bonds of interrelated studies carried out within breeding, photosynthesis,
fluorescence, biophysical chemistry and seed production in new maize inbred
lines and hybrids with efficient photosynthetic functions. Maize breeding and
seed production have been intensively developing for the last 65 years. As a
result of such activity, over 1400 grain and silage hybrids have been derived.
Modern equipment and technical and technological prerequisites were provided
for carrying out the process of breeding and hybrid and commercial maize seed
production (Duvick, 1977, 1984; Sprague, 1984; Trifunovi¢, 1986;
Dumanovig, 1986; Hallauer, 1988; Ivanovié et al., 1995;
Radenovi¢ etal., 2000).

Since 1978, the number of plants per area unit (plant density) has been
significantly increasing, which resulted in the significant increase in grain
yields of both, maize hybrids and commercial maize (Radenovi¢ et al,
1978, 2001 a, b; Koji¢ and Ivanovi¢, 1986). At the same time, a pro-
gramme on breeding and the seed production of maize hybrids that included
inbreds with erect top leaves has been developed (Radenovi¢ etal., 1978,
2003, b, 2004a, b, 2007,2008; Felner etal., 2006). According to our hypoth-
esis, new maize inbred lines with erect leaves are the closest to the assumptive
maize photosynthetic model (Radenovi¢ and Grodzinskij, 1998).

The studies on maize photosynthesis carried out in the previous period
did not have a more important application in breeding and the production of
maize hybrid seed. It was almost impossible to present practical results and a
clear and direct interrelationship among photosynthesis, breeding and the pro-
duction of maize hybrid seed by an old and traditional approach. The way out was
found in the functional connection of interdependence of photosynthetic functions
and fluorescence (Radenovi¢ etal, 2000, 2001a, b, 2004a, b, 2007, 2010).

During the last 40 years, new and significant studies within the field of
bioluminescence and fluorescence phenomena and processes within the plant
systems, including maize, have been carried out(Barber and Neumann,
1974; Bukhov etal, 1989; Dzhibladze etal., 1988; Govindjee and
Papageorgiou, 1971;Govindjee etal, 1990; Haveman and La-
vorel, 1975; Hipkins and Barber, 1974; Holzapfel and Haug,
1974; Jurisnic, 1986; Jurisnic and Govindjee, 1982; Krause and
Weis, 1991;Lichtenthaler and Rinderle, 1988; Mccauley and
Rubby, 1981; Papageorgiou, 1975;Veselovski and Veselova,
1990; Markovi¢ etal., 1987, 1993, 1999; Radenovi¢, 1994;Radeno -
vié etal., 1994 a,b; Radenovi¢ and Jeremié¢, 1996). The direct de-
pendence of the delayed chlorophyll fluorescence (DF ) intensity on changes
of photosynthetic processes in chloroplasts and thylakoid membranes of maize
intact leaves was determined (Radenovi¢, 1994 a,b; Radenovi¢ and
Jeremi¢, 1996). S Conditions that provided monitoring of complex photo-
synthetic processes in the intact leaf of maize inbreds by parameters of a
photosynthetic and fluorescence model in the form of chlorophyll DF were
developed (Radenovi¢ etal., 2000, 2001a, b, 2010).

Research methods within the field of biophysical chemistry contributed
to diversified binding of studies on photosynthetic and transport processes in
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chloroplasts and the thylakoid membrane and different chemical structures of
grain with processes of fluorescence spectroscopy and chemical kinetics (R a -
denovi¢, 1994;Radenovic etal., 2007, 2008, 2010; Rubin et al., 1988).
The objective of the present study was to show that new inbred lines that are
included into new high yielding maize hybrids could be an efficient photosyn-
thetic model and could contribute to the functional connection of breeding, pho-
tosynthesis and florescence, and thereby to a greater extent to progress of maize
breeding and the modern production of hybrid seed and commercial maize.

MATERIAL AND METHODS

Plant material — The studies were performed with the following two
new maize inbred lines: ZPPL 218 and ZPPL 318 and the hybrids developed
from them: ZP 600, ZP 606, and ZP 666. The observed inbreds and maize
hybrids belong to the collection of the Maize Research Institute, Zemun Polje,
Belgrade, Serbia.

As these are new inbred lines and maize hybrids, their traits will be pre-
sented in this manuscript. Figure 1 shows the actual appearance of new maize
inbred lines with erect top leaves: ZPPL 218 and ZPPL 318 and prospective
maize hybrids: ZP 600, ZP 606, and ZP 666 with their ears.

Fig. 1. — Actual appearance of new inbred lines with erect top leaves: ZPPL 218 (A),
ZPPL 318 (B), and of prospective hybrids with their ears: ZP 600 (C), ZP 606 (D) and ZP 666 (E)
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Methods — Overall studies of the stated new inbred lines and prospective
maize hybrids developed from them with erect top leaves encompassed sev-
eral series of experiments in which new and conventional methodological pro-
cedures were applied.

1. The measure of an angle and leaf area — The first series of experiments
was related to studying the erect position of top leaves. A specially designed
protractor was used to measure the angle between lines of the position of the
above-ear leaf and the position of the plant stalk of new maize inbred lines.
The leaf area was measured by using the portable area meter (model LI-3000).
Measures of the angle between the above-ear leaf and the stalk and the leaf
areas were carried out on 218 plants for each inbred line during the three-year
period. These methodical procedures were described in previously published
papers (Radenovi¢ etal., 2003, 2004a, b, 2007).

2. Photosynthetic and fluorescence measurements — The second series of
the experiments was related to photosynthetic-fluorescence measurements,
including thermal processes of DF, critical phase transition temperatures and
activation energies. The test maize inbreds grown in the experimental field of
the Maize Research Institute, Zemun Polje, were brought to the laboratory
between 7 a.m. and 8 a.m. Plants sampled in the field were transversally cut
in the ground internode. In the laboratory, plants were internode lengthwise
placed in water. Prior to the fluorescence experiment, all plants were kept under
the black ball glass for two hours. Segments of intact above ear leaves were taken
from such plants and placed into a chamber of the phosphoroscope. The intact
leaf segments were kept in the chamber (in the dark) for at least 15 minutes,
and then thermal processes of delayed chlorophyll fluorescence were meas-
ured. These tests were performed on 168 plants of each maize inbred line.
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Fig. 2. — Experimental setup of the photosynthetic fluorescence method and the measuring
equipment for delayed chlorophyll fluorescence: C — dark chamber with a sample stand;
S — sample (intact leaf segment), ELS — excitation light source, PH — photo-multiplier;

O — oscilloscope, R — printer, ELB — excitation light beam, DF — luminescent light (delayed
fluorescence), IS — input dark chamber slot, OS — output dark chamber slot, F — filters

ELB s ———» DF
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The improved non-invasive photosynthetic-fluorescence method used to
measure DF is schematically presented in Figure 2. This method, developed at
the Maize Research Institute, Zemun Polje, has been improved several times.
Photosynthetic-fluorescence measurements were performed after a method
that had been described in previously published papers (Radenovi¢, 1994;
Markovic¢ etal., 1996;Radenovi¢ etal., 2001a, b, 2002, 2004a, b, 2007,
2008, 2010).

3. Functional dependence of the yield of prospective maize hybrids for
various locations in Serbia — Functional dependence of the yield of new and
prospective maize hybrids ZP 600, ZP 606 and ZP 666 was observed in eight
different locations in Serbia with the application of standard methods for a
contemporary maize production (Radenovi¢ etal., 2010).

4. Broader presentation of breeding and seed production properties of new
inbred lines and maize hybrids with erect top leaves — As new maize inbred
lines, with erect top leaves, and prospective hybrids were observed a broader
presentation of relevant breeding, seed production and technological traits,
properties and parameters gained by use of standard methods is given.

5. Chemical composition, physical properties and a structure of grain of
prospective maize hybrids with efficient photosynthetic functions — Methods
used for the determination of the chemical composition, physical properties
and a structure of grain of prospective maize hybrids with erect top leaves were
fully described in previously published papers (Radosavljevi¢ et al,
2000; Radenovic etal., 2010).

RESULTS

1. The measure of the angle and the area of the above-ear leaf — Re-
sults on the measures of angles between the above-ear leaf and the stalk and
the average leaf areas are presented in Table 1. Based on obtained results on the
measures of angles it can be stated that the observed new maize inbred lines
belong to the group of 10-15 recently developed inbred lines with erect top
leaves.

Tab. 1. — The angle of the above-ear leaf and the leaf area of new maize inbred lines with efficient
photosynthesis

Angle of Area of the
Inbred line m:ﬁﬁt Heterotic origin the gb(()lve-ear leaf abovleo-sear I;eaf
y of the inbred* in degrees (x 10° cm’)
group
X 6 X z
ZPPL 218 650 Zemun Polje — Lancaster ~ 22.1° 1.36 391 0.41
ZPPL 318 600 Zemun Polje — BSSS 21.2° 1.15 3.58 0.39

*Studied new maize inbred lines represent good heterotic pairs, they are characterised as good
general combiners for grain yield, they increase well and they are high yielding inbreds
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2. Empirical procedure for photosynthetic fluorescence studies on
the above-ear leaf — The detailed studies on thermal processes of DF of ob-
served new maize inbred lines with erect top leaves were performed. The
thermal curve is a curve that shows the dynamics of changes in the stationary
DF level intensity in dependence on a temperature. The trend of its establish-
ment is most often analogous to changes in the duration in seconds of seg-
ments marked with a, b, ¢, d, e, f, and g, Figure 3, which was determined by
the empirical procedure (Radenovi¢ etal., 2008, 2009, 2010). Monitoring
the course of the thermal curve and the analysis of the duration of certain seg-
ments provided data on the existence of a greater number of critical tempera-
tures (phase transition temperatures) at which greater or smaller structural
and functional changes occurred in chloroplasts and the thylakoid membrane
of observed new maize inbred lines with erect top leaves.

