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MYCOTOXINS: RISKS, REGULATIONS AND
EUROPEAN CO-OPERATION

ABSTRACT: Mycotoxins and mycotoxicises have been problems of the past and the
present, but scientific attention for mycotoxins did not start until the early 1960’s. Nowa-
days, many mycotoxins are known, and their occurrence in food and animal feed may cause
various adverse effects on human and animal health, including carcinogenic, hepatotoxic,
immunotoxic, nephrotoxic, neurotoxic, oestrogenic and teratogenic effects. Some important
mycotoxins include the aflatoxins, ochratoxin A, the fumonisins and the trichothecenes, and
their significance is briefly described. To protect human and animal health, many countries
have enacted specific regulations for mycotoxins in food and animal feed. Risk assessment
is a major factor for scientific underpinning of regulations, but other factors such as avail-
ability of adequate sampling and analysis procedures also play an important a role in the
establishment of mycotoxin regulations. In addition, socio-economic factors such as cost-
benefit considerations, trade issues and sufficiency of food supply are equally important in
the decision-taking process to come to meaningful regulations. Nowadays, more than 100
countries have formal mycotoxin regulations for food and feed. The mycotoxin regulations
are the most stringent in the EU, where various organizations and pan-European networks
contribute to combat the mycotoxin problem. It is to be expected that mycotoxins will stay
with us in the future and climate change might have a negative influence in this respect.
Several possibilities exist to mitigate the problems caused by mycotoxins. In particular
prevention of mould growth and mycotoxin formation is key to the control of mycotoxins.

KEYWORDS: aflatoxin, climate, Europe, fumonisin, mycotoxin, ochratoxin, pre-
vention, regulation, risk, trichothecene

INTRODUCTION

Mycotoxins are secondary metabolites of fungi which are capable of pro-
ducing acute toxic, carcinogenic, mutagenic, teratogenic and estrogenic ef-
fects on animals at the levels of exposure. Mycotoxins occur worldwide and
they are considered significant food and feed safety issues. Mycotoxins form
an important class of the natural toxins — toxic substances of natural origin.
The natural toxins also include the bacterial toxins, the phycotoxins, the plant
toxins and the animal toxins. Toxic symptoms resulting from the intake of
mycotoxins by man and animals are known as “mycotoxicoses”.

* RIKILT - Institute of Food Safety, Business Unit Contaminants & Toxins Wageningen
University and Research Centre, P.O. Box 230, 6700 AE, Wageningen, Netherlands.



Mycotoxicoses have been known for a long time, and they have been
described in history many times. The first recognized mycotoxicosis was
probably ergotism (Tulasne, 1853), better known as “Saint Anthony’s fire” or
“Holy fire”. The disease, caused by ergots alkaloids formed in the sclerotia of
the fungus Claviceps purpurea was already described more than 1000 years
ago. This disease, leading to gangrene, loss of limbs and hallucinations, often
occurred in Europe in the Middle Ages. In 1890 cardiac beriberi (yellow rice
disease) was described in Japan, caused by citreoviridin, a neurotoxin pro-
duced by Penicillium citreo-viride (Kinosita and Shikata, 1965). The ingestion
of “yellow rice” by men caused vomiting, convulsions and ascending paralysis.
Death could also occur within 1-3 days after the appearance of the first signs
of the disease. In 1913 and again in 1944 Alimentary Toxic Aleukia broke out
in Russia, due to the consumption of overwintered wheat which contained
high levels of trichothecenes, produced by Fusarium sporotrichioides (Mayer,
1953). These toxins caused hemorrhages and malfunctioning of the human
immune system, leading to many fatalities in Russian villages (Joffe, 1965).
In 1952 Balkan Endemic Nephropathy was described for the first time. This
disease is characterized by severe shrinkage of the kidneys, leading to human
death. Ochratoxin A, produced by e.g. Penicillium verrucosum is, among other
components, considered responsible for this serious disease.

Despite many examples of mycotoxin-caused diseases in men, mycotoxi-
coses remained the “neglected diseases” until the early 1960’s, when Turkey X
Disease in Great Britain broke out, and within a few months more than 100,000
turkeys and other poultry suddenly died, mainly in East Anglia and southern
England (Stevens et al. 1960). The problem of Turkey X Disease led to a multi-
disciplinary approach to investigate the cause of the disease. These efforts were
fruitful and the cause of the disease was found to be due to aflatoxins, highly
toxic and carcinogenic compounds, found in the Brazilian groundnut meal fed
to the poultry. The aflatoxins were mainly formed by two fungi, Aspergillus
flavus and Aspergillus parasiticus, and hence the name ‘aflatoxin’ — an acro-
nym derived from the name of the first fungus. Further elucidation of the toxic
factor demonstrated that the material could be separated chromatographically
into four distinct spots (Nesbitt et al., 1962). Distinction of the four substances
(aflatoxins By, B,, G; and G,) was made on the basis of their fluorescent colour
with subscripts relating to the relative chromatographic mobility.

In the period following the outbreak of Turkey X disease, a wealth of
information about the aflatoxins has been produced, and many other myco-
toxins have also been isolated and characterized. Since the discovery of the
aflatoxins, tens of thousands of publications on mycotoxins have been pub-
lished, dozens of mycotoxin conferences have been held, several international
organisations got involved with mycotoxins, thematic interlaboratory research
and networking projects have been initiated, professional networks have been
founded and mycotoxin-dedicated scientific journals were created. Moreover,
the growing knowledge about the real and potential hazards of mycotoxins to
human and animal health led many countries to establish legal measures to
control mycotoxin contamination of foodstuffs and animal feedstuffs.
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SOME IMPORTANT MYCOTOXINS AND THEIR
CHARACTERISTICS

Currently hundreds of mycotoxins are known, many or these are pro-
duced by Aspergillus, Penicillium and Fusarium species. Some important my-
cotoxins formed by these genera include the aflatoxins, the ochratoxins, the
fumonisins and the trichothecenes. They probably play a role in serious hu-
man and animal diseases. Without intentionally ignoring the potential sig-
nificance of the many other mycotoxins that exist, only these mentioned my-
cotoxins will be briefly reviewed hereafter.

Aflatoxins

Aflatoxin B; (Figure 1) is the most notorious of the aflatoxins, feared for its
high toxicity and carcinogenicity to humans and animals. Aflatoxins are found
worldwide, especially in warm and humid climate zones. Aflatoxins have also
recently caused fatal human intoxications. For instance, human aflatoxicosis has
occurred several times in Kenya in the last decade, due to human consumption
of aflatoxin-contaminated maize, leading to more than 100 fatalities in 2004,
including many children. Whereas the aflatoxins were not found in Europe until
the turn of the millennium, they were detected in maize in Northern Italy a dec-
ade ago, and subsequently in milk from dairy cattle fed with this maize. Since
then their occurrence gradually spread over south-eastern Europe, a phenome-
non which is possibly due to climate change. Also in the Balkan, where a lot of
maize is produced, the occurrence of aflatoxins have become an issue of con-
cern, including problems with exports to the EU in 2013. An important feature
in dairying is the fact that aflatoxin B, shows a significant carry-over (up to 6%;
Veldman et al., 1992) into the milk in its hydroxylated form aflatoxin M; (figure
1). Aflatoxin M; is a suspected human carcinogen and its occurrence in milk
and milk products should therefore be limited as much as possible.

Ochratoxin A

Ochratoxin A, formed from isocoumarin and phenylalanine (Figure 2) is
another carcinogenic mycotoxin, produced by Aspergillus and Penicillium
species, A. ochraceus and P. verrucosum in particular. Penicillium tends to be
more prevalent in cooler climates and Aspergillus in warmer climates. Ochra-
toxin A has been found in many countries. The toxin is a renal carcinogen in
mice and rats and it is nephrotoxic in all animal species tested, while pigs are
particularly sensitive. Ochratoxin A is also highly immunotoxic in mice. In
addition, it has been associated with Balkan Endemic Nephropathy (BEN), a
human kidney disease leading to shrinkage of the kidneys. It has also been
related with the occurrence of urogenital tract tumors in animals and possibly
in humans. Nowadays, it is believed that also other compounds may play a
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role in the etiology of BEN, e.g. aristolochic acid, a toxic plant constituent
(Schmeiser et al., 2012). The main route of human exposure to ochratoxin A
is through consumption of vegetable products, contaminated with ochratoxin
A (e.g. cereals, coffee, cocoa, beans, wine, beer, spices, dried vine fruit, liq-
uorice), but it can also occur by transfer via animals such as pigs. Pig blood
and plasma are used in the preparation of various sausages, thus meat prod-
ucts can become contaminated with this toxin.

Fumonisin B,

Natural occurrence of fumonisins is specifically associated with maize,
where they are produced specifically by Fusarium verticillioides and F. pro-
liferatum. Fumonisin B, (Figure 3) is the most significant of the fumonisins in
terms of occurrence and toxicity. Contrary to most of the other mycotoxins,
the fumonisins do not have cyclic structures, but possess long aliphatic chains
with two ester-linked hydrophilic side chams and a primary amine moiety.
Fumonisin B, can induce hepatic cancer in rats and epidemiological studies
suggest a possible role in human esophageal cancer in Africa and Asia. In
husbandry animals, dramatic effects caused by fumonisin B, in the feed have
been observed in horses and pigs. In horses leukoencephalomalacia (ELEM or
hole-in-the-head syndrome) has been described, a neurological disorder in the
brains, which may lead to death within 2-3 days. In pigs fumonisin B; may
cause pulmonary edema, a fatal disease in which the animals’ lungs are filled
with fluid. Residues of fumonisins are not known to occur in animal products
such as meat, milk and eggs and this is not an issue of potential concern.