Ly, relative units

. - 0
6 7 8 910111213 141516
Time, min

Fig. 3. — Schematic presentation of the empirical procedure for typical changes in DF intensities
(Lar) on the intact above-ear leaf of the observed new maize inbred lines (solid line) and changes
in temperatures (dashed line): Curve A indicates induction processes of DF, while curve B
encompasses photosynthetic fluorescence thermal processes of DF. Typical temporal segments
(a, b, ¢, d, e, fand g) on the thermal curve B correspond to dynamics of I4; changes at the time
of a DF formation. Conformational and functional changes in chloroplasts and the thylakoid
membrane of observed new maize inbred lines with erect top leaves occur at the interception
points of typical temporal segments

3. The exact temperature dependence of the delayed chlorophyll flu-
orescence intensity for the thylakoid membrane of new maize inbred lines
with erect top leaves — The experimental measures of changes in the station-
ary DF level in dependence on the temperature, ranging from 25 to 60 °C,
were performed. The dynamics of temperature dependence for observed new
maize inbred lines with erect top leaves is presented in Figure 4A and B.
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Fig. 4. — A, B. Changes in the intensity of the delayed chlorophyll fluorescence (Ipf) of thermal
processes in dependence on the effects of temperatures in chloroplasts and the thylakoid
membrane of the intact above-ear leaf of new maize inbred lines with erect top leaves:
ZPPL 218 (A), and ZPPL 318 (B)

4. The Arrhenius plot for the determination of critical temperatures
and conformational changes in chloroplasts and the thylakoid membrane
of the new maize inbred lines with erect top leaves — The Arrhenius plot is
based on the linearization of the exact DF temperature dependence of observed
new maize inbred lines. Critical temperatures (phase transition temperatures)
at which conformational changes occur in chloroplasts and the thylakoid mem-
brane are determined by the application of the Arrhenius plot. Results of the
Arrhenius plot application to new maize inbred lines with erect top leaves are
presented in Figure 5A, B.
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Fig. 5. — A, B. The Arrhenius plot for the determination of critical temperatures (T, °K) and
conformational changes in chloroplasts and the thylakoid membrane of the above-ear leaf of
observed new maize inbred lines with erect top leaves: ZPPL 218 (A) and ZPPL 318 (B)

5. Activation energy and critical temperatures in the thylakoid mem-
brane of the observed new maize inbred lines with erect top leaves — De-
tailed studies on the thermal processes of DF, and especially on the analysis
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of experimental thermal curve, encompassed not only the temperature depend-
ence and the Arrhenius plot, but also the estimation of values of activation
energies (Ea) for critical temperatures (phase transition temperatures) in chlo-
roplasts and the thylakoid membranes of the observed new maize inbreds with
erect top leaves: ZPPL 218 and ZPPL 318. Obtained results are shown in Table 2.

Tab. 2. — Changes in activation energies (Ea) and critical temperatures (t°C) in the course of
thermal processes in the thylakoid membrane of the intact above-ear leaf of studied new maize
inbred lines with erect top leaves

ZPPL 218 ZPPL 318

Ea, kJ/mol t,°C Ea, kJ/mol t,°C
- 27.0 - 335

43.1 29.0 40 38
273 369 7723 53.5
370 43.5 26.09 56.5
425 47.8 50.51 59.3

51.1 499 227.52 —

6. Functional dependence of the yield of new maize hybrids for dif-
ferent locations in Serbia — New and prospective maize hybrids: ZP 600, ZP
606 and ZP 666, are mainly indented for the cultivation in Banat, Srem,
Backa, Macva, and alongside riverbanks in Serbia. The preliminary results on
yields of the stated maize hybrids are presented in Table 3.

Tab. 3. — Yields of new and prospective maize hybrids (t ha™) with efficient photosynthesis in
eight locations of Serbia*

Locations in Serbia™
1 2 3 4 5 6 7 8 Average

Hybrid

X X X X X X X X X

ZP 600 12.8 11.0 11.2 129 11.8 10.6 10.8 13.5 11.8
ZP 606 129 11.6 10.5 12.5 10.9 10.7 104 122 11.6
ZP 666 12.7 10.9 9.5 11.6 10.6 10.0 10.3 12.5 11.0
Results were obtained during 2009, 2010 and 2011
*Locations in Serbia by the ordinal number: 1 — Loznica, western Serbia; 2 — Sakule, southern

Banat; 3 — Smederevo, the Danube region; 4 — Zmajevo, southern Backa; 5 Zarkovac eastern
Srem; 6 — Bato§, mid Banat; 7 — Divos, northern Srem; 8 — Becej, eastern Backa

7. Brief survey of breeding and seed production traits of new maize
inbred lines and maize hybrids with efficient photosynthetic functions —
Observed new maize inbred lines ZPPL 218 and ZPPL 318 have been included
in breeding for the last 2-3 years. Due to it, relevant observations of their total
traits, performances, and parameters are presented in Table 4.
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Tab. 4. — Relevant breeding and seed production traits of new maize inbred lines with efficient

photosynthesis
_ Brief description of breeding, seed production and
Onrd. Name afrf[(ri (iifflmng technological traits of new maize inbred lines
© oL et ZPPL 218 ZPPL 318
1 Heterotic origin Zemun Polje — Lancaster Zemun Polje — BSSS
2 FAO maturity group 650 600
Grain yield ha" in kg
at 14% moisture
3 a) dry land farming 3220+204 4056+265
b) irrigation 4186+255 6045+330
Number of plants ha™
4 at harvest
a) dry land farming 65000 71500
b) irrigation 71500 79400
Inbred tolerance to stress Inbred has a eood
factors such as drought,  Inbred has a good tolerance to &
5 . . tolerance to drought and
high temperature and drought and high temperatures hi
. igh temperatures
the like
Grain propertics Kernel of this inbred belongs to  Yellow-orange kernel of
6 prop dent type and has plenty of an- this inbred belongs to
thocyanins on its flanks semi-dent type
7 % moisture in grain Inbred is harvested at Inbred is harvested at
at harvest 18.00% 22.00%
Inbred has high quality
Inbred has high quality grain grain and hybrids
Is grain suitable for and hybrids developed from this developed from this
8 nutrition of ruminants inbred have also high quality inbred have also high
and nonruminants grain suitable for nutrition of quality grain suitable
ruminants and nonruminants.  for nutrition of ruminants
and nonruminants.
Is the inbred suitable Inbred is very suitable for the Inbred is very suitable
9 for the development development of silage hybrids for the development
of silage hybrids? p gehy of silage hybrids
10 Grain digestibility (%) 81.6 80.44

In the same way, new and prospective maize hybrids ZP 600, ZP 606,

and ZP 666 have already caught attention of experts; hence, it is necessary to
study their overall traits. Results on studied traits of observed new and pro-
spective hybrids are presented in Table 5.

8. Chemical composition and physical properties of new inbred lines

and prospective maize hybrids with efficient photosynthetic functions —
Results on studies of chemical composition and physical properties of new
inbred lines (ZPPL 218 and ZPPL 318) and prospective maize hybrids with
erect top leaves (ZP 600, ZP 606 and ZP 666) are presented in Tables 6 and 7.
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Tab. 5. — Relevant breeding and seed production traits of prospective maize hybrids with efficient
photosynthesis

Ord. Name and defining

Brief description of breeding, seed production and technological
traits of prospective maize hybrids

. f trait
ne o s ZP 600 ZP 606 ZP 666
Grain yield ha™ in kg
1 at 14% moisture 11930 11830 11750
Optimum sowing
2 density and affinity of 58-62000 58-62000 60-65000
hybrids to densities (ha)
Regional distribution ~ Very adaptable, Very tolerant to
of hybrids according  tolerant to drought drought and high res?;igl tat((i)ap;:lgile; ta-
3 to agroecological  and various growing temperatures. Hybrid tion dis tribstionr;n d
characteristics of the ~ conditions of the  has high yields under hieh temperatures
region region conditions of Banat. & p
4 FAO maturity group FAO 580-600 FAO 640-660 FAO 580-600
Descrlptlon of Fhe Medium tall, slender, Medium tall, slender, Medium shor.t,
5 essential hybrid . . . . slender, elastic
) elastic and very firm elastic and very firm .
stalk traits and very firm
Yellow kernel belongs Orange kernel be- Oranee kernel is
General data on the to adenttype,is  longs to a dent type. deepl sge ¢ 1000-Ker-
6 type and quality of of high quality. 1000-kernel weight nel SV Zi ht. i 356.2
grain 1000-kernel mass is 474.6 g. Protein oil con%ent u to~6"/g.
is488.7 g content up to 12%. p o
Tolerates early Tolerates early
Dates of sowing and Tolerates early sow: sowing. Emerges sowing. It prefers
ing, has good emer: excellently under a slightly deeper
7  data on emergence . .. .
gence and early ~ conditions of positive sowing. Has a good
and early growth
growth temperatures. Has a emergence and
good early growth. early growth.
Very adaptable to soil It prefers more fertile
Tolerance, resistance and conditions of crop-  soils and intensive a d\z:egljlz lez(r)anrtoziillﬂl
8 and adaptability ~ ping practices. Toler- cropping practices. cor?ditions "lgoleran?
ant to drought and  Extremely tolerant to to dI‘O{J ht
high temperatures. drought. ght.
Grain filling period It has grain of high It has extremely pro-
is long and dry down quality with protein  nounced stay green
9 suist’;%}i/l igtreff‘:élrzlil]i . is good. Expresses  content up to 12%. It  trait. Stalk is short
y & stay green trait. [t is  is suitable for rumi- and slender hence si-
excellent for silage  nants and nonrumi-  lage mass yield is
production. nants. low.
Proportion ofhorny 3 o sin of high  Grain protein, i.e. oil
floury endosperm is i . .
. s L. quality with protein  content amount to
Grain suitability greater. Grain is content up to 12% 10-11%. i.c. 6%. ro-
10 for the nutrition of  healthy and of high P o 0> Mo V7

11

domestic animals

Grain digestibility
()

quality. It suitable for
ruminants and
nonruminants.

92.47

It is suitable for
ruminants and
nonruminants.

spectively. It is suita-
ble for ruminants and
nonruminants.

92.08 96.65
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Tab. 6. — Chemical composition of new maize inbred lines and hybrids with efficient photosynthesis

Inbred Starch (%) Proteins (%) Oil (%) Crude fibre (%)
ZPPL 218 69.10 9.60 5.79 2.18
ZPPL 318 71.27 10.31 4.91 2.39

Hybrid

ZP 600 73.01 7.76 5.76 1.91

ZP 606 73.48 9.84 5.06 2.23

ZP 666 74.32 9.61 6.10 2.42

Tab. 7. — Physical properties of grain of new maize inbred lines and hybrids with efficient photo-

synthesis
Inbreds TKW* ™ D FI MR HEF SEF
ZPPL 218 341.5 844.1 1.29 23.28 10.5 58.1 419
ZPPL 318 316 811.7 1.28 24.31 12.2 62.3 377
Hybrids
ZP 600 488.0 788.2 1.27 343 12.7 55.8 44.2
ZP 606 474.0 777.0 1.26 48.2 11.3 57.9 59.1
ZP 666 356.0 806.2 1.28 24.5 10.9 42.7 40.0
* TKW = 1000-kernel weight (g), TW = test weight (kg m™), D — density (g cm™), FI — floatation

index (%), MR — milling response (s), HEF — hard endosperm fraction, (%), SEF — soft endosperm
fraction (%)

DISCUSSION

The second half of the 20™ and the first decade of the 21*' century are
characterised by a great success achieved in maize breeding and the produc-
tion of fundamental maize seed, hybrid maize seed of high quality and of
commercial maize. The number of plants per area unit has been increasing
since 1978. This programme was referred to as a “plant density” programme
and it further directly affected the yield increase of high quality fundamental
and hybrid maize seed (Radenovi¢ etal, 1978, 2001 a, b). In addition, a
programme on the development of maize inbred lines with erect top leaves
was established at the same time as the “plant density”” programme. It was consid-
ered that inbreds with the erect top leaves were the closest to the proposed
efficient photosynthetic model (Radenovi¢ et al, 1978; Radenovi¢
and Grodzinski, 1998;Radenovic etal. 2000, 2001a ¢, 2003, 2004a).
The complementary and mass implementation of these programmes led to
very important results in both, maize breeding and the hybrid seed production
(Ivanovi¢ etal, 1995, Trifunovi¢, 1986; Trifunovic etal., 2000;
Dumanovié¢, 1986; Koji¢ and Ivanovié¢, 1986). New and numerous
hybrids for grain and silage were d eveloped and grown on large areas due to
their high yielding potential and the appropriate quality of the plant and the
grain (Duvick, 1984;Russell, 1986; Dumanovic¢, 1986; Hallauer,
1988; Koji¢ andIvanovic, 1986; Ivanovi¢ etal., 1995).
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The special contemporary breeding studies have been performed on top
leaves of maize inbred lines. In recent times, the ear leaves have been particu-
larly observed, but also other top leaves up to the tassel. The most efficient and
the longest photosynthetic processes necessary for the maize plant have been
achieved by these leaves (Radenovi¢ and Grodzinski, 1998). Accord-
ing to the stated, a hypothesis that top leaves (above-ear leaves) achieving the
efficient photosynthesis has been proposed.

This study was an attempt to answer the following questions by using differ-
ent interdependent studies and analyses: (1) were there reliable and dominant traits
of maize inbred lines with erect top leaves by which planned and satisfactory
progress in maize breeding and the high-quality hybrid seed maize production
could be achieved? and (2) which traits should such maize inbred lines have?

The gained results of experimental studies can offer at least a partial
answer to asked questions. The first series of experiments included the measure
of the angle and the leaf area of observed new maize inbred lines with erect
top leaves. The results obtained on these traits (Table 1) classify them into
important breeding and seed production traits (Radenovi¢ et al, 2003,
2004a, b, 2007, 2008, 2010). The second series of experiments encompassed
photosynthetic fluorescence studies on conformational and functional chang-
es in chloroplasts and the thylakoid membrane of the intact above-ear leaf of
new maize inbred lines. The temperature dependence of thermal processes of
DF for the studied maize inbred lines is presented in a form of the empirical
procedure (Figure 3). However, the exact results of the temperature depend-
ence of DF for all new maize inbred lines with erect top leaves are presented
in Figure 4A, B. The presented results show that the temperature dependence
of DF in each of new maize inbred lines with erect top leaves is characterised
by typical intersection points of two segments on the thermal curve (Figures
3 and 4A, B). The first typical point occurred on the intersection of the seg-
ment a and the segment b and it represented the lowest critical temperature at
which the initial change in the DF intensity was observed. The second typical
point occurred on the intersection of the segment b and the segment ¢ and it
was related to a linear monotony with the angle of the increasing part of the
DF intensity curve. Evident changes in the structure of the thylakoid mem-
brane occurred in this region. The third typical point reflected a smaller or a
greater rotundity of DF intensity peaks. The breaking “conformational” changes
occurred in two intersection points of the segments ¢ and d and the segments
d and e. The fourth typical point was related to the linear monotony and the
inclination angle of the declining part of the DF intensity curve. This segment
of the thermal curve bore the last conformational changes that had occurred
in chloroplasts and the thylakoid membrane. These changes can hardly be
described as characters of functioning of a living leaf. The typical intersection
points designated as f and g almost had no physiological role. The analysed
typical intersection points, Figures 3 and 4A, B, can be considered the points
characterising new maize inbred lines with erect top leaves, as these points are
precisely the points of conformational and functional changes in the thylakoid
membrane (Radenovi¢ etal, 2003, b, 2004a, b, 2007, 2008, 2010).
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All critical temperatures (phase transition temperatures) at which even
the slightest conformational changes had occurred in chloroplasts and the thy-
lakoid membranes of new maize inbred lines with erect top leaves were deter-
mined by the Arrhenius criterion and the linearisation of the DF temperature
dependence. The values of critical temperatures in °C, their frequency and
intermediate distance characterise observed new maize inbred lines with erect
top leaves in relation to their tolerance, resistance, flexibility and adaptability
not only to increased and high temperatures, but also to drought(Radenovi¢
et al., 2001a, b, ¢, 2002, 2003). The Arrhenius criterion is based on the exist-
ence of straight lines. Each Arrhenius straight line represents its activation
energy (Ea). The intersection point of two straight lines is designated by a
critical temperature. Results of the Ea values in the inclining and declining
part of the thermal curve are explained by lesser or greater conformational
changes that occur in the molecules of pigments (chlorophyll) in the thylakoid
membrane with the temperature increase. Due to such changes, these mole-
cules become more reactive and thereby gain the additional energy that is
used in the recombining process of the DF occurrence (Table2) (Radenovic,
1994; Radenovic¢ etal., 2001c, 2004a, b).

Presented photosynthetic fluorescence traits of studied new maize inbred
lines with erect top leaves can contribute to more exact, rational and expedi-
tious proceedings of breeding processes and the production of high-quality
hybrid maize seed and commercial maize, which makes these maize inbred
lines exceptionally important.

Achieved results on yields of new and prospective maize hybrids (Ta-
ble 3) should be considered as preliminary ones. According to the descrip-
tion of breeding, seed production and technological traits, properties and
parameters (Table 5), it is obvious that these are stable hybrlds with high
quality grains. However, it is necessary to find appropriate locations for
such hybrids (Banat, Backa Srem, Macva, river valleys...) in which their
full genetic potential of the yield can be used.

Gained results (Tables 6 and 7) present physical traits and the chemical
composition that especially indicate grain quality of new maize inbred lines and
prospective hybrids with efficient photosynthetic functions (Radosavlje-
vi¢ etal, 2000; Radenovi¢ etal, 2010).

A brief survey of breeding, seed production and technological traits of
new inbred lines and prospective maize hybrids with efficient photosynthetic
functions (Tables 4 and 5) completes above presented results and contributes
to the improvement of modern programmes of both, breeding and current
hybrid seed and commercial maize productions.

CONCLUSION

According to obtained results, it can be concluded that the non-invasive
photosynthetic fluorescence method can be used in breeding and the produc-
tion of maize hybrid seed and thereby the estimation of new maize inbred
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lines for tolerance, resistance, flexibility and adaptability to increased and high
temperatures, as well as, to drought can be performed. The application of the
stated non-invasive method resulted in the determination of numerous traits,
properties and parameters of the photosynthetic apparatus of new inbred lines
and maize hybrids with efficient photosynthetic functions, such as:

» Temperature dependence observed within the range of 24°C to 60°C,

* The critical temperatures at which greater or smaller structural and func-
tional changes occur in chloroplasts the thylakoid membrane were deter-
mined,

* Values of activation energy (Ea, kJ/mol ) alongside straight lines before
and after occurrence of critical temperatures in the thermal chlorophyll
DF process were determined,

+ Different monotonies of the intensity in the inclining part of the thermal
curve was present; these monotonies point out to unequal tolerance, re-
sistance, flexibility, stability and adaptability of new maize inbred lines
to increased and high temperatures, as well as, to drought,

* It was shown that observed, new inbred lines maize hybrids have a dom-
inant property of efficient photosynthetic functions,

* A numerous relevant breeding, seed production and technological traits
of new maize inbred lines and hybrids with efficient photosynthetic func-
tions were presented,

* A functional dependence of yields of prospective maize hybrids for eight
locations in Serbia was established,

* It was established that commercial maize of studied new and prospective
hybrids is of high quality that provides its diverse utilisation.
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I'EHETUYKE U XEMUNICKO-OU3UYKE ITPEAVCIIO3ULIMIE HOBUX
JIMHUJA 1 XUBPUA KYKYPY3A CA EODMKACHUM ®OTOCHUHTE30OM

Yenomup H. Panenosuh’? , Munomup P. CDI/IJ'II/IHOBI/Ih Munuia M. Paz(ocaBJLeBth
’Kusora B. JOBaHOBI/Ihl }KeJLKOC KaI/ITOBI/Ih' MnoaparM TOJ'II/IMI/Ip Huxona M.
I'punh’, MI/IJ‘IOIHC Ipesap', MI/InaHZ[ CrepanoBuh'

' MuctuTyT 33 KyKYypy3, 3emyHs Iome, Cnobonana bajuha 1, 11085 Beorpan, 3eMyH,
Cpbuja
? dakynTer 3a pusnuKy xemujy, Yausepsutet y beorpany. CTyaenTcku Tpr 12,
11000 beorpan, Cpouja

Pe3nme

[IpoydaBane cy jBe HOBe MHOpen JuHUje KyKypy3a: ZPPL 218 i ZPPL 318 u ca
BUMa CTBOPEHH IepcrieKTuBHU xubpuan ZP 600, ZP 606 u ZP 666 3a koje je noka3za-
HO [1a IOCE/yjy JOMUHAHTHO CBOjCTBO €(pUKACHOT (hOTOCHHTETHYHOT MOJIENA IITO Ce
YCIIEIIHO KOPHCTH y OIIEMEHUBAlbY, CABPEMEHUM TEXHOJIOTHjaMa 3a MPOU3BOJIIbY
XHOPH/IHOT CEMEHa ¥ MEPKaHTUIIHOT KyKypy3a. OBoj KOHCTAaTaluj1 Uy y IPHIIOT 13-
JIOKEHHU PE3yJITATH O YCIIPABHOM TIOJIOKAJy BPIIHUX JIUCTOBA HOBUX MHOpE TMHUja
KYKypy3a U 0 QOTOCHHTETHYHO-()ITyOPECIICHTHUM IT0Ka3aTeJbIMAa: IIPOMEHH HHTCH3H-
TeTa 3aKacHele GIyopecleHInje XI0pohuiIa y ’beHOM TOKY B TUHAMHIIH, ApEHU]Y-
COBOM KPHTEPHUjyMy 3a oipehrBame KpUTHUHUX TeMIIepaTypa (TeMiepaType Gpa3Hux
Tpenasa) U 0 eHEPIUjH aKTHBALM]E KA0 MEPH CTPYKTYPHHX IIPOMEHA Y XJIOPOILIACTUMA
¥ TUJIAKOMIHOj MeMOpaHu. ¥ pajly ce aHann3upa CTpyKTypa 3pHa yKibydyjyhn u me-
roee (PU3NYKE M XEeMH]jCKe TIOKa3aTeJbe HOBUX HHOpPE JIMHUja U XUOpHUIa KyKypy3a.
Hcro Tako, y pany ce pazMarpajy peleBaHTHa CEJICKI[OHAPCKA, CEMEHAPCKA M TEXHO-
JIOIITKA CBojCTBa, KapaKTEePUCTHKE U IMapaMeTpyd HOBUX WHOpEN JIMHHja U XUOpHa
KyKypy3a. YKyITHO U3JI0)KEHH PE3YIITaTH MOKa3yjy Ja Cy CBOjCTBA HOBUX MHOpPeE Jn-
HUja 1 XMOpKa KyKypy3a 3aCHOBaHA Ha PUPOAH CTPYKTYPHUX U (yHKIMOHATHAX
IPOMEHA, KOje CE OMIPaBajy y XJIOPOIIACTUMA M THIAKOUHOj MEMOPaHH Kao  Ha
MIPOrPECUBHUM e(DeKTHMa Y MOJIEPHOM OILIEMEHUBAbY, CABPEMEHO] TPOU3BOIHH XHU-
OpHIHOT CeMEHA M MEPKaHTUIIHOT KYKypy3a.