Trichothecenes

Trichothecenes constitute a family of more than 100 structurally related
compounds, primarily produced by Fusarium species. Deoxynivalenol (Fig-
ure 4) is the most commonly occurring trichothecene, detected frequently in
maize, wheat and barley, in virtually all regions of the world. The toxin is
particularly produced by F. graminearum and F. culmorum. Deoxynivalenol
exhibits toxic effects in all animal species investigated and like most of the
mycotoxins it has an adverse effect on the immune system. The susceptibility
to deoxynivalenol may vary among species, and pigs are particularly sensi-
tive, where the intake of the toxin may lead to nausea, vomiting (deoxyniva-
lenol = vomitoxin), feed refusal, reduced feed intake and weight reduction.
These phenomena may lead to significant economic damage in the feed in-
dustry. The emetic effect also occurs in humans, and vomiting is one of the
earliest symptoms of trichothecene poisoning. The exposure of children to
deoxynivalenol may lead to growth retardation. Carry-over of deoxynivalenol
from animal feed into animal products hardly occurs. Deoxynivalenol sur-
vives some food processing, such as milling, baking and boiling.
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MYCOTOXIN REGULATIONS

The first food regulation was probably promulgated approx. 3500 years
ago by a king of the Hittites in what is now Turkey. That law already focused
on the two goals of modern food laws: the protection of health and the preven-
tion of fraud. In the early days of food legislation the protection of health was
mostly a local affair, and municipal ordinances were promulgated for the pur-
pose. But in the beginning of the 20™ century this situation changed and na-
tional statutory food legislation was enacted, thanks to the development of
auxiliary sciences such as chemistry, bacteriology and microscopy. Specific
mycotoxin regulations did not appear until the late 1960s, approx. 10 years
after the discovery of the aflatoxins. Around the turn of the millennium re-
gional harmonization of mycotoxin regulations in food and feed started to
take place in the EU (European Union), MERCOSUR (Mercado Comun del
Sur), Australia/New Zealand, GCC (Gulf Cooperation Council), ASEAN (As-
sociation of South East Asian Nations) and COMESA (Common Market of
Eastern and Southern Africa).

A most important factor for drafting meaningful mycotoxin regulations
is risk assessment, which is the scientific underpinning of regulations and
limits. Formal health risk assessments have been carried out by authoritative
international organizations, such as JECFA (FAO/WHO Joint Expert Com-
mittee on Food Additives and Contaminants) and EFSA (European Food
Safety Authority). Risk assessment involves a number of steps: hazard identi-
fication, hazard characterization, exposure assessment and risk characteriza-
tion. Risk assessment is one of the pillars of the Risk Analysis Framework, the
other pillars are risk management and risk communication. Whereas risk as-
sessment is primarily the responsibility of scientific committees, risk man-
agement is primarily the responsibility of regulators and policy makers. Risk
communication is the communication between risk assessors and managers,
and with the public.

In addition to hazard assessment and exposure assessment other factors
are also important when it comes to the establishment of mycotoxin regula-
tions in food and feed. These include the availability of methods of sampling
and analysis. The distribution of the concentration of mycotoxins in products
is an important factor to be considered in establishing regulatory sampling
criteria. The distribution can be very heterogeneous, as is the case with afla-
toxins in peanuts and figs. The number of contaminated peanut kernels in a
lot is usually very low, but the contamination level within a kernel can be very
high. If insufficient care is taken for representative sampling, the mycotoxin
concentration in an inspected lot may therefore be wrongly estimated. Relia-
ble analytical methods will have to be available to allow enforcement of the
regulations in daily practice. In addition to reliability, simplicity is desired, as
it will influence the amount of data that will be generated and the practicality
of the ultimate measures taken. Socio-economic factors play an important
role, such as cost-benefit considerations and trade issues. Finally, there must
be sufficiency of food supply, which can be a problem in the developing coun-
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tries that may be faced with shortage of food and severe mycotoxin problems
in their food and feed supply at the same time. Weighing the various factors
in the decision-taking process to come to regulations is not a trivial task, and
common sense is a major factor in reaching a decision. Despite the dilemmas,
many countries have established formal mycotoxin regulations and limits.

Over the years there have been several international inquiries on myco-
toxin regulations, from 1981 to 2012. These yielded details about tolerances,
legal bases, responsible authorities and official protocols of sampling and
analysis, and have resulted in various publications, e.g. by FAO (2004) and by
Van Egmond et al. (2007). In 2013 there were more than 100 countries world-
wide that have enacted regulations or detailed guidelines for the control of
mycotoxins in food and animal feed. These regulations are related to aflatox-
ins (B, By, Gy, (3,), aflatoxin M, trichothecenes (deoxynivalenol, diacetoxy-
scirpenol, T-2 toxin and HT-2 toxin), fumonisins (B,, B,, B;), agaric acid, er-
got alkaloids, ochratoxin A, patulin, phomopsins, sterigmatocystin and zea-
ralenone.

When reviewing the existing legislation on mycotoxins in certain parts
of the world, it can be observed that mycotoxin regulations develop continu-
ously. In Europe for instance, and particularly in the European Union, the
regulatory and scientific interest in mycotoxins has undergone a development
in the last 15 years from autonomous national activity towards more EU-
driven activity with a structural and network character. In 2013 harmonized
EU limits exist for 63 mycotoxin-food/feed combinations. In addition, harmo-
nized guidance limits are in place for 18 mycotoxin-feed combinations, while
indicative levels for 15 mycotoxin-feed combinations have been set. The di-
rect or indirect influence or involvement of European organisations and pro-
grams in the EU mycotoxin regulatory developments is significant. They in-
clude the Rapid Alert System for Food and Feed (RASFF), the European Food
Safety Authority (EFSA), the European Standardization Committee (CEN)
and the EU and National Reference Laboratories for Mycotoxins (EU-RL and
NRLs); see also next section “EUROPEAN CO-OPERATION”.

Regulatory limits on mycotoxins in food and feed are under constant
debate among trading countries. Their enactment has increased awareness of the
issues caused by mycotoxins and has led research, industry and policy makers
to work on solutions to combat the problems.

EUROPEAN CO-OPERATION

Since the discovery of the aflatoxins, several international organizations
got involved with mycotoxins, thematic interlaboratory research and network-
ing projects have been initiated and professional networks have been founded.
Moreover the growing knowledge about the real and potential hazard of my-
cotoxins to human and animal health led many countries to establish legal
measures to control mycotoxins in foodstuffs and animal feedstuffs. Especially
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in Europe various activities take place to combat the mycotoxin problem. Ex-
amples of European collaboration on mycotoxin issues can be found in the
Rapid Alert System for Food and Feed, the European Food Safety Authority,
the European Committee for Standardization and the EU- and National Refer-
ence Laboratories for Mycotoxins.

Rapid Alert System for Food and Feed

Already for several decades the European Union has a rapid alert system
for the risk of contaminants in food and feed (RASFF) that are harmful to
human health. The system involves a quick information exchange among the
competent authorities of the Member States (including EFTA/EEA countries),
the European Commission itself and the EFSA. In the case of problems in the
food chain of direct risk to human health, the RASFF facilitates that necessary
measures can be taken to recover the consumer safety. In 2011, the RASFF
received over 600 border rejection notifications connected to risks for human
health by mycotoxins. Figure 5 shows that the problems with mycotoxins were
much greater than those of other food and feed menaces. Almost 90% of these
mycotoxin notifications were related to aflatoxins in the product group of nuts
(pistachio nuts, peanuts, hazelnuts, almonds) and nut products (peanut butter)
which were imported in 2011 in the EU. The RASFF notifications provide
useful data for the development of new EU regulations and safeguard meas-
ures, and thus contribute to the improvement and maintenance of European
food safety.

European Food Safety Authority

The European Food Safety Authority (EFSA) is an independent body of
the European Commission, established in 2002 and, among other tasks,
charged with the development of risk assessments on issues of concern in the
food and feed supply. EFSA publishes its advices in the form of scientific
opinions, which form the main scientific basis for the preparation of EU regu-
lations (Anonymus, 2006). Opinions about risks of mycotoxins in food and
feed are adopted in EFSA’s Panel on Contaminants in the Food Chain, and are
based on comprehensive documents produced in dedicated working groups of
European experts. Over the years EFSA has published various opinions on its
website and in the EFSA Journal about mycotoxins in food and animal feed,
and several more are in preparation. Published EFSA mycotoxin risk assess-
ments include those about aflatoxins, Alternaria toxins, citrinin, ergot alka-
loids, fumonisins, ochratoxin A, phomopsins, several trichothecenes and zea-
ralenone. EFSA opinions are quite influential in the decision-making process
by European risk managers to come to meaningful EU-harmonized myco-
toxin regulations and limits.
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European Committee for Standardization

The European Committee for Standardization (CEN) is the European
equivalent of ISO. Among other tasks, CEN standardizes mycotoxin methods,
which are selected according to a performance criteria approach. In Europe,
CEN methods are getting increasingly important. Currently, 22 mycotoxin
methods have been standardized by CEN, and their number will further grow
in the coming years. CEN mycotoxin methods are not mandatory for official
food control in the EU. However, all CEN mycotoxin methods can be used in
the EU for official food control purposes because their performance charac-
teristics fulfil the criteria, laid down in the EU directives for sampling and
analysis (Commission of the European Communities, 2006a). Regulation EC
no. 882/2004 (European Commission, 2006b) provides that sampling and
analysis methods used in the context of official controls shall comply with
relevant Community rules or if no such rules exist, with internationally rec-
ognized rules or protocols, for example those that CEN has accepted. The
view of the European Commission on CEN standards is clear: “The establish-
ment of standardized methods of analysis is of utmost importance to guaran-
tee a uniform application and control of the European legislation in all Mem-
ber States. Standardized methods of analysis are an indispensable element in
guaranteeing a high level of food safety”.

EU- and National Reference Laboratories for Mycotoxins

The European Commission’s Joint Research Centre/Institute for Refer-
ence Materials and Measurements (Geel, Belgium) fulfills the role of EU Ref-
erence Laboratory (EU-RL) for Mycotoxins. These tasks are related to myco-
toxins in vegetable products, and human exposure through this route is in
fact, much more significant than the indirect exposure through carry-over of
mycotoxins from feed into animal products. However, the latter route is also
considered relevant (e.g. in relation to aflatoxin M, in dairy products) and the
RIKILT Institute of Food Safety (Wageningen, the Netherlands) is formally
charged with the task of EU-RL for mycotoxins in products of animal origin.
The tasks, duties and requirements for EU-RLs for food and feed and for ani-
mal health have been published (Commission of the European Communities,
2006b). The EU-RL for mycotoxins has been created in order to take, among
other duties, initiatives and to co-ordinate activities related to the develop-
ment, improvement and application of sample preparation and methods of
analysis for the official control of maximum levels for mycotoxins in food and
feed. Among the tasks mentioned is the function “to provide technical assis-
tance to the Commission and, upon its request, to participate in international
forums relating to the area of competence, concerning in particular the stand-
ardization of analytical methods and their implementation”. So, it is evident
that the link with the European Standardization Committee (CEN) is impor-
tant.
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In addition to these structural Europe-coordinated activities, several
EU projects in the 7" Framework Programme had a strong focus on myco-
toxins, such as CONffIDENCE and MycoRed. CONffIDENCE (www.
conffidence.eu) was a Large Collaborative Project in the Food, Agriculture
and Fisheries, and Biotechnology Program, focusing on the development
and validation of simple, fast, multi-analyte, multi-class detection methods.
The project, which ended in late 2012, contained a Work Package Biotox-
ins, in which (among many other tasks) a multiplex dipstick method was
successfully developed and validated, able to simultaneously detect the
Fusarium mycotoxins deoxynivalenol, zearalenone, T-2 and HT-2 toxins,
and fumonisins. MycoRed (www.mycored.eu) is another Large Collabora-
tive Project in the same program, dedicated to the “Reduction of mycotox-
ins in food and feed chains”. In MycoRed the focus is on aflatoxins, ochra-
toxin A, trichothecenes, zearalenone and fumonisins, and a lot of research
was devoted to prevention and reduction of mycotoxin formation. Within
the successful project, which finishes in late 2013, various international
mycotoxin workshops and conferences were also organized in Europe,
Asia, Africa and Latin America. These and other EU-sponsored research
and networking projects, in their own right and collectively, are very valu-
able to increase our knowledge, to advance the analytical state-of-the-art
and to create strong networks of collaboration on mycotoxins in Europe
and beyond.

CLIMATE CHANGE, PREVENTION AND CONTROL

A contemporary issue that also has a potential influence on mycotoxins
is climate change. Due to this phenomenon changes, may occur in the lati-
tudes where certain fungi are able to compete. An example is the increasing
occurrence of Fusarium graminearum, a nivalenol producer, in certain areas
in Europe. Climate change may also lead to drought and flooding, which may
result in the occurrence of more mycotoxins and changed toxin profiles. For
example, since about 10 years ago aflatoxins have been found in south-eastern
Europa in particular in maize, and the affected areas are becoming larger.
Increases of plant diseases and insect manifestations are also expected as a
result of climate change, and these may have a significant effect on mycotox-
ins as well.

Potentially successful measures to combat and control mycotoxins in-
clude (but are not limited to) the following:

* Prevention; possibilities exist with programs to develop plants resistant
to certain fungi, to improve the proper application of fungicides, and to
control insects, which may act as vectors of fungal spores and may dam-
age crops.

» Improved agricultural practices; e.g. application of irrigation of maize
may assist in preventing damage from drought stress, which may lead to
significantly increased aflatoxin formation.
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Biocontrol; biocompetetive exclusion is a newer technique, where non-
toxigenic fungal strains are inoculated in the field to outcompete toxi-
genic strains. Successful application has been achieved in Nigeria with
non-aflatoxigenic strains in maize and peanuts producing areas.
Development of predictive models; theoretical models have been devel-
oped, e.g. at RIKILT, that forecast the occurrence of emerging mycotox-
ins in food and feed chains at an early stage so that timely management
measures can be taken to minimize their impact on food and feed safety.
Post-harvest; it is essential that agricultural harvest is rapidly dried and
stored under cool and dry conditions to avoid fungal growth and myco-
toxin production.

Hygienic conditions at storage; not only control of water activity and
temperature are important, but possibilities of (re-) infection by moulds
must be excluded as good as possible.

HACCEP in production chains, novel food processing; the rigorous applica-
tion of Hazard Analysis Critical Control Point procedures at diverse stages
of the food and feed production and processing chain is recommended to
achieve final products that fulfill to desired criteria with respect to Myco-
toxin contamination. The development of novel food processing techniques
that exclude the possibility of fungal re-infection can be also effective.
Cleaning, sorting, application of decontamination systems; various physical,
chemical and biological procedures have been developed to reduce or de-
grade mycotoxin contamination of food and animal feed. Not all of them are
(economically) feasible in practice, and they should be considered with care.
Improved methods to detect fungi; their application by phytopathologists
may help others to be alarmed at an early stage that undesired fungi are
developing or have developed, able to produce mycotoxins.

Improved sampling and analytical methods for mycotoxins; errors made
in sampling and in analytical methodology can be quite substantial, and
provide little comfort for those who must pay for analytical measurements,
or who base potentially important decisions on the data generated.
Drafting of regulations; whilst mycotoxin regulations themselves will
not directly lead to reduction of mycotoxins, they may force food and
feed business operators to apply good agricultural, good manufacturing,
good storage and good hygienic practices with regard to mycotoxins,
eventually leading to reduced chances of undesired human exposure.
Training, education and networking; awareness, experience, capacity-
building and international collaboration are all essential elements in the
combat of mycotoxins, both at local and at global level.

ACKNOWLEDGEMENT

This article is based on the invited lecture presented by the author under

the same title at the conference ,,Mycology, Mycotoxicology and Mycoses”,
held in Matica Srpska, Novi Sad, Serbia, 17" — 19" April 2013.

16



REFERENCES

Anonymus(2006). Transparency in risk assessment carried out by EFSA: guidance docu-
ment on procedural aspects. Request No EFSA-Q-2005-050. Endorsed on 11 April 2006
by the Scientific Committee. The EFSA Journal 353: 1-16.

Commission of the European Communities (2006a). Commission Regulation (EC) No.
401/2006 of 23 February 2006 laying down the methods of sampling and analysis for the
official control of the levels of mycotoxins in foodstuffs. Official Journal of the Euro-
pean Union L70: 12-34.

Commission of the European Communities (2006b). Commission Regulation (EC) No
776/2006 of 23 May 2006 amending Annex VII to Regulation (EC) No 882/2004 of the
European Parliament and of the Council as regards Community reference laboratories.
Official Journal of the European Union L136: 3—8.

Food and Agriculture Organization (FAO). (2004). Worldwide regulations for mycotoxins in
food and feed in 2003. FAO Food and Nutrition Paper 81. Food and Agriculture Organi-
zation of the United Nations, Rome, Italy.

Joffe, A. Z. (1965). Toxin production in cereal fungi causing toxic alimentary aleukia in man.
In: G. N. Wogan (ed.) Mycotoxins in Foodstuffs, MIT Press, Cambridge, Massachusetts,
USA, pp 111-132.

Kinosita,R;Shikata,T. (1965). On mouldy rice. In: G. N. Wogan (ed.). Mycotoxins in
Foodstuffs, MIT Press, Cambridge, Massachusetts, USA, pp 77-85.

Mayer, C. F (1953). Endemic panmyelotoxicosis in the Russion grain belt. Part One: The
clinical aspects of alimentary toxic aleukia (ATA), a comprehensive review. Mil. Surg.
113: 173-189.

Nesbitt,B.F;O0Kelly,J;Sargeant,K;Sheridan,A. (1962). Toxic metabolites
of Aspergillus flavus. Nature (London), 195: 1062-1063.

Schmeiser, H H;Kucab,JLE;Arlt, V.VM;Phillips,D.H;Hollstein, M.;G
luhovschi,G;Gluhovschi,C;Modilca,M;Daminescu,L;Petric
a,L;VelciovS. (2012). Evidence of exposure to aristolochic acid in patients with
urothelial cancer from a Balkan endemic nephropathy region of Romania. Environ. Mol.
Mutagen. 53: 636—641.

Stevens,A.J;Saunders,C.N;Spence,]J.B;Newnham, A. G. (1960). Investiga-
tion into ‘disease’ of turkey poults. Veterinary Record. 72: 627-628.

Tulasne,L.R. (1853). Mémoire sur I’ergot des Glumacées. Annales des Sciences Naturelles,
Partie Botanique, 3e Série. 20: 5-56.

VanEgmond,H P;Schothorst,R.C;Jonker, M. A. (2007). Regulations relating
to mycotoxins in food. Perspectives in a global and European context. Anal. Bioanal.
Chem. 380: 147-157.

Veldman,V.A;Meijs,J. A.C;Borggreve,G.T;HeeresvanderTol,J.J.
(1992). Carry-over of aflatoxin from cows’ food to milk. Anim. Prod. 55: 163—168.

17



Figures:
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Figure 1: Chemical structures of aflatoxin B, (left) and aflatoxin M, (right)
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Figure 2: Chemical structure of ochratoxin A
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Figure 4: Chemical structure of deoxynivalenol
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MUKOTOKCHUHU: PUSNLIU, ITPOITMCHU U EBPOIICKA CAPAIbA

Xanc I1. Ban Ermong
RIKILT — YHuBep3UTET U UCTPAXKUBAUKHU IIEHTap y Barenunreny
WnucTuTyT 32 6€30€HOCT XpaHe
[MTocnoBHa jenuHMIA 3a 3arajuBade U TOKCHHE
IT. @. 230, 6700 AE, Bareaunren, XomnaHauja

PE3MME: MUKOTOKCMHN ¥ MHUKOTOKCHKO3€ Kao M JIaHac, M y MPOILIOCTH CY
MpeJICTaBIbaIu MPo0JIeM, aJii HAyYHOT MHTEPECOBaha 32 lbUX HUje MMOCTOjaJIo CBE JI0
MOYETKA IIEe3/IECeTHX TOINHA MTPOILIOT BeKa. MHOTM MHKOTOKCHHH JaHac Cy MOo3Ha-
TH, a IbUXOBA [10jaBa y XpaHH 3a JbyJle Ka0 M y XpaHH 3a JKUBOTHILE MOXKE J1a H3a30BE
pas3nnunTe HEraTHBHE ePeKTe Ha 3ApaBIbe JBYIH U KUBOTHIbA, YKIBYdyjyhu KaHIEepo-
reHe, XenaTOTOKCHYHe, UMYyHOTOKCHYHE, HE()POTOKCHYHE, HEYPOTOKCHYHE, ECTPOreHe
u TepatoreHe edexre. Heku o BaXKHIX MHKOTOKCHHA Cy a(IaTOKCHH, OXPATOKCHH
A, pyMOHU3MH 1 TPUXOTEIICH, a IbUXOB 3Hauaj je yKparko onucaH. Jla Ou 3amruruie
37IpaBJbe JbYIU ¥ )KHBOTHHA, MHOTE 3€MJBE JIOHEIIE CY MOCeOHEe MPOMIce 32 MUKOTOK-
CHHE y XpaHH 3a Jby/Ie U Y XpaHH 32 )KUBOTHIbE. [IporieHa prusnka riaBHH je pakTop 3a
Hay4YHY MOTBPAY MPOIICHMA, aJI U APYTH (PaKTOPH Ko IITO Cy JOCTYITHOCT aIeKBaT-
HOT Y30pKOBama M aHaI13a Mpolleypa Koju Takole urpajy BaxxHy yJory y ¢popmupa-
By TIPOIIHICa y BE3W ca MUKOTOKCHHIMA. [lopex Tora, conno-eKoHOMCKH (hakTopH, Kao
LITO CY TPOIIKOBH, TPTOBHHA U JOBOJbHA CHAOJEBEHOCT XPAaHOM, ITOjEJHAKO CY BaXKHH
y TIpoLieCcy JOHOIICHa O/UTyKa Jla OM ce TOHETH BaXHHU nponucH. Jlanac sumre ox 100
3eMajba uMa (popMajiHe MPOIUCE Y BE3H ca MUKOTOKCHHHMMA Y XPaHH 3a JbyJle U XpaHH
3a KHUBOTHIbE. [IponmcH y Be3n ca MUKOTOKCHHHMA HajcTpoxuju cy y EVY, rae pas-
JINYUTE OpraHU3allkje U MaH-eBPOIICKEe MPEeXe AOIMPUHOCE OOpOU MPOTUB MpodiIemMa
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MUKOTOKCcHHA. Tpeba ouekuBatu na he MEKOTOKCHHA OUTH U 'y OyayhHOCTH, a KITUMAaT-
CKe ITPOMEHEe MOT'Y JIa IMajy yTuIaj y ToM norneny. [loctoju Hekomnko moryhHoCcTH
3a yOnakaBame mpoodiemMa n3a3BaHNX MUKOTOKCHHUMA. ClipeuaBame [0jaBe MICCHH
1 opMuparma MEKOTOKCHHA KJBYYHO j€ 32 KOHTPOJIY MUKOTOKCHHA.