KJbYUYHE PEUYMU: 3akacHena ¢uryopecueHiyja xiaopoduina, Zea mays L., 3pHo,
JUHU]a, JINCT, TUJIAKOUHA MeMOpaHa, POTOCHHTETUYHHU MOJIEN, XUOPU T
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VARIABLE MECHANISMS OF ACTION OF LITHIUM
DURING GENERATING OF MEMBRANE POTENTIAL
OSCILLATIONS ACROSS THE EXCITABLE MEMBRANE
OF THE NITTELA CELL"™

ABSTRACT: This study presents results on variable mechanisms of lithium trans-
port processes during generating of membrane potential oscillations across the very excit-
able membrane of the Nittela cell. Generating of several classes of oscillations, single and
local impulses of the membrane potential, were presented in dependence on effects of a
high LiCl concentration (10 mM), with which the cell membrane is very excited. Results on
membrane potential oscillations are presented, and then some of oscillogram parameters
were displayed. The assertion is that oscillations of the membrane potential are caused by
total oscillatory transport processes: Li*, K', Na” and CI across the very excitable cell mem-
brane. The paper presents the hypothesis on mechanisms of oscillatory transport processes
of ions (Li, Na, K and Cl) expressed over different classes of oscillations, single and local
impulses of the membrane potential across the excitable membrane of the Nittela cell.

KEY WORDS: excitable membrane, lithium, membrane potential, Nittela cell, oscil-
lation parameters, oscillatory transport

INTRODUCTION

General information on lithium — Lithium is alkaline earth metal,
which occurs in nature in the form of different minerals or ions in minerals or
sea water (140-270 ppb, parts per billion) (Crichton, 2008). Lithium is
found in trace amounts in biological systems lithium. Furthermore, lithium in
low concentrations (69-5760 ppb) is found in plants, planktons and inverte-
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brates. Almost all tissues and tissue fluids of vertebrates contain lithium (21-
763 ppb). Marine organisms have tendency to accumulate lithium in greater
concentrations (Chassard-Bouchaud et al, 1984). Its role within bio-
logical systems and under physiological conditions has not been yet suffi-
ciently clarified. Recent nutritional studies on mammals show that the pres-
ence of lithium in the rate of 1 mg per day affects health of organisms, which
suggests that lithium could be classified as an essential biomicroelement. It
was observed that a low-dose lithium uptake promotes longevity in humans
and metazoans (Zarse et al., 2011). In medicine, lithium in the form of Li-
carbonate or Li-citrate, is used to treat bipolar disorder (Ghasemi et al,,
2008, 2009, 2010, Baldessarini etal., 2006). In industry, lithium is used
in the manufacture of ceramics and glass resistant to high temperatures, and
in the production of lubricants resistant to high temperatures, as well as, in the
production of Li-ion batteries (Ebensperger etal., 2005).

Lithium-oscillations of the membrane potential — The method of re-
cording biopotentials by means of microelectrodes is being used to study a
variable mechanism of action of lithium during generating of membrane po-
tential oscillations, and indirectly during the inducement of the oscillatory
lithium transport across the excitable membrane of the Nittela cell (Voro -
biev etal, 1967, 1968). A rhythmic fluctuation of the membrane potential was
recorded by the minimum improvement of this method (Radenovi¢ etal,
1968). However, only in 1976, some bioelectric responses to the membrane of
the Nittela cell (change in y,,, membrane oscillations and single impulses) in-
duced by lithium concentrations were registered for the firsttime (Radenovié,
1976). Somewhat later, typical oscillations y,,, were registered (Radenovi¢
and Penc¢i¢, 1970), and then oscillations y,, caused by monovalent cations,
among which Li" had also been present, were registered (Radenovi¢ etal.,
1977). The Nitella and Chara (freshwater green algae of the family Characeae)
were used as the object of studies on membrane potential oscillations induced
by lithium. The greatest number of experiments with actions of lithium was
performed on the Nitella mucronata cells. These cells are large (diameter: 0.6-1.0
mm, length: 40-80 mm) and they are suitable for bioelectrochemical and electro-
physiological studies. Today, the stated objects are considered the conventional
model object for studies of complex membrane-transport processes (Vuksa -
novic etal, 1998, Radenovi¢, 2001, Radenovi¢ etal., 2006).

Results obtained in scarce previous studies are not sufficient to develop
a complete and complex idea of the oscillatory transport of Li" across the very
excitable membrane of the Nitella cell. Some new issues related to oscillatory
membrane processes arose. It was assumed that Li" was their inevitable inducer,
but not the only (Damjanovi¢ and Radenovi¢, 1971, Radenovié
and Vucinig, 1976, 1985, Radenovi¢, 1985a). New issues are primarily
related to various oscillations of transport processes caused by effects of
shocking levels of lithium ions (Radenovi¢ etal., 1977, 2006).

The special attention in this study was paid to variable mechanisms of
lithium transport processes during generating oscillations vy, across the very
excitable membrane of the Nitella cell.
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MATERIAL AND METHODS

Plant objects — The experiments were performed on cells of freshwater
alga Nitella mucronata. These cells are large (diameter: 0.6-1.0 mm, length:
40-80 mm) and they are suitable for bioelectrochemical and electrophysiolog-
ical studies. Growing conditions, object preparations, treatment prior and dur-
ing measuring of y,, were described in previously published papers (Rade -
novi¢ andPenci¢, 1970,Radenovic, 1974, Radenovi¢ and Vudci-
ni¢, 1976, Radenovic¢ etal, 1977). It is generally accepted that these cells
represent a classical model system for diverse studying on membrane-trans-
port processes (Radenovic, 1982, 1985a, 1985b, 2001, Vuksanovi¢ et
al., 1998, Radenovic etal., 2005, 2006).

Method — The measurement of rhythmic and membrane bioelectric sig-
nals: single impulses, sequences of impulses and different forms of membrane
potential oscillation (y,,, mV) was performed after the method with a micro-
electrode technique, which was previously described in principle and details in
studies carried out by Radenovi¢ and Penci¢, 1970, Radenovig,
1974,Radenovi¢ and Vucini¢, 1976, Radenovi¢ etal, 1977, (Fig. 1).

REC

REC

vACUOLE
CELL WALL

Fig. 1. — Schematic diagram of the method of measurement of the membrane potential across
the Nitella cell applying the microelectrode technique: ME; — microelectrode in the vacuole,
ME, — microelectrode in the cell wall, RE — reference electrode, A; and A, — amplifiers,
REC — recorders.
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RESULTS

The initial measurement of the equilibrium resting membrane potential
(vm, mV) is generally accepted as a rule, for bioelectric (bioelectrochemical
and electrophysiological) measurements across membranes of the Nitella cell.
If its value ranges from -80 mV to -150mV the experiment on the membrane of
the Nitella cell can be continued. It should be known that the value of the uni-
form resting membrane potential in the Nitella cell depends on a physiological
state of the cell, growing conditions, age, as well as, on the season (Radeno -
vig, 1974).

There is a possibility to observe different classes of membrane potential
oscillations, single and local impulses within numerous bioelectric studies
(Radenovic, 1985b). In order to recognise the oscillatory response easily
the following is given:

* Local impulse can occur in the initial part of the oscillation, but it can be
clearly pronounced and easily registered.

+ Single impulse can be pronounced more often and more regularly and
can simply be registered.

* Sequences of single impulses occur often and they are simply registered.
In literature, they are referred to as membrane potential oscillations.

* It is shown that membranes of the Nitelle cell are capable, under effects
of selected stimuli, to generate local and single impulses and repetitive
membrane potential oscillations (Radenovié¢ and Penci¢, 1970,
Radenovi¢ andVucini¢, 1976, Radenovic etal, 1977).

This paper presents four examples of Li-oscillations of the membrane
potential.

1. Instantaneous generation of lithium-oscillations in the direction of
membrane potential depolarisation

Generation of lithium-oscillations in the direction of depolarisation of
the membrane potential is given in the form of six different classes (Fig. 2.1-
2.6). Their generation is explained by the effects of the concentration gradient
of lithium (10 mM), sodium (1 mM), and potassium (0.1 mM). Furthermore,
the electrochemical potential gradient and the electric potential gradient also
affect the generation of lithium oscillations. They induce the formation of a
strong electric field that pulls out the ions (Li, Na and K) and in such a way, their
transport is provided. The intensity and dynamics of the overall transport
processes of the ions (Li, Na, and K) are significantly affected by the nature
of movements of active molecules (proteins, lipids and pigments): rotational,
flip-flop and lateral. When the membrane is very excited, the mentioned types
of movements of active molecules and the effects of stated gradients establish
the interdependence of processes that affect six different classes of oscillations.
Therefore, the interdependence of processes of competitiveness of ions (Li,
Na, and K) in the overall transport processes, the dominance of certain types of
movements of active molecules and the very excitable membrane, determine
parameters and form of six classes of membrane potential oscillations.
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Fig. 2.1-2.6. — Instantaneous generation of lithium-oscillations in the direction of membrane po-
tential depolarisation triggered off by the exchange of the standard solution for the LiCl solution
of the shocking concentration of 10 mM.

Symbols: standard solution (SR: 0.1 mM KCI + 1.0 mM NaCl), y, — equilibrium membrane po-
tential prior to oscillating, y, — equilibrium membrane potential generated by effects of Li after
oscillating, y,s — class of membrane potential oscillations established by effects of shocking LiCl
concentration, arrows — indicate the moment when SR was replaced with LiCl solution of the
shocking concentration. This Fig. shows six different classes of membrane potential oscillations.

The stated classes of Li-oscillations of the membrane potential are char-
acterised by non-standard parameters (Tab. 1).
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Tab. 1. — Non-standard parameters of lithium-oscillations in the direction of membrane potential
depolarisation

Fioures Non-standard parameters W,
desiggnations ¥ k2! Number of Duration of Type of
impulses oscillation oscillation
Fig. 2.1. -155 | -110 10 shorter than standard symmetric damped
Fig. 2.2. -160 -60 10 shorter than standard | unsymmetric damped
. within limits symmetric /
Fig. 2.2 13555 18 of standard unsymmetric damped
Fig. 2.4. -120 -40 28 longer than standard unsymmetric damped
Fig. 2.5. 150 30 16 somewhat shorter than | irregularly — symmetric
standard dumped
. somewhat longer .
Fig. 2.6. -90 -30 14 than standard differently damped

2. Delayed generation of lithium-oscillations in the direction of mem-
brane potential depolarisation

Delayed generation of lithium-oscillations in the direction of membrane
potential depolarisation is presented in the form of three different classes (Fig.
3.1-3.3). They are affected by concentration gradients of competitive ions (Li,
Na, and K) in transport processes. The certain classes of membrane potential
oscillations (v, mV), (Fig. 3.1-3.3) appear when dominance of particular types
of movements of active molecules (protein, lipids and pigments) occur. A
gradual generation of the equilibrium membrane potential (y;) in the direction
of its repolarisation (Fig. 3.3) precedes the occurrence of membrane potential
oscillations. It is believed that Na" causes such generation of ;. However,
oscillations are different from all three classes of membrane potential oscilla-
tions (y,, mV), (Fig. 3.1-3.3).