KJbYYHE PEYMU: adnaTokcuH, kiumMa, EBpomna, GyMOHH3HH, MUKOTOKCHH, OXpa-
TOKCHH, IIPEBEHITH]a, IIPOIIC, PU3UK, TPHXOTCIICH
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THE INCIDENCE OF PYRENOCHAETA TERRESTRIS
IN ROOT OF DIFFERENT PLANT SPECIES IN SERBIA

ABSTRACT: Root samples of cereals (oats, wheat, barley, maize and sorghum), veg-
etables (garlic, onion, pepper, cucumber, pumpkin, carrot and tomato), industrial plant (soya
bean) and weeds (Johnson grass, barnyard grass and green bristle-grass) collected in differ-
ent agroecological conditions in Serbia were analysed for the presence of Pyrenochaeta
terrestris. The fungus was found in 42 out of 51 samples (82.4%), while the incidence varied
from 2.5 to 72.5%. The highest incidence was detected in cereals (average 30.3%), and then in
weeds of the Poaceae family (average 14.2%). Considering single species, maize (up to 72.5%
in root) and Johnson grass (up to 37.5%) were mostly attacked by this fungus. The lowest
incidence of the fungus was determined in vegetable crops (average 6.7%). Red to reddish
discoloration of root was correlated with the incidence of the fungus. Obtained data indicate
that P. terrestris is widespread in Serbia and conditions for its development are favourable.

KEYWORDS: Pyrenochaeta terrestris, root, incidence, cereals, soya bean, vegetables,
weeds

INTRODUCTION

Pyrenochaeta terrestris (Hansen) Gorenz, Walker & Larson (syn. Phoma
terrestris Hansen), a common soil inhabitant, affects root of many plants, par-
ticularly monocots, including maize, cereals, grasses, sorghum and sugar cane
(Walker, 1952). It has also been reported in cucumber, carrot, tomato, pepper
and other plant species (Walker, 1952). This pathogen has been identified
most frequently in onion (Yassin et al., 1982) and in maize (Mao et al., 1998).
Rotting results in total plant collapse. It appears in the initial growing stages,
but most commonly occurs in root of nearly mature plants.

* Corresponding author E-mail: jlevic@mrzip.rs
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Since the 1950s there have been a few published papers on the appearance
of the fungus in other plants than onion or maize.

The first identification of P. ferrestris in Serbia was in root of three
types of Allium species (onion, garlic and leek) (Aleksic¢ et al., 1989), and then
in root of maize and other hosts (Petrovi¢ and Levi¢, 1999). Recent studies
indicate that this fungus is common in root of maize in Serbia (Levi¢ et al.,
2011, 2012a, 2012b), while there is no data on its incidence in root of other hosts.
Therefore, we have collected root samples different plant species belonging to
the group of cereals, vegetables, soya bean and weeds in maize crops. The
incidence of P. ferrestris in Serbia was determined on the basis of the myco-
logical analysis of collected samples.

MATERIAL AND METHODS

Sample collection. Root samples were collected from 16 plant species:
cereals (oats, wheat, barley, maize and sorghum), vegetables (garlic, onion,
pepper, cucumber, pumpkin, carrot and tomato), weeds (Johnson grass, barn-
yard millet and green bristle-grass) and soya bean. These samples have been
collected from 27 localities in Serbia, mostly from the Province of Vojvodina
(Fig. 1). Samples of maize leaf sheaths have also been collected from these
localities. Symptoms of root rot in the collected samples have been described
and the fungus has been isolated on potato dextrose agar (PDA).

Isolation and incidence of the fungus. Roots of individual plants were
washed gently in running tap water to remove soil, and then they were ex-
cised. A small section (3-4 mm) was usually cut from the margin of lesions
developed in root. Then, the sections were washed for 2 h in running tap wa-
ter, sterilised in 1% sodium hypochlorite (NaOCI) for 3 min, rinsed three
times in sterile distilled water, and blotted dry between two layers of soft pa-
per. Forty root sections of each plant were arranged in five Petri dishes on
PDA and incubated for seven days under laboratory conditions. This proce-
dure was also applied to the samples of maize leaf sheaths. After incubation,
root and leaf sheath sections were examined for a fungal growth under a ster-
eomicroscope (x15-25).

Identification and maintenance of isolates. In order to reliably identify
the fungus, the fragments of colonies developed on root and leaf sheath sec-
tions were transferred to PDA and carnation leaf agar (CLA). The fungus was
incubated on PDA at 25° C in the dark and on CLA at 25° C with alternating
12h periods of darkness and combined fluorescent and near ultraviolet light.
The composition and the preparation of these media were described by Burgess
et al. (1994).

The identification of P. terrestris was performed according to the de-
scription by Punithalingam and Holliday (1973), Zitter et al. (1996), Gorenz et
al. (1948) and Ferreira et al. (1991), and on the basis of our experience gained
during studying this fungus (Petrovi¢ and Levi¢, 1999; Levi¢ et al., 2011,
2012a, 2012b).
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Figure 1. Map of Serbia and marked localites in which plant samples were collected.
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P. terrestris cultures, isolated in the course of this study and designated
as MRIZP, were stored on agar (PDA and CLA) slants in 5 ml vials within the
collection of the Maize Research Institute, Zemun Polje.

Statistical analysis. The incidence (I) was calculated from the number
of sections in a surface sterilised root sample colonised by P. terrestris as fol-
lows (Levi¢ et al., 2011): I = [Number of root sections in which P. terrestris
was detected/Total number of root sections] x 100.

RESULTS

The prevalent symptom in root samples on the majority of studied plant
species was a combination of red (pinkish, reddish, red, purple) and brown
discoloration (Table 1). Moreover, brown discoloration without redness was
determined in root samples of pepper (Capsicum annum L), cacumber (Cucumis
sativus L) and squash (Cucurbita pepo L). Pycnidia formed below the root
epidermis were observed only in the case of tomato (Lycopersicon esculentum
Mill.). Fusiform lesions were formed in root of Johnson grass (Sorghum ha-
lepense L.) and maize (Zea mays L.).

Table 1. Description of symptoms on root samples of tested plant species

No. Plant species Symptoms on root samples

Allium cepa L. Pinkish, reddish brown & pale brown discoloration

Allium sativum L. Pinkish, reddish brown & brown discoloration

Avena sativa L. Reddish brown & brown discoloration

Capsicum annuum L. Brown discoloration

Cucumis sativus L. Brown discoloration

Cucurbita pepo L. Brown discoloration

Daucus carota L. Brown & reddish grey discoloration

Echinochloa crus-galli (L.) P. Beauv. Purple red & brown discoloration

Glycine max (L.) Merr. Reddish brown & brown discoloration

Hordeum vulgare L. Reddish brown & brown discoloration

Lycopersicon esculentum Mill. Brown reddish root & formed pycnidia under the
epidermis

Setaria viridis (L.) P.B. Brown & reddish brown discoloration

Sorghum bicolor (L.) Moench. Pinkish, reddish brown, brown & scab root

Sorghum halepense Pers. Red, reddish brown & scab root, formed fusiform
spots on root

Triticum aestivum L. Reddish brown & brown discoloration

Zea mays L. Reddish, purple red & brown root, formed fusiform

Spots on root

P. terrestris was determined in 42 out of 51 root samples or in 12 out of
the 16 plant species. The incidence of this fungus varied depending on plant
species and agroecological conditions under which these species were culti-
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vated or grew in the wild (Table 2). On the average, the highest incidence of
P. terrestris was noticed in cereals (30.3%), then in weeds (14.2%) and less in
root of vegetables (6.7%). The incidence of P. terrestris varied from 2.5% to
75% in cereals, from 0% to 22% in vegetables and from 2.5% to 37% iin root
of weeds.

Table 2. Incidence of P. terrestris on roots of different plant species

P. terrestris

No. Location (No. on map) incidence (%)

Plant species

Cereals
Zemun Polje (13) Avena sativa L. 50.0
Krnjesevci (7) Hordeum vulgare L. 5.0
Zemun Polje (13) Sorghum bicolor (L.) Moench. 14.2
Indija (5) Triticum aestivum L. 2.5
Ruma (9) Triticum aestivum L. 2.5
Zemun Polje (13) Triticum aestivum L. 25.0
Badince (15) Zea mays L. 22.5
Blato (16) Zea mays L. 47.5
Druzeti¢ (18) Zea mays L. 37.5
Gornji Milanovac (19) Zea mays L. 72.5
Indija (5) Zea mays L. 10.0
Krnjesevci (7) Zea mays L. 37.5
Krnjesevci (7) Zea mays L. 22.5
Pozega (21) Zea mays L. 42.5
Smederevska Palanka (22) Zea mays L. 45.0
Titel (12) Zea mays L. 22.5
Zemun Polje (13) Zea mays L. 55.5
Average 30.3
Vegetables
Alibunar (1) Allium cepa L. 5.0
Bajevac (27) Allium cepa L. 5.0
Sabac (23) Allium cepa L. 15.0
Veliki Crljeni (25) Allium cepa L. 0.0
Zemun Polje (13) Allium cepa L. 20.0
Alibunar (1) Allium sativum L. 22.5
Smederevska Palanka (22) Allium sativum L. 12.5
Topola (24) Allium sativum L. 2.5
Veliki Crljeni (25) Allium sativum L. 0.0
Badince (15) Capsicum annuum L. 0.0
Veliki Crljeni (25) Capsicum annuum L. 0.0
Veliki Crljeni (25) Cucumis sativus L. 0.0
Veliki Crljeni (25) Cucurbita pepo L. 0.0
Badince (15) Daucus carota L. 0.0
Veliki Crljeni (25) Daucus carota L. 0.0
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Badince (15) Lycopersicon esculentum Mill. 20.8

Sremska Mitrovica (11) Lycopersicon esculentum Mill. 17.5
Veliki Crljeni (25) Lycopersicon esculentum Mill. 0.0
Average 6.7
Industrial plants
Zemun Polje (13) Glycine max (L.) Merr. 27.5
Weeds
Druzeti¢ (18) Echinochloa crus-galli (L.) P.Beauv. 20.0
Zemun Polje (13) Echinochloa crus-galli (L.) P.Beauv. 30.0
Zemun Polje (13) Setaria viridis (L.) P.B. 15.0
Backa Palanka (29 Sorghum halepense Pers. 7.5
Cacak (17) Sorghum halepense Pers. 7.5
Donja Toponica (3) Sorghum halepense Pers. 20.0
Futog (4) Sorghum halepense Pers. 7.5
Indija (5) Sorghum halepense Pers. 5.0
Jelenca (20) Sorghum halepense Pers. 15.0
Kikinda (6) Sorghum halepense Pers. 2.5
Odzaci (8) Sorghum halepense Pers. 20.0
Sombor (10) Sorghum halepense Pers. 5.0
Zemun Polje (13) Sorghum halepense Pers. 375
Zrenjanin (14) Sorghum halepense Pers. 15.0
Zvecka (26) Sorghum halepense Pers. 5.0
Average 14.2

The incidence of P. ferrestris in small grain cereals was 50% in root of
oats (Avena sativa L.), 25% in wheat (Triticum aestivum L.) and 5% in barley
(Hordeum vulgare L.) at Zemun Polje, and 2.5% in wheat root in two localities
(Indija and Ruma).

The fungal incidence in maize root varied, depending in the locations,
from 10% (Indija) to 72.5% (Gornji Milanovac). High incidence of P. ter-
restris in maize root was determined at the locations of Zemun Polje (55.5%),
Blato (47.5%), Smederevska Palanka (45%) and Pozega (42.5%).

In some P. terestris was isolated from maize leaf sheaths (Titel and Ze-
mun Polje) localilies. From the leaf sheath with purple red symptoms the fun-
gus was isolated in 16.7% samples, and from the bluish tissue it was 27.5%
(data not presented in table).

P. terrestris was found in only half of the collected samples of vegeta-
bles, and with the incidence ranging from 2.5% to 22%. The incidence of the
fungus in positive samples varied from 5% (Alibunar and Bajevac) to 20%
(Zemun Polje) in onion root (Allium cepa L.), from 2.5% (Topola) to 22.5%
(Alibunar) in garlic (A/lium sativus L.) and from 17.5% (Sremska Mitrovica)
to 20.8% (Badince) in tomato (Lycopersicon esculentum Mill.). The fungus was
not found in root of pepper, cucumber, squash and carrot.

As far as industrial plants are concerned, only soya bean root was ana-
lysed and 27.5% of analysed sample showed the presence of the fungus.
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The root samples of all weed species were infected with P. terrestris.
The fungal incidence in Johnson grass varied from 2.5% (Kikinda) to 37.5%
(Zemun Polje). The moderate incidence (<20%) was determined in two lo-
calities (Donja Toponica and Odzaci), while low incidence (5-15%) was ob-
served in eight localities. Root of barnyard grass (Echinochloa crus-galli L. P.
Beauv.) was infected with the fungus in the amount of 20% (Druzeti¢) and
30% (Zemun Polje), while 15% of green bristle-grass root (Setaria viridis L.
P. B.) was infected.

DISCUSSION

The obtained results indicate that P. ferrestris is a widespread pathogen in
Serbia. This pathogen was determined in 25 out of 27 localities or in 12 of the
16 plant species. It is known that P. terrestris attacks root of numerous crop
plants, such as onion, soya bean, oats, barley, wheat, maize, cucumber, to-
mato, pepper, carrot and other plant species (Kreutzer, 1941). In the present
research, positive results were obtained for these species as well, with the
exception of cucumber and carrot.

The analysis of symptoms and the detection of the fungus in root of cer-
tain plant species showed their interrelationship. In fact, P. terrestris was de-
termined in all plant species with a symptom of reddish discoloration of root.
On the other hand, the fungus was not present in plant species only with
brown root discoloration, such as in cases of pepper, cucumber, squash and
carrot. P. terrestris differs from other species of Pyrenochaeta, not only in
morphological characteristics, but also as it causes red root rot (Watanabe and
Imamura, 1995; Zitter et al., 1996; Levi¢ et al., 2011, 2012a, 2012b), while
other species cause black (Ramsey, 1990) or brown root rot (Ball, 1979).

The highest fungal incidence was determined in maize root (up to
72.5%), then in oats (50.0%) and Johnson grass (37.5%). In previous studies
we have found that this fungus occurred early in the season and intensively
developed in root of maize (Levi¢ et al., 2012a, 2012b), which is in accordance
with results obtained in this study. The relatively high incidence of the fungus
in root of Johnson grass can be explained by the fact that this plant species
belongs to the family Poaceae in which the fungus often appears (Sprague,
1944). Furthermore, perennial species of the Poaceae family, including John-
son grass, are widespread weeds in maize crops in Serbia (Stefanovic and
Simic, 2006; Simi¢ and Stefanovi¢, 2006).

The incidence of P. terrestris in root of different plant species was af-
fected by agroecological conditions in some localities. The effects of local
agroecological conditions on the fungal incidence was most obvious in Veliki
Crljeni because all the samples collected in this locality were negative for the
presence of this fungus. On the other hand, the fungus was found in all sam-
ples collected in the locality of Zemun Polje and its incidence varied from 14.2%
to 55.5% (average, 28.1%). The highest incidence was recorded in maize sam-
ple from Gornji Milanovac (72.5%).

27



In conclusion, the data show that P. ferrestris is a very important root
pathogen of maize, oats and weeds (Johnson grass and barnyard grass), which
are often associated with maize crops in Serbia. These data are in accordance
with the literature data indicating that this fungus usually occurs on root of
plants belonging to the family of Poaeceae. Furthermore, the fungus was
rarely and with a lower incidence determined in root of vegetable crops, and
even in root of Allium species that are worldwide known as common hosts of
P. terrestris.
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YYECTAJIOCT IIOJABE PYRENOCHAETA TERRESTRIS
HA KOPEHY PA3JIMUYUTUX BUJBHNX BPCTA YV CPEUIU

Jenena T. Jlepuh', Tujana M. Ietposuh'?, CnaBMua K. Cranxopuh!, Jlparuna M.
I/IBaHOBI/Ih
'MHCTHTYT 3a KyKypYy3 ,,3emMyH [Tosbe",
Cnob6onana bajuha 1
11185 Beorpan, Cpbuja
*CSIRO Entomology, PMB2, Glen Osmond,
SA 5064, AyCTpanHJa

PE3UME: VY3opum xopeHa xuta (0Bac, NIICHUIA, je4aM, KYKypy3 U TUTOMH
cupak), noppha (6enu Jyk, UpHU JyK, MaNpuKa, Kpactasail, OyHjeBa, laprapena u
rapasiaj3), UHyCTPHUjCcKor Omiba (coja) U KOpoBa (JIMBJbH CHpaK, KOPOBCKH MTPOCO U 3eJie-
HU MyXap), KOJU Cy IPUKYIUBCHH Y Pa3iii4uTUM arpOCKOJIOLIKIM ycinoBuma y Cpouju,
aHAJIM3NPAHM Cy Ha IPUCYCTBO Pyrenochaeta terrestris. Iibusa je yTBphena y 42 on
51 y3opka (82,4%), a cTeneH Hanana je Bapupao ox 2,5% no 72,5%. I'enepaito, Haj-
Behu cTeneH Hamnaza rjbuBe YTBPHCH je Ha KOPEHY JKHUTa (npoceK 30,3%), a 3aTuM Ha
KopeHy KopoBa (mpocek 14,2%) u3 nopoxnuue Poaceae. Mely nojennHayHuM BpcTama,
rJbuBa je y HajpeheM crerneny yTBpheHa Ha KOpeHy KyKypy3a (10 72,5%) u quBJber
cupka (1o 37,5%). Hacynpot Tome, ribuBa je pehe yrBpheHa Ha KOpeHY HOBPTApCKUX
KyJaTypa (mpocek 6,7%). Llpeenmiio (pyxudacrta, [pBeHKAcTa, [PBEHA U JbyOHU4acTa
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00ja) kKopeHa OuJIo je y Kopelaluju ca y4uectaoiihy rnojase ribuse. JlooujeHu nopau
yKa3yjy Ha TO 11a je P. terrestris mmpoxo pacrpoctpamena y CpOuju U Jja Cy TIOBOJbHH

YCIIOBH 32 H-EH Pa3Boj.
KIJBYUYHE PEYU: Pyrenochaeta terrestris, KopeH, y4ecTayiocT, )XHTa, c0ja, Mo-

Bphe, KopoB
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DETECTION OF PHOSPHATASE ACTIVITY
IN AQUATIC AND TERRESTRIAL
CYANOBACTERIAL STRAINS

ABSTRACT: Cyanobacteria, as highly adaptable microorganisms, are characterized
by an ability to survive in different environmental conditions, in which a significant role
belongs to their enzymes. Phosphatases are enzymes produced by algae in relatively large
quantities in response to a low orthophosphate concentration and their activity is signifi-
cantly correlated with their primary production. The activity of these enzymes was investi-
gated in 11 cyanobacterial strains in order to determine enzyme synthesis depending on
taxonomic and ecological group of cyanobacteria. The study was conducted with 4 terrestrial
cyanobacterial strains, which belong to Nostoc and Anabaena genera, and 7 filamentous wa-
ter cyanobacteria of Nostoc, Oscillatoria, Phormidium and Microcystis genera. The obtained
results showed that the activity of acid and alkaline phosphatases strongly depended on
cyanobacterial strain and the environment from which the strain originated. Higher activity
of alkaline phosphatases, ranging from 3.64 to 85.14 umolpNP/s/dm?*, was recorded in ter-
restrial strains compared to the studied water strains (1.11-5.96 pmolpNP/s/dm?). The activ-
ity of acid phosphatases was higher in most tested water strains (1.67-6.28 pmolpNP/s/dm?)
compared to the activity of alkaline phosphatases (1.11-5.96 umolpNP/s/dm?). Comparing
enzyme activity of nitrogen fixing and non-nitrogen fixing cyanobacteria, it was found that
most nitrogen fixing strains had a higher activity of alkaline phosphatases. The data obtained
in this work indicate that activity of phosphatases is a strain specific property. The results
further suggest that synthesis and activity of phosphatases depended on eco-physiological
characteristics of the examined cyanobacterial strains. This can be of great importance for
the further study of enzymes and mechanisms of their activity as a part of cyanobacterial
survival strategy in environments with extreme conditions.