These classes of lithium-oscillations of the membrane potential (Fig. 3.1-3.3)
can be analysed through non-standard parameters (Tab. 2).

Tab. 2. — Non-standard parameters of delayed generation of lithium-oscillations

Figures Non-standard parameters
designations ! 2 Number of ]?urgtlon Of. Type of oscillation
impulses | oscillation, (min)

Fig. 3.1. 95 -60 16 ] 1rregular1c}l/ — unsymmetric
umped

Fig. 3.2. -120 -55 20 15 unsymmetric dumped

Fig. 3.3. -100 -60 ] 10 1rregu1ar13/ — unsymmetric
umped
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Fig. 3.1-3.3. — Delayed generation of lithium-oscillations in the direction of membrane potential
depolarisation triggered off by the exchange of SR for the LiCl solution of shocking
concentration (10 mM).

Symbols are the same as in Fig. 2.1-2.6. This Fig. shows three different classes of membrane
potential oscillations.
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3. Instantaneous generation of lithium-oscillations in the direction of
membrane potential repolarisation

Generation of lithium-oscillations in the direction of membrane potential
repolarisation rarely occurs and it is presented in Fig. 4. Basically, the expla-
nation of this class of membrane potential oscillations is identical as in Fig.
2.1-2.6 and Fig. 3.1-3.3. Different physical and chemical conditions occurring
in the very excitable membrane lead, not so infrequently, to interdependence of
various processes that move, some one way and some in the opposite direction.
Such a state of interdependent processes refers to both, transport processes of
ions (Li, Na, and K) and frequent changes in types of movements of active
molecules, flrst of all protelns Bearing in mind herein stated, it is possible to
understand ‘anomalies” occurrlng during generation of y,, and in the case of
specific oscillation s presented in Fig. 4.

o 5 1o 15 Wmin)
| T T
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Fig. 4. — Instantaneous generation of lithium-oscillations in the direction of membrane potential
repolarisation triggered off by the exchange of SR for the LiCl solution of the shocking
concentration of 10 mM.

Symbols are the same as in Fig. 2.1-2.6. This Fig. shows one class of membrane potential
oscillations.

Lithium-oscillations in the direction of membrane potential repolarisation
(Fig. 4) have the following non-standard parameters: y; = -120 mV, y, =-130 mV,
number of impulses = 5, duration of lithium-oscillation = 7 min and the type
of lithium-oscillation is irregular, unsymmetric and undamped.

4. Instantaneous generation of lithium with the unaltered level of mem-
brane potential prior to and after oscillating

Generation of lithium with the unaltered level of membrane potential prior
to and after oscillating extremely rarely occurs and it is presented in Fig. 5.

Lithium-oscillations with the unaltered level of membrane potential prior
to and after oscillating (Fig. 5) was triggered off by the exchange of SR for the
LiCl solution of a shocking concentration and has the following non-standard
parameters: y; = -100 mV, y, = -100 mV, number of impulses = 8, duration of
lithium-oscillation = 4 min and the type of lithium-oscillation is less regular,
unsymmetric and damped.
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Fig. 5. — Instantaneous generation of lithium with the unaltered level of the equilibrium
membrane potential prior to and after oscillating triggered off by the exchange of SR for
the LiCl solution of the shocking concentration of 10 mM.

Symbols are the same as in Fig. 2.1-2.6. This Fig. shows one class of membrane potential
oscillations.

DISCUSSION

Discussion on general information on lithium — A molecular mecha-
nisms of effects of lithium are still insufficiently clarified (Klein and
Melton, 1996). According to its ionic radius Li" is the most similar to Mg
ion, which suggests its possible competition with the activities of Mg ion. It is
considered that Li ion can affect inactivation of enzyme GSK3f, which can
cause resetting of the circadian clock in the brain (Y in et al., 2006). Re-
cently it has been suggested that lithium could interfere with NO regulatory
pathway, which has a key role in the nervous system (Ghasem i etal, 2008.).
It was also shown that lithium could interfere with inositol phosphatases, i.e.
could inhibit inositol monophosphatase (Einat et al., 1998.). Besides, it is
considered that the Li ion interferes with the transmembrane transport of
monovalent and bivalent cations of nerve cells due to its similarity with them
(Na, K and Mg, Tab. 3) (Lassalles etal., 1981).

Tab. 3. — Physical and chemical characteristics of Li, K, Na and Mg

Characteristics Li K Na Mg
Atomic radius (A) 1.33 2.03 1.57 1.36
Tonic radius (A) 0.60 1.33 0.95 0.65
Hydrated radius (A) 3.40 2.32 2.76 4.67
Polarizing power (z/r?) 2.80 0.56 1.12 2.05
Electronegativity 1.0 0.80 0.9 1.0

Discussion on studies presented in this paper. — Results obtained on
oscillatory bioelectric signal (local impulses, isolated single impulses, se-
quence of local and single impulses and typical oscillation of the membrane
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potential), presented in this paper, are only a smaller part of our long-term
studies on total membrane potential oscillations, and indirectly on oscillatory
transport of ions (K, Na, Ca, Li, and Cl) across excitable cell membrane (R a -
denovig, 1982,1985a, Vucinic etal., 1987, Vuleti¢ etal., 1985, 1987).
This is especially true for lithium-oscillations of the membrane potential,
which are very specific and as such give the possibility to analyse a number
of questions to which answers are not yet known in detail.

Some parameters of lithium-oscillations of the membrane potential have
already been studied (Radenovi¢ etal., 1977, Radenovi¢, 1982, 1985a,
1985b). However, they should be mentioned considering that there is a possi-
bility to establish the analogy between oscillations in physics and biology
(Vuksanovic¢ etal, 1998, Koljs et al., 1993). These parameters are:
basic level of the membrane potential oscillation, impulse spike potential (the
level up to which a membrane is depolarised during generating single or suc-
cessive impulses and the complete oscillation), amplitude of single or succes-
sive impulses generated during the membrane potential oscillation, the rela-
tionship of the amplitude of one impulse with the amplitude of the following
or previous impulse in the selected membrane potential oscillation, impulse
interval (the duration between two successive impulses) and other standard
parameters given in Tab. 4 (Radenovi¢ etal, 1977).

Tab. 4. — Standard parameters of membrane potential oscillations induced by effects of standard
concentrations of Li, Na and K on the membrane of the Nitella cell

Tons Osc_illatiop Number of Impulse F.requen.cy Damping
duration (min) impulses amplitude (mV) |  (imp/min) factor
Li' 11.7 13 39+14 1.4440.6 1.195
K 1.9 6 39+19 3.62+1.4 2.153
Na* 24.1 24 54416 1.04+0.5 1.081

In addition, attention should be paid to issues such as the kinetics of sin-
gle impulses and the kinetics of the complete oscillation of the membrane
potential. The important issues are the character of occurrence and behaviour
of rhythms of bioelectric signals (Damjanovi¢ and Radenovi¢, 1971,
Radenovi¢ andVucini¢, 1976, Vucini¢ etal., 1987), but also effects
of concentrations of selected ions on generating membrane potential oscilla-
tions (Vuletic etal., 1985, 1987). The above-mentioned issues and param-
eters characterising membrane potential oscillations are directly dependent on
transport processes occurring across the very excitable cell membrane
(Radenovic, 1998).

As it is known, systems with one or two degrees of freedom are the basis
for studying the mechanism of the membrane potential. Furthermore, different
types of movements of lipids, proteins, pigments and other complex-bound
structures contribute to the mechanism of the total transport processes across
the very excitable cell membrane (R adenovic, 1998). These types of move-
ments within the very excitable membrane can be as follows: lateral movement
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(typical for lipids and proteins), rotational movement (typical for proteins spe-
cialised for the ion transport) and so-called flip-flop movement (typical for
lipids and proteins that regulate the ion transport from one side of excitable
cell membrane to other).

When the degree of excitability of the cell membrane is higher, then the
variable types of movements of active molecules (lipids, proteins and other
molecules) are more significant in their intensity, dynamics and diversity,
which affects the total ion transport processes (Koljs etal., 1993, Rade-
novi¢, 1998), especially lithium transport processes (Radenovi¢, 1976,
Radenovi¢ etal., 1977, 2005, 2006).

As it is known, the transport of ions (including lithium) across the very
excitable cell membrane is characterised by passive and active ion transport
processes. Diffusion is considered to be a dominant bearer of passive transport
processes in the very excitable membrane. It is expressed as a simple, limited,
and facilitated diffusion. It is clear that there are at least three promoters of the
passive ion transport: concentration gradient, electrochemical potential gradient,
and electric potential gradient.

Obtained results, presented in this paper, indicate that lithium-oscilla-
tions in the direction of membrane potential depolarisation occurs under par-
ticular conditions (Fig. 2.1-2.6, Tab. 1). Moreover, delayed generation of lithi-
um-oscillations in the direction of membrane potential depolarisation occurs
(Fig. 3.1-3.3; Tab. 2). Generation of lithium-oscillations in the direction of mem-
brane potential repolarisation also occurs (Fig. 4). It is interesting to mention
that generation of lithium with the unaltered level of the membrane potential
also occurs prior to and after oscillating (Fig. 5).

CONCLUSION

Based on the gained results and the discussion, as well as, our overall
information on oscillatory processes induced by Li, K, Na, NH4 and Ca, we
present the following hypothesis:

* Lithium-oscillations (local and single impulses and other classes of 0s-
cillations) of the membrane potential occur when the cell membrane is very
excited. Such a membrane, as a rule, is accompanied by the activities of ions
K', Na“, Li"and CI', which are not constant under such conditions in subcel-
lular components (vacuole, cytoplasm, and cell wall).

* The usual ion transport processes are disturbed under effects of lithium:
first, diffusion (concentration gradient is altered), electrodiffusion (electro-
chemical potential gradient is changed), biocurrents (electric potential gradi-
ent is altered), and fluid flow (hydrostatic pressure gradient is modified). The
mentioned dynamic states determine the degree of excitability of the very
excitable cell membrane. Hence, when the cell membrane is very excited, then
local, single and complete membrane potential oscillations inevitably occur.
These oscillations occur in the form of certain classes, but also in the form of
different irregularities (chaos). At the same time and under such conditions,
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oscillating of active proteins starts in the cell membrane, and they rhythmically,
regularly, irregularly (state of chaos) induce the transport of ions, Na, K and Li,
across the very excitable membrane, which takes an oscillatory regime. In such
a state, transport processes of ions, K, Na and Li, adopt a co-operative character,
which induce conformational changes of active ion channels that stretch and
contract within the oscillatory regime, and thereby rhythmically modify trans-
port ability of the excitable cell membrane for ions of K, Na and Li.

* Under such conditions, oscillatory changes occur in cell supplying, and
thereby in supplying the very excitable membrane with energy: electric, osmotic
and chemical.

» Moreover, the bonds between membrane transport processes and metabo-
lism are disturbed, i.e. weakened. This is particularly related to weakening of
the self-regulation of the matter within each cell.
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I[TPOMEHJBMBU MEXAHW3MU AEJIOBABA JINTUTYMA ITPU
HACTAJABY OCHUJTALIMIA MEMBPAHCKOI IIOTEHLIUJAJIA HA
INOBYBEHOIJ REJIMJCKOJ MEMBPAHU NITELLE

Yenomup H. Panenosuh'?, Munom B. Bemancku®, Teopruj B. Makcumos®* u
Jparomup P. Cranucapbes?

'Buodusnuxa naboparopuja, UHCTUTYT 3a KyKypy3, 3emyH Ilosbe, Beorpan, Cpbuja
“DakynTeT 3a pusnuky xemujy, YausepsuteT y beorpany, beorpan, Cpouja
*UucTUTYT 3a onmmTy U husnuKy xemujy, beorpan, Cpouja
“Karenpa 3a 6uodusky, buonomku daxynreT, MOCKOBCKH ApKaBHH YHHBEP3UTET “M.
B. JlomonocoB”, Mockga, Pycuja

Pe3nme

VY 0BOM pasy Cy M3JIOKEHH pe3yJTaTH MpoyYaBamka MPOMEHIbUBOT MEXaHU3Ma
TPAHCIIOPTHHX IpOIIeca JINTHjyMa, IPU HACTajarby OCIIMIIAII]a MEMOPaHCKOT TOTCH-
nujaia, Ha ekcTpeMHo noOyhenoj memOpanu henuje Nitelle. [lokazaHo je HacTajame
HEKOJIMKO KJ1aca OCIHJIAIN]a, 0jeAMHAYHUX 1 JIOKATHAX MMITYJICa MEMOpPaHCKOT I10-
TEHIIMjaJla, Y 3aBUCHOCTH O]l JieJioBama mokanTHe koHneHTpanuje (10 mM) LiCl, ca
KojoM ce hennjcka MmemOpana ekcrpeMHo nodyhyje. Jlajy ce pesynraru ocruioBama
MeMOpaHCKOT TIOTeHIIMjalla, a 3aTHM Ce U3JIaKy HEKH O mapaMeTapa ocLujorpama.
TBpau ce na je ocunaoBame MEMOPAaHCKOT MTOTEHIINjaa YCIOBJEECHO YKYITHUM OCIIH-
JaTopHuM TpaHcnoptHuM mpouecuma: Li', K, Na™ u Cl” kpo3 ekcTpeMHo noGyheny
henujcky memOpany. M3noxkeHa je Xumoreza o0 MEXaHU3MUMa OCIUJIATOPHUX TPaH-
cioptHuX npoueca jona (Li, Na, K u Cl) uzpaxena npexo pa3au4uTux Kjaca OCIHa-
11ja, TojeANHAYHHX 1 JIOKAJTHIX UMITyJICa MEMOPAHCKOT MTOTEHIHjaia KPo3 EKCTPEMHO
nodyheny memOpany henuje Nitelle.

KJbYYHE PEYM: nutujym, MeMOpaHCKH IOTEHLUjaJl, OCLHIIATOPHU TPAHCIIOPT,
rnapameTpu OoClHIOBama, modyhena memoOpana, henuja Nitelle
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INVESTIGATION OF SAND IN PIPING

ABSTRACT: For the investigation of the grain size distribution of the material
washed out from the piping, we used 20 samples originating from different places on the
Danube and the Tisza rivers. The grading characteristics of these samples were investigated
based on selected grain sizes and the uniformity of gradients. Based on the investigations it
has become possible to identify which grain size fractions are likely to be washed out, and
how to characterize those fractions. Based on the grain size distribution curves it has been
made possible to define the boundaries of the zone susceptible to piping.

The zone limits of granular soils liquefied by earthquakes and the zone limits of the
soil out washed from piping are very similar. This apparent correspondence already for-
merly raised the hypothetic question of whether piping occurring during high flood can be
simulated by shape to similar surface liquefaction phenomena experienced during earth-
quakes, as in both cases a volcanic cone is formed through the crater of which water is
constantly issuing, dragging away solid particles.

KEY WORDS: coefficient of uniformity, grain size distribution, hydraulic failure,

piping

INTRODUCTION

This paper places particular emphasis on a special feature in the protec-
tion against piping directing attention to some important aspects of flood de-
fense and to the need for going into a deeper study of certain details of the
phenomenon of piping. Undoubtedly, we know a great deal more about piping
than we did just 30 years ago, nevertheless investigations need be continued.
Research has been pursued in various fields in an attempt to find answers to
some peculiar but very real problems, as follows:

* In the case of recorded actual piping’s the mean hydraulic gradient only
reached a value that was as low as less than one fifth of the allowable
value, yet failure conditions did occur (Na gy etal., 1994).

* Grading entropy shed light on soils prone to piping from the theoretical
side(LOérincz, 1986,1993,Lérincz etal, 2004, Imre etal, 2008),
but the practical approach revealed that in the vicinity of all the piping’s
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a particular layer prone to piping failure invariably occurred in the strat-
ified soil (Lérincz, Nagy, 1995, 2010).

* The giant piping on the Tisza’s (Fig. 1) in year 2000 raised a number of
questions since piping occurred in the embankment (and not in the subsoil).
This phenomenon formerly not heard of is quite possible provided that the
material of the embankment is sufficiently loose and the fill contains a lay-
er prone to piping.

» Parallel to what was mentioned above a remarkable development can be
observed in international experience, in numerical modeling and in the
study of transient phenomena of discreet particles to provide theoretical
backing for flood phenomena.

Fig. 1. — The giant piping on the Tisza’s in year 2000

Formerly little attention was paid to the investigation of material washed
out of a piping (N a gy, 2000). The grain size distribution of the washed out
material was not tested, nor was it compared to the grading of surrounding
soil layers. Now, an important question arises: Is it the entire mass of a soil
layer or only certain fractions of the soil that are washed out? During the high
flood on the Danube in 2006, samples were taken from a number of piping.
Tests on these samples form the backbone of the present paper.
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INVESTIGATION SITES

The summary of investigated sites grouped according to the rivers and to
the years of occurrence is contained in Table 1. Materials obtained from 12
piping by the river Tisza, 7 by the Danube and 1 by the river Sajo were tested.
Based on these samples the effect of a number of factors has also been re-
vealed at the various sites.

Do grading curves of samples taken from piping maximum a few meters
away from each other (see e.g. Fig. 3) show a different picture? Piping located
close nearby (samples 5 — 8 and 17 — 18 in Table 1) are supposed to give iden-
tical grading curves; yet testing experience indicates a difference in the shape
of the grain size distribution curves (Graph 1).
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Graph 1. — Grain size distribution of two pipings located close to each other
(Soils No. 17-18 in Tables 1 and 2)

Another question also arises as to what differences, if any, can be be-
tween the grain size diagrams of two samples taken from different parts of the
same piping (Samples No. 2-3, 5-6, 14-15 and 19-20 respectively in Table 1).
It can be said that a difference does exist. Finer particles are conveyed and
then deposited by the water farther away from the piping. Therefore, at the
central part where water is issuing in concentrated flow sedimentation of the
coarsest grains is expected, while finer grains settle at gradually increasing
distances. As can be seen in Graph 2, the difference between the grading
curves can be relatively great.
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Graph 2. — Grain size distribution curves of two samples taken from different parts of the same
piping (Soils No. 19-20 in Tables 1 and 2)

Fig. 2. — Piping (partly behind the car) at the edge of an ox-bow near Bolcske (2006), with
a difference in elevation of minimum two meters between ground level at the ox-bow and
ground level at the adjacent high bank (Areas No. 9-10 in Tables 1 and 2)
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It is a common premise that any test is worth as much as the reliability of
the underlying data. In geotechnics, determination of the grain size distribu-
tion is a routine test and as such can be relied upon for correctness of test
results. Yet, any theoretical conclusion is of no use if the determination of the
grain size distribution curve is unreliable. The laboratory tests referred to in
this set of tests were carried out at different laboratories, though the majority
of the samples were tested at the Geotechnical Laboratory of the Budapest
University of Technology.

Tab. 1. — Sites of piping investigations

Number | Year River, location Remarks References
1 1998 Tisza, right bank Tivadar, inner side Nagy (1999)
2 1998 Tisza, right bank Tivadar, outer side Nagy (1999)
3 1998 Tisza, right bank Dombrad Nagy (2003)
4 2006 | Duna, right bank 12+150 Abda
5 2006 | Duna, right bank. 41+206 Dombor, small piping
6 2006 | Duna, right bank 414206 | Dombor, small piping, crater
7 2006 | Duna, right bank 41+206 Dombor, big piping
8 2006 | Duna, right bank 41+206 Dombor, big piping, crater
9 2006 | Duna, right bank 79+420 Bolcske, ox-bow
10 2006 | Duna, right bank 79+420 Bolcske, ox-bow
11 2006 | Tisza, right bank 61+075

12 2006 | Tisza, right bank 71+300

13 2006 Tisza, left bank 13+250 Tiszasas, marshy bushland
14 2006 Tisza, left bank 13+580 Tiszasas, edge of crater
15 2006 Tisz, left bank 13+580 Tiszasas, centre of crater
16 2010 Sajo, left bank 6+266

17 2010 Tisza, Millér Small piping

18 2010 Tisza, Millér Large piping

19 2010 Tisza, Tiszakiirt Outer part of crater

20 2010 Tisza, Tiszakiirt Inner part of crater

SHAPE OF THE GRAIN SIZE DISTRIBUTION CURVE

The grain size distribution curves of the material ejected from piping
have continuous smooth shape characteristic of natural soils. When the grain
size distribution curves of all the samples tested are plotted in the same graph,
they clearly define a distinct zone. The types of soil located within this zone
(silty sand, fine sand, sand) exhibit no considerable cohesion, and at the same
time the mass of their individual soil particles is small enough allowing them
to be readily removed from their position by seeping water (Graph 3.). It should
be noted that under sufficiently high hydraulic gradients any type of soil (or
even rock) could be washed out by piping. What is significant in this respect
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is that for soils within the domain in Graph 3 the lowest hydraulic gradient is
necessary.

- R—
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Fig. 3. — Piping at Dombor as seen from the crest of the dyke. Washing out of soil first occurred
some 20 meters away from the toe of the embankment (Areas No. 5-8 in Tables 1 and 2)

The zone of grain size distribution curves of all the soils tested is shown
again in Graph 4. This zone shows a striking similarity to the zone represent-
ing the limits of granular soils liquefied by earthquakes. The grading limits
shown in Graph 2 are copied onto a graph presented in Smoltczyk’s book (2002)
defining various degrees of hazard for liquefaction due to earthquake. (Zone 1:
moderately susceptible, Zone 2: highly susceptible). This apparent correspond-
ence already formerly raised the hypothetic question of whether piping occurring
during high flood can be simulated by shape to similar surface liquefaction
phenomena experienced during earthquakes, as in both cases a volcanic cone
is formed through the crater of which water is constantly issuing, dragging away
solid particles. The apparent similarity of the zones of grain size distribution,
curves in the two cases (Graph 3) strongly suggest that the two phenomena
should indeed be closely related.