KEYWORDS: acid phosphatases, alkaline phosphatases, cyanobacteria, enzyme ac-
tivity

* Corresponding author E-mail: jelica.simeunovic@dbe.uns.ac.rs

31



INTRODUCTION

Cyanobacteria, the oxygen-evolving photosynthetic prokaryotes originat-
ing about 3.5 billion years ago, occupy a credential position between pro- and
eukaryotes (Atzenhofer et al., 2002). Cyanobacteria successfully colonise al-
most all kinds of terrestrial and aquatic ecosystems, due to their high ecological
adaptability to different environmental conditions (Oren, 2000). They also
play an important role in the global cycling of elements, such as carbon, nitro-
gen and phosphorus (Sanudo-Wilhelmy et al., 2001). Cyanobacteria represent
productive and efficient biological system due to the fact that many cyanobacteria
have ability to perform both photosynthesis and nitrogen fixation together
with their efficient nutrient uptake mechanisms (Parveen and Pandey, 2011).

In the environment with widely fluctuating nutrient availability, cyano-
bacteria synthesize new proteins which contribute to survival of the organ-
isms and become a part of their unique survival strategy. In order to deal with
phosphate deprivation, cyanobacteria have devised a number of different
measures (Pandey, 2006). Since inorganic phosphate is the only form of phos-
phorus that is directly used by cells in most ecosystems, there is a deficiency
of phosphorus (Thingstad et al., 2005). Three main components involved in
phosphorous metabolism in cyanobacteria include: inorganic phosphate (Pi)
uptake, dissolved organic phosphorus (DOP) hydrolysis, and polyphosphate
(polyp) biosynthesis and catabolism (Duncan, 2010). During short periods of
phosphorous starvation, cyanobacteria use accumulated phosphate stored in
the form of polyphosphate reserves for cellular metabolism (Bhaya et al.,
2000). This enables cyanobacteria to propagate 3-4 cell divisions even when
the dissolved phosphate is entirely depleted (Chorus and Mur, 1999). During
long periods of phosphorus starvation, cyanobacteria produce extracellular
phosphatases, extracting phosphate from a wide spectrum of organic com-
pounds and converting it into biologically available inorganic phosphate and
organic moiety (Stihl et al., 2001).

Phosphatases (phosphomonoester hydrolases — PME) represent the group
of phosphohydrolases which play an important role in phosphate release in
aquatic environments (Matavulj and Flint, 1987; Chrost and Suida, 2002).
Phosphatases represent inducible catabolic ectoenzymes and their expression
is generally regulated by the external concentration of inorganic phosphate,
but the internal N:P ratio may also play a role in this process (Hoppe, 2003).
After the early phase of enzyme synthesis, phosphatases accumulate in the
periplasmic space and at the later stage they are released outside the cell (Pandey,
2006). Their activity is modulated by different physicochemical factors like
temperature, light, pH, micro and macronutrients, salinity and heavy metals
(Singh et al., 2000).

Alkaline phosphatases (APA) include a group of inducible isoenzymes
(Luo et al., 2010) which optimally react in pH ranging from 7.6 to 9.6 (Chrost
and Suida, 2002). Their role is to catalyze the hydrolysis of a variety of phos-
phate esters and to liberate inorganic phosphate (Chrost and Suida, 2002). The
active center of enzyme is conserved well, although the protein features of
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alkaline phosphatase are strongly divergent. Regulation of the APA synthesis
is carried out through a repression-derepression mechanism and by competi-
tive inhibition (Chrést and Suida, 2002). Phosphate causes repression of the
enzyme activity in a concentration dependent manner while lower amounts of
phosphate lead to derepression of the PMEase enzyme (Pandey, 2006).

Acid phosphatases represent a group of isoenzymes that optimally react
in pH ranging from 4.0 to 5.5. Regulation of synthesis often takes place with-
out any form of repression with inorganic phosphorus present in the environ-
ment (Chrost and Suida, 2002).

The importance of increased phosphorus loading in the process of eutrophi-
cation of water ecosystems was recognized at the end of the sixties (Matavulj
et al., 1990; Pandey and Tiwari, 2003). The low TN:TP ratio, together with ther-
mal stratification, reduces transparency and increases water temperature and pH,
and frequently enhances the occurrence of cyanobacterial blooms (Mischke,
2003). Since phosphorus is an important factor in the growth of cyanobacteria
and phosphorus concentration greater than 0,1 mg/L is sufficient to cause cyano-
bacterial blooms in aquatic ecosystems (Bartram et al., 1999), it is of great
significance to test phosphatase enzyme activity in cyanobacterial strains.

The aim of the present study was to investigate the changes in PMEase
activity of 11 cyanobacterial strains during the stationary phase of growth.
The other objectives include comparison of PMEase activity in terrestrial and
freshwater cyanobacterial strains as well as determining whether there is a differ-
ence in enzyme activity between nitrogen-fixing and non nitrogen-fixing strains.

MATERIALS AND METHODS

Cyanobacteria and culture conditions

Detection of phosphatase activity was performed in the cultures of 11
different cyanobacterial strains. Seven water cyanobacterial strains were iso-
lated from surface waters in the region of Vojvodina (Simeunovi¢, 2010) and
four strains were isolated from different soil types in Vojvodina (Simeunovic,
2005). All cyanobacterial strains that were examined belong to the Novi Sad
Cyanobacterial Culture Collection-NSCCC. The studied terrestrial strains belong
to the Nostoc and Anabaena genera, whereas the studied aquatic cyanobacterial
strains belong to the Microcystis, Nostoc, Phormidium and Oscillatoria genera.
Strain Microcystis PCC 7806 was purchased from Pasteur Culture Collection
(http://www.pasteur.fr/bio/PCC). The cyanobacterial strains were grown in
the laboratory conditions in liquid synthetic mineral medium BG-11 (Rippka
et al., 1979), with or without nitrogen, depending on the ability of the strains
to fix atmospheric nitrogen. The cultures were incubated photo-autrophically
at 22-24°C under illumination of cool white fluorescent light. Phosphatase
activity was determined on the 21 day of incubation, during the stationary
phase of growth.
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Enzyme assay

Phosphatase activity (PA) in the cyanobacterial cultures was measured
using the spectrophotometric method and enzyme activity was measured as
the rate of hydrolysis of the phosphatase substrate p-nitrophenylphosphate (p-
NPP, Sigma Aldrich), by detecting the released product, p-nitrophenol (Mata-
vulj, 1986). Activities of alkaline and acid phosphatases of tested strains were
determined at pH values of the appropriate sterile buffer (pHS and pH9) as
their potential activities at a temperature of 30°C. Phosphatase activities were
determined by adding 0.3 ml of 5% p-nitrophenylphosphate into 2.4 ml of
sample. After one hour of incubation, the reaction was interrupted directly by
adding 10 M NaOH and the result of enzymatic reaction was a yellow product,
para-nitrophenol (pNP). The intensity of the yellow color was proportional
to the level of phosphatase activity of the sample and therefore the sample
absorbance was measured at 420 nm using a spectrophotometer (Beckman
25). The calculation of enzyme activity was performed according to Matavulj
(1986). Sterile distilled water was used as a control. All enzyme assays were
done in triplicate and the results are expressed as mean values.

RESULTS

In order to determine the possible relationship between phosphatase ac-
tivity and taxonomic and ecological background of the studied cyanobacteria,
comparison of the enzyme activity was made during the stationary phase of
the growth between water and terrestrial strains, as well as between nitrogen-
fixing and non-nitrogen-fixing strains.
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When analyzing the phosphatase activity in terrestrial strains, it was ob-
served that the activity of alkaline phosphatase ranged from 3. 64 to 85.14
umoleP/s/dm while the activity of acid phosphatase ranged from 3.66 to 5.48
umolpNP/s/dm?, indicating a higher activity of the enzyme alkaline phosphatase
(Figure 1). The hlghest AP activity was detected only in Anabaena strain LC,B
(85.14 pmolpNP/s/dm’ ) compared to the other terrestrial strains, and the lowest
activity was recorded in Nostoc strain 2S; (3.64 umoleP/s/dm3) Acid phos-
phatase was less actlve in the studied terrestrial strains, ranglng from 3.66 to
5.48 umolpNP/s/dm?>. The exception was the strain 2S, and in case of this strain
an increased activity of acid phosphatase was observed (5.01 umolyNP/s/dm3)
in comparison with the alkaline phosphatase (3.64 pmolpNP/s/dm”).

Unlike terrestrial strains, most of the water strains (86%) were character-
ized by a higher activity of the acid phosphatase in comparison to alkaline
phosphatases (Figure 2). An exception was the strain Phormidium (Pali¢) in
which acid phosphatase showed a lower activity than the alkaline phosphatase
The activity of alkaline phosphatase ranged from 1.11 to 5.96 umoleP/s/dm
while the acid phosphatase activity ranged from 1.67 to 6.28 umoleP/s/dm
Acid phosphatase in the examined strains was almost equally active in strains
Oscillatoria (DTD Becej) and Oscillatoria (Tavankut) with values of 6.18
umolpNP/s/dm® and 6.28 pumolpNP/s/dm’, respectively (which also represent
the highest recorded value of acid phosphatase activity in the examined aquat-
ic strains). The strain with the lowest activity of acid phosphatase was strain
Phormidium (Pali¢) (1.67 pmolpNP/s/dm?).

In case of nitrogen fixing cyanobacteria, the act1V1ty of alkaline phos-
phatase ranged from 3.27 to 85.14 umolpNP/s/dm?, while the range of acid
phosphatase enzyme activity was lower, with values between 3.49 and 5.48
umolpNP/s/dm? (Figure 3). Thus, in most nitrogen-fixing strains (60%) a higher
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activity of alkaline phosphatases was observed. The exceptions were strains
28, and Nostoc (Zobnatica) in which a higher activity of acid phosphatase was
detected. The highest AP activity, reaching the value of 85.14 umolpNP/s/dm?,
was detected in cyanobacterial strain Anabaena LC,B.

The results obtained for non-nitrogen-fixing strains showed dominant
activity of a01d phosphatase, and the values ranged from 1.67 to 6.28
umolpNP/s/dm? (Figure 4). Alkaline phosphatase in these strains showed a
lower activity than the acid phosphatase, with values between 1.11 and 5.98
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pumolpNP/s/dm?. The exception was the strain Phormidium (Pali¢) which was
characterized by increased activity of alkaline phosphatase (3.06 umolpNP/s/
dm?®) compared to acid phosphatase (1.67 pmolpNP/s/dm?).

DISCUSION

Based on the results obtained by examining cyanobacterial strains, it can
be noticed that the phosphatase activity is a strain specific property. The results
suggest that during growth under laboratory conditions each strain reacts dif-
ferently to the environmental conditions; some strains are characterized by the
dominance of alkaline phosphatase, while in the others there was a higher activ-
ity of acid phosphatase. This leads to a conclusion that an organism of a given
genotype is a very much product of its environment (Tempest and Neigssel,
1978). Singh et al. (2007) have collected similar data indicating that the phos-
phatase activity is a species-specific property. The results of Tetu et al. (2009)
indicate that different species and even different strains of the same species are
likely to react quite differently to phosphate deficiency. The physiological man-
ifestation of P stress, nutrient requirements and uptake capacity are complex
and variable among cyanobacterial species and strains (Schreiter et al., 2001).

In this study the enzymatic activity was compared between aquatic and
terrestrial strains, as well as between nitrogen-fixing and non-nitrogen-fixing
strains. It was observed that the phosphatase activity was clearly during the sta-
tionary phase of growth differs between terrestrial and water strains, as well as
between nitrogen-fixing and non-nitrogen-fixing strains. In 3 out of 4 terrestrial
strains alkaline phosphatase had greater activity than acid phosphatases. Unlike
terrestrial strains, 6 of 7 water strains were characterized by high activity of the
enzyme acid phosphatase during the stationary phase of growth. The results in-
dicate that there is a connection between enzymatic activity and the processes of
cell differentiation (sporulation, formation of heterocyst) in cyanobacteria. This
may explain the higher activity of alkaline phosphatase in the majority of nitro-
gen-fixing cyanobacterial strains examined in this study, because during their
life-cycle they form heterocysts and often permanent spores. Pandey et al. (1991)
had similar results and they observed a higher activity of alkaline phosphatase in
a wild type Anabaena dolium during sporulation which suggests that the enzyme
activity is related to sporulation rather than the phosphate starvation. The as-
sumption that the induction of the APase activity during P-stress may be con-
sidered as an early biochemical event preceding sporulation is strengthened by
the observation that excess phosphate inhibits both sporulation and alkaline
phosphatase activity (Pandey, 2006). Banerjee and John (2005) showed that
the phase of rapidly increasing phosphatase activities correlates with the grad-
ual loss of ability to form hormogonia in some examined Rivularia strains.

The results of this study show different activity of acid and alkaline phos-
phatases depending on their origin and eco-physiological characteristics. On the
basis of these results, we may assume that there could be a connection between
enzymatic activity and the taxonomic and ecological groups of cyanobacteria.
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Whitton et al. (1998) indicate that the taxonomic affiliation and origin of cyano-
bacterial strains play an important role in the phosphatase activity in cyanobacte-
ria, and their results suggest that representatives of family Rivulariacae have a
greater activity in comparison with the strains which do not belong to this family.

Enzymatic activity is modulated by macro- and microelements present in
the medium and in the cell (Pandey, 2006). The examined cyanobacterial strains
were grown in mineral medium containing EDTA complex and Mg** and Zn**
ions. Therefore, there is a possibility that the mineral medium could influence
the enzyme activity in some strains. In this study enzymatic activity was meas-
ured during the stationary phase of growth, when concentration of nutrients in
the medium is considerably reduced, which could also affect the activation of
certain types of phosphatase enzymes. Pandey (2006) reported the requirement
for Mg?" in the APase activity in four diazotrophic cyanobacterial strains. There
are several reports of enhanced phosphatase activity in cyanobacterial strains in
response to elevated calcium (Whitton et al., 2005). Relatively low level (1 pM)
of all micronutrients (Mn?, Cu*", Zn®>" and Fe’") enhanced the activitg of
PMEase or kept it stable (Pandey, 2006). Tons such as Na*, K, Fe*" and Zn*" at
moderate concentrations had a stimulating effect on phosphatase activity in
Lyngbya majuscula (Al-Shehri, 2006). Singh et al. (2007) show that salinity
(NaCl) significantly stimulated phosphate uptake which is followed by a greater
P-accumulation in the cells. Therefore, the availability and concentration of cer-
tain nutrients may play an important role in regulation of phosphatase synthesis
in cyanobacteria. Liu et al. (2011) showed that the lower concentrations of
inorganic phosphate led to inhibition of the cell growth rather than cell death.
Pandey (2006) registered a decrease in phosphatase activity during incuba-
tion, which correlates with a gradual increase in internal phosphorus content.
In cyanobacterial cells internal phosphate pool regulates the synthesis of re-
pressible phosphatases (Fitzgerald and Nelson, 1996). Thus, the concentration
of phosphate initially supplied in the medium and the cellular phosphate level
significantly affect the time required for the expression of phosphatase (Ku-
mar et al., 1992). Banerjee (2007) found the presence of significant phos-
phatase activity in cyanobacteria strain Calothrix anomala 182 even when the
concentration of P in the medium was high. Besides this, physical factors like
temperature and light significantly affect the enzymatic activity. In case of
cyanobacteria Anabaena oryzae enzymatic activity was greatly reduced in
cells that were incubated in the dark, compared with cells incubated in light
conditions, which indicates that photo energy is required for the synthesis of
APases (Singh and Tiwari, 2000). From this point of view, further study of the
influence of different factors on enzyme phosphatases in the examined cy-
anobacterial strains would be of great importance.

CONCLUSION

Analysis of phosphatase activity in water and terrestrial cyanobacterial
strains provided the evidence that there is a strong connection between enzy-
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matic activity and the taxonomic and ecological groups of cyanobacteria. Ac-
tivity of alkaline phosphatases was dominant in most of the examined terres-
trial and nitrogen-fixing cyanobacteria during the stationary phase of growth.
On the other hand, acid phosphatases showed a higher activity in the largest
number of water and non nitrogen-fixing cyanobacteria. The results suggest
that synthesis and activity of these enzymes are the specific property of every
cyanobacterial strain. The obtained results are significant for the study of
cyanobacterial metabolism and their responses to environment conditions. In
that respect it is very important to understand how different factors affect
phosphatase activity of cyanobacteria, which requires further investigations.
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JETEKIINJA ®OCPATAZHE AKTUBHOCTU KO BOJEHNX 1
3EMJBUIITHNUX COJEBA LIMJAHOBAKTEPUJA

Onugepa b. baduh, Jenuna b. Cumeynosuh, Hatama 3. [lxkpouh,
[Hajana J. Kosau, 3opuna b. CBupuen
VYuusepsurer y Hobom Cany, [IpuponHo-maremMaTnaku GaxKyaTeT,
JemapTMaH 3a OHOJIOTH]Y U €KOJIOTH]Y,
Tpr Jocuteja O6pamosuha 2, 21000 Hosu Cax, Cpouja

PE3UME: llujaHoOakTepuje ce Kao BPJIo aJanTHOMIHA MUKPOOPTaHU3MH OJJIH-
Kyjy crocoOHomhy MpeXHBIbaBama y Pa3siIuYUTHM HETMOBOJEHUM YCIOBHMA CIIO-
Jballllbe CPeIMHE y YeMy 3HauajHa yJora npuiaja lbuxoBUM eH3uMuMa. docdarase
(bocdomoHoecTEpase) NpeacTaBibajy eH3UME KOje MUKPOOPraHU3MH, yKIbYdyjyhu u
MHKpOAJIre, MPOAYKY]y Y PEIaTHBHO BEIMKUM KOJIMYMHAMA KA0 O/rOBOP HA HHUCKY
KOHLICHTPALM]y Heoprauckor Gpocpopa. AKTHBHOCT JiBe rpyne pocharasa (Kucenux
Y alKaJIHUX) UCIIMTHBaHA je Ko 11 ¢pumamMeHTO3HHX cojeBa LMjaHOOAKTepHja y IIHIbY
onpehuBama CHHTE3¢ U AKTUBHOCTH €H3MMa Y 3aBUCHOCTH OJ] TAKCOHOMCKE M €KO-
JIOLIKe T'pyne nujanobakTepuja. McnuTuBama cy BpuieHa ca 4 a3otoduxcupajyha 3e-
MJBHIITHA COja [TUjaHo0aKTepHja Koju puraajy porosuma Nostoc n Anabaena, kao u
ca 7 BOIGHUX cOjeBa KOju cy peacTaBHUIH ponosa Nostoc, Oscillatoria, Phormidium
u Microcystis. Pe3ynraTu NCIMTHBAbA yKa3alu Cy HA JOMHHAHTHY aKTHBHOCT aJl-
KaJHUX (Qocdaraza kox BehuHe HCIUTHBAHUX 3€MJBHIIHUX COjeBa ]_[I/I_]aHO6aKTepI/I_]a
(75%) mpu yeMy ce aKTHBHOCT KpeTana of 3,64 1o 85,14 umolpNP/s/dm’. Huxa ak-
TUBHOCT ankaiHux ¢ocdaraza (1,11 mo 5 96 umoleP/s/dm3) KOHCTaTOBaHa je KOJ
Behune BozieHnX cojeBa y nopehemy ca semsbunnM cojesuma. Kucene docdarase cy
rnokasasie 3Ha4yajHo Behy akTUBHOCT KOl BehUHE BOJCHHUX COjeBa (86%) [IpU 4eMy Cy
Ce ICTEKTOBaHEe BPEAHOCTH KpeTalie Off 1,67 no 6,28 umoleP/s/dm Pesynratu ncriu-
THBamwa Cy yKa3alld Ha TO Jia je aKTUBHOCT eH3uMa (ocdarasza CBOjCTBO CIELUPUIHO
3a CBaKH II1jaHOOAKTEPUjCKH COj (COj-CTIen(UIHO CBOjCTBO) U /1a 3HAYAJHO 3aBHCH OJI
wuxoBor nopekia. [lopenehn aktTuBHOCT eH3uma pocdarasa uzmehy azoropukcupa-
Jyhux u Heazoropuxcupajyhux cojeBa, KOHCTaTOBaHO je /1a je Beha akTUBHOCT aJIKaTHUX
¢docaraza Ouna kapakTepucTUYHA 32 BehMHY HCIUTUBAHUX a30TO(UKCHpajyhux co-
jesa (60%), noxk je kon Behnue HeazoTopukcaTopa 3adenexeHa JOMUHAIM]ja aKTHBHO-
ctH kucenux pocdarasza (83%). JJobujenu pesynTatu uay y Npuiior TOMe Aa aKTUBHOCT
OBHX CH3HMMa 3HAYajHO 3aBUCH U 0] eKOPHU3UOIOMKNX KaPAKTECPUCTHKA TECTHPAHUX
LHjaHOOAKTepHjCKUX cojeBa. CBaKako O OJ BEJIMKOT 3Hadaja OUIIO CIPOBECTH Jasba
WCIUTHBAKhA aKTHBHOCTH OBHX €H3MMa y 3aBUCHOCTH O] Pa3IMYUTHX (HaKTOpa CIio-
Jballllhe CPpeIHE U MeXaHh3aMa BbUXOBOT JIeI0Bambha Kao JieJla CTpaTeruje MpeKuBIba-
Bama [[MjaHO0AaKTEePHja Y HETIOBOJFHUM YCIIOBHMA CIIOJBAIIELE CPEIIHE.