Following the reasoning one cannot help raising a question concerning
the similarity of surface phenomena observed in both cases and the similarity
of grading: i.e. whether piping constitutes a pseudo-static liquefaction or
liquefaction (e.g. one triggered off by earthquake) constitutes a dynamic
piping.

It should be noted that several expert’s reports have recently been pre-
pared dealing with failure of tailing dams where breach of the dam was judged
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to have been caused by liquefaction but in none of those cases was failure at-
tributable to earthquake effect. This means that liquefaction may also occur
under static loading conditions.

Graph 3. — Grain size distribution curves and limiting envelops of the critical zone
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Graph 4. — Zones of soils most susceptible to liquefaction (Smoltczyk, 2002) with limiting lines
for the zone of piping added
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THE GRAIN SIZE PERTAINING TO 10 PERCENT PASSING

In the study of the grain size distribution a crucial point is the determina-
tion of the grain size pertaining to 10 percent passing (see Table 2). This grain
size is determinant in respect of seepage phenomena and also in assessing the
uniformity of grading. As can be seen in Graph 5, in none of the tests on ma-
terial washed out of the piping was grain sizes d;o > 0.33 or d;o < 0.0033 iden-
tified. This means that a domain of grain sizes d;o spanning over two orders of
magnitude is affected in respect of washing out by piping. Frequency values
should normally decrease towards both sides of the histogram but probably
because of the relatively small number of elements and the few number of
categories this tendency does not appear here.
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Tha grain size pertaining to 10 percent by weight passing d,, fmm)

Graph 5. — Frequency distribution of d;o values in the material washed out by piping
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Tab. 2. — Some characteristics of the material washed out by piping

Number dio Uniformity coefficient (Cy) Description of soil
1 0.08 3.25 Fine sand
2 0.025 8.4 Silty sand
3 0.036 4.6 Silty sand
4 0.0071 17.8 Silty sand
5 0.007 13.9 Silty sand
6 0.041 2.4 Sand
7 0.026 43 Sand
8 0.006 15.2 Silty sand
9 0.026 6.5 Silty sand
10 0.016 10.8 Silty sand
11 0.056 2.1 Fine sand
12 0.049 3.5 Silty sand
13 0.106 2.2 Fine sand
14 0.073 2.3 Fine sand
15 0.051 2.6 Fine sand
16 0.007 12.6 Silty sand
17 0.007 6.1 Silty sand
18 0.0083 5.9 Silty sand
19 0.17 2.2 Sand

20 0.13 2.3 Sand

Fig. 4. — Piping at Abda (2006), some 20 m away from the dyke toe
(Area No. 4 in Tables 1 and 2)
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THE UNIFORMITY COEFFICIENT

Uniformity coefficient (Cy) values of the washed out soils are shown in
Table 2. The highest value was Cy = 17.8 and the mean value was Cy = 6.4. No
soil with Cy < 2.0 was identified. The frequency distribution of the uniform-
ity coefficients can be seen in Graph 6, where the category of Cy = 2-5 is the
most populous, containing more than half of the samples tested. Fine-grained
soils with low coefficient of uniformity are the ones that can be most readily
washed out or removed from their position, since they have no cohesion and
the mass of their grains is small.
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Graph 6. — Frequency distribution of uniformity coefficients in the material washed out
by piping

CORRELATION BETWEEN UNIFORMITY COEFFICIENT
AND GRAIN SIZE Dy

An evaluation of the relationship between the uniformity coefficient (Cy)
and the grain size pertaining to 10 percent by weight passing leads to an in-
verse relation that is the value of Cy; tends to decrease with the increase in d,.
In other words, the more course-grained the washed out soils, the more closely
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they are to a perfectly uniform single-grained soil. The most astonishing fact
is the very tight correlation giving a value of nearly R = 0.9 !! (See Graph 6) In
spite of the fact that the samples originated, from various regions of the country,
and were tested in several laboratories.

il -

]

o =

Uniformity coefficient

ooy am

d10 values in the material washed out by piping (mm}

Graph 7. — The relationship between the uniformity coefficients and the grain size
pertaining to 10 percent by weight passing

SUMMARY

Piping’s are the most spectacular phenomena preceding and ultimately
leading to breach of flood protection dykes. A review of historic data showed
that 1 in every 12 to 13 embankment failures was the consequence of piping
(Nagy, 2002). Flood defense counter measures to conquer piping are well
established and proven, (Péch, 1892, Tapay,Szalai, 1954,Polgar etal,
1974, N a g y, 2009), while theoretical treatment of ground failure due to piping
is not satisfactorily profound. It is an undisputable fact that we know a great deal
more about piping than we did say 30 years ago, but continued research must
go on even by resorting to practical experience if necessary. Neither hydraulic
criteria, nor structural criteria of piping are known deeply enough. We are surely
aware of certain parameters that contribute to the build-up of piping, but their
effect cannot yet be quantified. In the case of fully developed piping’s the
average hydraulic gradient normally has a value hardly reaching one fifth of
the allowable threshold value, yet ground failure does occur. Density condi-
tions have not been properly dealt with, and also little attention has been paid
to the testing of material ejected by piping.

This paper looks at the process of piping from the aspect of material
structure by focusing on the grain size distribution of the material washed out
from the piping. Using 20 samples originating from different regions of Hun-
gary, the grading characteristics of these samples were investigated based on
some selected grain sizes and the uniformity gradients. Based on these inves-
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tigations it has become possible to identify which grain size fractions are
likely to be washed out, and to characterize those fractions whose washing
out is not expected. Based on the grain size distribution curves it has been
made possible to define the boundaries of the zone susceptible to piping. The
investigations provided useful results concerning values of the uniformity
gradient and the grain size pertaining to 10 per cent and the relationship be-
tween them.

In order to obtain a deeper understanding of the process of piping the
question whether the washed out material consists of the entire mass of a
layer or only of a grain size fraction within the layer needs be investigated. To
this end a more profound knowledge of the environment of the piping would
be very important.
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Fig. 5. — Piping at the initial section of a trench drain near Tiszakiirt in 2010
(Areas No. 19-20 in Tables 1 and 2)
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[TPOYYABAIBE IIECKA V OJJIUBABY
Jlacno Haly

JlemapT™MaH 3a TeOTeXHUKY, TeXHHYKH YHUBep3uTeT y bynummneritu, Malapcka
Pe3ume

3a nmpoy4vaBame JUCTPUOYIIHje BETUYHHE YECTULIA MaTepHjalia KOjUu ce M3JIHBa
TOKOM OJUIMBamba, KOPUCTUIN cMO 20 y30paKa KOoju IOTUYY ca Pa3INYUTUX MecTa Ha
pexama JlyHaB u Tuca. 'pagujeHTHE KapaKTepUCTHKE THX y30paka MpoydeHe cy Ha
OCHOBY 0JTa0paHuX BETMYMHA YeCTHIIA U YHU(POPMHOCTH rpaaujeHata. Ha ocHOBY THX
mpoyyaBama OmIIo je Moryhe naeHTH(PHUKOBATH KOja BeTMYMHa yecThLe he ce BepoBar-
HO M3JIUTH U YCTAaHOBUTH KaKo Jla ce OKapakTepuuly Ti neauhu gyectuna. Ha ocHOBY
KpHUBE 0 TUCTPUOYLIHjU BEINYHHE YeCcTUIIa OMIIo je Moryhe peduHHuCcaTH rpaHUIe 30He
IIOJJIOXKHE OJTMBAlbY.

I'panune 30He rpaHynapHUX BpCTa 3eMJBHILITA KOje Cy ce HaBJIaKuiIe 300T 3eMJbO-
Tpeca U I'paHuUlle 30HE 3eMJbUIITA U3JIMBEHOI TOKOM OJIMBama, BPJIO Cy ciauyHe. Ta
04UTa KOPECIIOACHTHOCT Beh paHuje je AoBena 10 XMIOTETHYKOr NUTakba 1a Ju Ce
OIUIMBAHE KOj€ Ce JIelaBa TOKOM BHCOKHX II0MJIaBa MOKE CUMYJIMPATH O0IHKOM KOjH
JINYM Ha TI0jaBy BJIAXKEHa MOBPIIMHE TOKOM 3eMJbOTpeECa, jep ce y oba ciydaja dop-
MHpa KyIla Kpo3 YMju OTBOP BOAA CTAJIHO UCTHYE, NOBIayehn uBpcTe YecTuLe.

KJbYUHE PEUU: nucTpubyiuja BenuunHe Yectuia, koeGuiujeHT yHuhopmMHo-
CTH, OJUTHBAKE, XUAPAYTUIKHU nmopemehaj
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1. Onre HanomeHe
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ceedings for Natural Sciences (ckpahenu nacnos: Proc. Nat. Sci. Matica Srpska)
00jaBJbyje OpUTMHAJIHE HAYYHE PAJZIOBE U MpETeIHE YWIaHKE Kao M KpaTKa ca-
OIIITEeHa U3 CBUX 00JIaCTH KOje 00yxBaTa Ha3uB 4aconuca. [Iperiennu pamo-
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LEJIOCTH WJIH Y JIIOBUMA UJIU Cy MOHYH)eHH ApyroM 4aconucy He MOTy OUTH
npuxBahenu. Yacomnuc o0jaBibyje ABa Opoja TOAUIIE.
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y3 00aBe3HY MOTIHCAHY M3jaBy ayTOpa Y Be3H ca MPUjaBOM pajia 3a IITAMITY.

1.3. Tlo mpumamy pykommca, aytop he mobutn mudpy cBor paua, Kojy
Tpeba yBeK HaBOAMTHU Y JaJb0j MPENUCIH. YpeIHUIITBO he 06aBecTUTH ayTo-
pa o npucnehy pykornuca y poky o1 ceam J1aHa, a 0 MULIJbCHY PEllCH3eHATa
y POKY Of1 ZiBa Mecela of npujema. CBaku paj ce peleH3upa 1 JEKTOPHIIIE.

2. [Ipunpema pykomnuca

2.1. TexcT pana e ce eneKTpoHCKH Ha cTpanu A4 (21x29,5 cm), ¢ map-
ruHama of 2,5 cm, yBiauemeM IPBOI' peAa HOBOT nacyca, U pa3MakoM mehy
penoBuMa 1,5. Teker Tpeda mucat y pouty Times New Roman clioBUMa BeJTH-
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Ha3WB ycTaHOBe (0e3 ckpaheHuIa) y K0joj Cy ayTOpH 3aIroCiieHH, 3ajeTHO ca
IIyHOM IMOLITAHCKOM aJpecoM. Y CIIOKEHMM OpraHu3aliijamMa HaBOJU Ce
yKyIlHa xujepapxuja (Ha npumep: Yuusepsuret y HoBom Cany, [Ipupoano-
MaTemMatuuku (axynrer — JlemapTman 3a OHOJIOTHjy M €KOJIOTHjY). MecTo
3aI0CIICHa HABOJIH CE HEMOCPEIHO HCIIOZ MMeHa ayTopa. DPyHKIMje U 3Batba
ayTopa ce He HaBojle. AKO je ayTopa BHILE, MOpa Ce, TOCEOHUM O3HaKaMa,
HA3HAYUTHU U3 KOj€ O]l HAaBEJIEHUX YCTAHOBA IMOTHYE CBAKH OJ] HABEJCHHX ay-
Topa. KoHTakT ajpeca ayTopa (MOMITAHCKA I €IEKTPOHCKA) Jlaje ce y Haro-
MEHH IpH AHY IIPBE CTPAaHUIE YJaHKA. AKO je ayTopa BHIIE, /1aje Ce caMo
ajzpeca jeTHor, 0OMYHO MPBOT ayTopa.

2.3. Pykonuc opuruHajgHOT HAy4yHOT paja Tpeda noaenuTH Ha: CaxxeTak,
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" OBo ymyTcTBO Baxku ox 2012. ronuHe o 6poja yacomuca 122.
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synTatd WM Pesynratn u auckycuja, Jluckycnja, 3akipydak, Jluteparypa,
Caxerak u KipyuHe peun Ha CPIICKOM je3UKY U 3aXBaJTHOCT (YKOJIUKO 32 TO
MocToju NoTpeda). OpUrMHAIHM HAYYHU PAJIOBH HE cMejy OuTH aysxu oxa 10
CTpaHa, yKJbyuyjyhu nuteparypy, Tabesne, IereHe u CiIuke.

2.4. HacnoB pana Tpeba ma Oymie I/IH(bopMaTI/IBaH, aJIv He TYKH O] IECeT
peun. Y MHTepecy je Jacoluca 1 ayTopa Jla ce KOPUCTe PeyH IpUKJIATHE 3a
WHJICKCUPAhE U MPETPAKUBAE.

2.5. Ayropu Tpeba 1a nocraBe 1 Tekyhu Hac/oB Koju Tpeba Ja canpku
npesnme 1 I/IHI/IHI/IJEUIG IIPBOT ayTopa (aKo je ayTopa BUIIIE, TPEOCTATH CE 03-
HavaBajy ca “et al.”’) u HacioB panga y ckpahenom 06Jm1<y, HE BHIIE O MeT
peun.

2.6. 3a KJby4HE peun Tpeda KOPUCTUTH TEPMHUHE WITH (ppa3e Koje HajooIhe
OINCY]y Ca/p’Kaj WiIaHKa 3a MoTpede HHAeKCHpama U IpeTpakuBama. bpoj
KJby4yHUX peun He moxe Outu Behu on 10. Tpeba ux HaBecTH abenenHUM
pEIoM U OJIBOJUTH 3ape3uMa.

2.7. ATICTpaKT Ha EHTJIECKOM U pe3nMe Ha CPIICKOM Tpeba Ja rmpeacTaBiba-
jy kpatak uH()OPMATHBHU MPUKA3 YjaHKa. ATICTPAKT y 3aBUCHOCTH O]l Jy-
KuHe yiaHka Tpeba na uma o 100 no 250 peun. Pe3ume Ha Cprickom je3uKy
Moxe outu 10 1/10 gy>xuHe 4inaHka u Tpeda Aa cajp K HACIIOB pajia, UMEHA
ayTopa, Cpelli-e CJIOBO U MPE3MMEHa, Ha3HB U MECTO Y KOjUMa Cy ayTOpH 3a-
MOCJICHU M KJbYYHE PEYH.

2.8. Iozatke o puHAHCH]CKOj OMONH, CaBETUMA U IPYTUM BPCTaMa 110-
MohH, YKOJMKO 32 TO TIOCTOjU MOTpeda, Tpeda HaBeCTH Ha Kpajy paja, oj Ha-
CJIOBOM 3axXBaJIHOCT. Y 3aXBalHUIM 3a (puHAHCH]CKY mToMoh Tpeba HaBecTH
Ha3WB U OpOj MpojeKTa, OAHOCHO HAa3WB MporpamMa y OKBHPY KOjer je YiIaHaK
HACTao0, Ka0 M Ha3UB MHCTUTYIIH]E Koja je (PMHaHCUpaa MpojeKaT WM Mpo-
rpaM. Y ciydajy ApyTrHX BHI0Ba OMOhM Tpeba HABECTH UME, CPENIHE CIIOBO
Y TIpe3rMe, YCTAaHOBY M CEIIUIITE JIMIIA KOje je Tpy»kaJjo momoh, a ako je mo-
Moh npy’Kaja ycTaHOBa IIYH Ha3UB U aJipecy.

3. Ilpernennu pax tpeba aa cagpxku: Ancrpakt, Kibyune peun, 3akiby-
yak, JIutepatypy, kao u Pesume u Kibyune peun Ha cprckoM. [Ipernegnu
panoBu He cMejy OuTh nyxu on 12 cTpaHa, ykipyuyjyhu nurepatypy, Tadene,
JIETEH/IE U CITHKE.

4. Kparko caoniiuTeme ce MUIIIe [0 YIyTCTBUMA 33 OPUTHHAJIAH HAYYHH
pan, aimu He cMe jaa Oyze ay»e of 5 cTpaHa.

5. JIuteparypa
5.1. JInutepaTypHe HaBoae Tpeba CIoXKUTH abeleTHUM peioM Ha cienehu
HAYWH:

a. Ymannu n3 vaconuca: IIpesume CD, IIpesume SP (2009): Haszus pana.
Nwme vaconuca (ckpahenu o6nuk) 135: 122-129.

0. Ilornasspa y xkmu3u: [Ipesume ED, [Ipesume AS, Ilpesume, IP (2011):
HacnoB nutupanor nena y kmusu. In: Ipesume CA, Ilpesnme IF (eds.),
Hazus kwure, Bon. 4, U3gasau, ['pan, 224-256.
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B. Kmure: IIpesume VG, IIpesume CS (2009): HacnoB uutupane Kmure.
Wznasay, ['pan.

r. Hucepramuje: Ilpesume VA (2009): Hazus Te3e. JlokTopcka aucepra-
nyja, YauBepsurer, [ pan.

1. HeoOjaBsenu pagosu: HaBojp ,,y mrammnu™ Tpeba /1a ce OJHOCH camo Ha
panose mpuxBahene 3a mramiry. Heo6jaBibeHn paoBy: IUTUPATH Kao J1a
ce paau o 00jaBJbEHOM paJy OCUM HITO C€ YMECTO BOJIYMEHa YacoIuca
u Opoja cTpaHa HaBOJH ,,y IITaAMIIN .

. PagoBu caommTeHn Ha HAYYHUM CKYTIOBUMA IITAMIIAHU Y EJTUHU WU
y u3Boay: IIpesume FR. (2011): 36opuuk, Hasus ckymna, Opranuzarop
ckymna, Mecto oapxaBama, Jpxasa, 24-29.

e. Enexrponcku nzBopu:

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

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

5.2. Pedpepenie y TekeTy Tpeba Ja yKibyde IPe3nMe ayTopa U FOAUHY
u3nama. AKo UMa JiBa ayTopa, Tpeda HaBeCTH 00O0jHILY, a y CIy4ajy TPH WK
BHIIIE ayTopa Tpeda HABECTH MPBOT ayTopa U Ha3HAYUTH “‘et al.”.

5.3. AKo ce HaBOJie JiBa WJIM BHUIIIE PAJI0OBA MCTOT MJIM UCTHX ayTopa,
00jaB/bEHUX y UCTOj FTOJUHU, IOTPEOHO je Y TEKCTY M CHUCKY JHUTepaType
CTaBWTH a, O, 1, UT/I. M3a TOJJMHE 00jaB/bUBAHA.

5.4. Imena yacomnuca tpeba ckpahuatu nmpema “Bibliographic Guide
for Authors and Editors” (BIOSIS, Chemical Abstracts Service and Engineer-
ings Index, Inc., ).

5.5. Pedpepenuie ce He npeBojie Ha je3uk paaa. HaciaoBu nutupanux ao-
Mahux Jacomuca J1ajy ce y OpuruHaiiHoM, ckpaheHom o0uKy. Ako je pede-
pEHIIa HITp. Ha CPIICKOM j€3WKY Ha Kpajy ce cTaBu (Sr).

6. Jenunuile, uMeHa, ckpahenuiie u popmyie

6.1. Tpeba xopuctutu SI o3Hake 3a jenuawuIe (SI Systeme International
d’Un.); u3y3eTHO ce MOr'y KOPUCTUTH U APYTe 3BAaHUYHO NpruxBaheHe jenHHIIE.

6.2. Ha3uBe »uBUX Oprannszama Ha JaTUHCKOM Tpeba MUcaTH UTATUKOM.

6.3. I[Ipu xopunrhewy ckpahenuiia y TeKCTy, IyH TEpMHUH Tpeba HAaBECTH
MIPUJIMKOM TIPBOT CLIOMHUbamha, a CkpaheHUIly 104aTh y 3arpaju.

6.4. Xemujcke CTpyKTypHE GOpMYJIe U CIIOKEHE jeIHaYnHe Tpeba Halp-
TaTH ¥ MPUTIPEMUTH 3a GoTorpadcky penponyKIiujy.

7. Unyctpanuje

7.1. 3a numycTpanmje Mory ce KOPUCTUTH IIpHO Oere GpoTorpaduje u mpre-
KU 100pOT KBaJIUTETA.
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7.2. CBaka mirycTpalgja Tpeda 1a uMa TeKCT (JIETeH1y) Koju o0jarmaBa
cajaprkaj mpujora (UCIoJ| CIIUKE).

8. Tabene

8.1. Tabene Tpeba KynaTu Ha OBOJEHUM CTpaHUIIAMa M TIPUIIOKUTH UX
Ha Kpajy paja.

8.2. Tabene ce o3HauaBajy apanckuM OpojeBUMA.

8.3. Caka Tabemna Tpeba 1a MoYHE HACIOBOM KOjH 00jalimkaBa BbeH cajp-
xaj (n3Hax Tabee).

8.4. Mecta Tabena y TekcTy Tpeba 03HAYMTH Ha JIEBO] MAPTUHH.

9. Konnja paga y enekTpoHCKOj] popMu

9.1. TTociie mpuxBaTama paja noTpedHo je noctaButu CD ca KoHAYHOM
Bep3ujoM pana. [IpriiokuTH 1 jeAHy KOMUjy ONIITaMIIaHOT pajia paau JaKIie
TexHU4Ke oOpaze. Pykomnuc Tpeba cnatu Ha ajgpecy: YpeaHumTBo 300pHHUKa
Marune cpricke 3a npupoaHe Hayke, MaTuia cprcka, Yia. MaTuie cpricke,
21000 HoBu Can. Pykonucu ce mamy y Word gopmary.

9.2. Ilpe ynacka paja y mTaMIry ayTOPUMa Ce JOCTaBjba PyKOITHC 3a KO-
HauHy peBu3ujy. McnpaBibame TEKCTa MPUIIPEMIbEHOT 3a ITaMIy Tpeba orpa-
HUYUTH HA [ITaMIIApCKe Iperke. 3HavyajHe mpoMeHe Texcrta he ce HarmahuBary.
Kopurosanu tekct Tpeda BpaTutu YpeqHUIITBY Y Hajkpahem Moryhem poky.

9.3. Aytopu nobujajy 10 6GecruiaTHUX mpuMepaka cenapara.
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