KJbYUYHE PEYU: kucene docdarase, unjanodaxtepuja, ankanse pocdarase,
€H3UMCKa aKTUBHOCT
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LEAF STRUCTURAL ADAPTATIONS OF TWO LIMONIUM
MILLER (PLUMBAGINALES, PLUMBAGINACEAE) TAXA

ABSTRACT: Limonium gmelinii (Willd.) O. Kuntze 1891 subsp. hungaricum (Klokov)
So06 is Pannonian endemic subspecies that inhabits continental halobiomes, while Limonium
anfractum (Salmon) Salmon 1924 is one of the indicators of halophyte vegetation of marine
rocks and its distribution is restricted to the southern parts of Mediterranean Sea coast. In this
work, micromorphological and anatomical characters of leaves of these two Limonium taxa
were analyzed, in order to examine their adaptations to specific environmental conditions on
saline habitats. The results showed that both taxa exhibited strong xeromorphic adaptations
that reflected in flat cell walls of epidermal cells, thick cuticle, high palisade/spongy tissue
ratio, high index of palisade cells, the presence of sclereid idioblasts in leaf mesophyll and
mechanical tissue by phloem and xylem. Both taxa are crynohalophytes and have salt glands
on adaxial and abaxial epidermis for excretion of surplus salt. Relatively high dimensions
of mesophyll cells, absence of non-glandular hairs and unprotected stomata slightly increased
above the level of epidermal cells, are also adaptations to increased salinity.

KEYWORDS: adaptations, anatomy, epidermis, halophytes, leaf, salt glands

INTRODUCTION

Genus Limonium includes 87 species grouped in three sections. The typ-
ical section contains the highest number of species and some European en-
demic species (Pignatii, 1972). Limonium anfractum (Salmon) Salmon 1924
and Limonium gmelinii (Willd.) O. Kuntze 1891 belong to the typical section.
Like a number of species from this section and this genus in Europe, they
inhabit xerotermic habitats, thus being exposed to physical or, more often,
physiological drought.

* Corresponding author E-mail: lana.zoric@dbe.uns.ac.rs
Runing title: Zori¢ L. et al. Leaf anatomy of Limonium taxa

43



L. gmelinii, especially subsp. hungaricum (Klokov) Soo6 spreads in re-
gions with continental climate, with some influences of maritime climate. It
is present in the Aralocaspian-Southsiberian-Pontic-Pannonian area, and in-
habits marshy terrains of the steppe zone that spreads to the west up to South
Slovakia and Austria (Meusel et al., 1978). This species has two subspecies
with deffined areas of distribution. Eastern subspecies, hypanicum (Klokov)
S0, is distributed in steppe regions of Ukraine and Moldavia (Romania) and
inhabits the eastern parts of species area (Sod, 1970; Pignatii, 1972). The
Pannonian endemic subspecies hungaricum (Klokov) So6 is distributed in
Romania, Hungary and Slovakia, where it inhabits continental halobiomes as
a member of the Festucion pseudovznae alliance (S06, 1970; Rehorek and
Maglocky, 1999). In the marshes in north Serbia it was recorded for the first
time near Kovilj (Zorkdczy, 1896). Today, it is present in three forms — f.
hungaricum, f. obtusum (Schur) So6 and f. acuminatum (Schur) So6 — in differ-
ent types of marsh habitats in the regions of Backa and Banat (northern Serbia),
mostly in the soils with lower salt content (Bodrogkdzy, 1966; Knezevic,
1994; Budak, 1998).

L. anfractum inhabits places with maritime climate. Its distribution is
restricted to the southern parts of Mediterranean Sea coast (Albania, Monte-
negro) (Pignatii, 1972), and southern parts of the Croatian coast, up to Dub-
rovnik coast, with islands (Ilijanic, 1994). This is Illyrian-Adriatic endemic
species which lives on limestone rocks as a characteristic species of halo-
phytic Limonietum anfracti association (Ilijanic and Hecimovic, 1982). It is
one of the indicators of halophytic vegetation of marine rocks and cliffs, where
it is often pounded by the sea waves. Both taxa are exposed to direct sunlight
during their vegetation.

Anatomical structures of plant organs, especially leaves, change, thus
enabling the plant to adaptate to its environment. Therefore, the histological
components of the leaf seem are the most satisfactory parameters for the study
of the relations between xeromorphous structures of plants and their habitat,
although the anatomy of other plant organs could also give additional information
(Colombo and Trapani, 1992). Colombo (2002) examined morpho-ana-
tomical characters of 25 Limonium species from Sicily and found that their
differences in root structure were of little importance, and the differences the
stem and inflorescence axis insignificant, and therefore unsuitable from taxo-
nomic point of view. He proposed foliar architecture as remarkable discrimi-
nating character for Limonium species. The presence of different types of
sclereids, which proved to be morphologically different in different species, is
also typical for this genus (Colombo, 2002). They strengthen the leaves and
give them mechanical support.

Both examined Limonium taxa are crynohalophytes and they have epi-
dermal salt glands for excretion of surplus salt (Fahn and Cutler, 1992; Ste-
vanovic and Jankovic, 2001). In genus Limonium those glands consist of
four secreting cells arranged in a circle, each with a secreting pore, four internal
cup-cells and two circles of four collector cells (Metcalfe and Chalk, 1957;
Janjatovic and Merkulov, 1981; Vassilyev and Stepanova, 1990; Co-
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lombo and Trapani, 1992). In Limonium species investigated by Colombo
(2002), glands were 12 to 16 celled, small in number and large on the upper
side, and small in size and numerous on the lower side. In 12-celled types,
four cells are secretional, four internal and four external. Each internal cell
bears a pore, separated by a cross and enclosed in a ring. At the base of the
gland appear four storing cells which secrete salt. Glands appear on both leaf
sides, but are more numerous abaxially. Salama et al. (1999) described the
structure of salt glands of three Limonium species. They found that the glands
were composed of 16 secretory cells, arranged in four circles, and four sub-
basal collecting cells. NaCl was the most abundant salt excreted.

The aim of this research was to examine leaf anatomical characteristics and
particularly leaf epidermal tissue of two Limonium taxa endemic to Serbia,
with special attention to their adaptations to specific environmental conditions
in saline habitats.

MATERIAL AND METHODS

Specimens of Limonium gmelinii subsp. hungaricum were collected from
salt marsh near Secanj (northern Serbia) and Limonium anfractum from Val-
danos (the Mediterranean coast, Montenegro), where those species grow as
endemic. Voucher specimens were deposited in the Herbarium of the Depart-
ment of Biology and Ecology, Faculty of Sciences, University of Novi Sad
(BUNS) For anatomical investigations leaves of ten plants were used. For light
microscopy, cross sections of the fresh leaves were made at the region of the
main vein and at 1/4 of leaf width using Leica CM 1850 cryostat, at a tempera-
ture of -20° C and at cutting intervals of 25mm. Sections were observed and
measurements made using Image Analyzing System Motic 2000. Data were
statistically processed using StaTistica for Winpows version 10.0. Signifi-
cance of differences between the taxa was determined using t-test. For scan-
ning electron microscopy (SEM) small pieces of leaves fixed in FAA were
frozen in liquid N, and viewed with JEOL JSM-6460LV under the pressure of
50Pa, using BEI, at an acceleration voltage of 10 kV.

RESULTS

The leaves of Limonium gmelinii subsp. hungaricum and L. anfractum
have a single layer of epidermis, formed of almost isodiametric, relatively large
cells, with flat cell walls (Fig. 1. and Fig. 2). Adaxial and abaxial epidermal
cells of L. gmelinii subsp. hungaricum leaves show no significant differences
in size and cuticle thickness (Tab. 1). The cells of abaxial epidermis are thick
walled and smaller only in the region of the main vein. The epidermal cells of
L. anfractum leaves have thick outer cell walls and are significantly larger
adaxially. The cuticle is thicker, but not significantly, on the adaxial epidermis,
with cuticular ornamentations, which are not very pronounced.
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Stomata of anisocytic type occur on both leaf surfaces of these species
and are slightly increased above the level of epidermal cells. They are signifi-
cantly more numerous and narrower on the adaxial epidermis, but of almost
the same length on surfaces in L. gmelinii subsp. hungaricum. In L. anfrac-
tum they are significantly more numerous and narrower on the abaxial epider-
mis, while of similar length on both epidermises (Tab. 1).

Secretory glands are present on both leaf surfaces. They are equally nu-
merous on leaf surfaces in L. gmelinii subsp. hungaricum, while significantly
more numerous on abaxial epidermis in L. anfractum (Tab. 1). The glands are
of almost the same diameter on both surfaces. In L. anfractum, they are sur-
rounded by a ring of raised, large epidermal cells.

The L. gmelinii subsp. hungaricum leaves have dorsiventral structure (Fig.
3). The mesophyll consists of 23 layers of palisade and 5—6 layers of spongy
tissue cells. The index of palisade tissue cells (length/width ratio) is rather high
(7.1); cells are very narrow, which is the characteristic of plants exposed to a
strong insolation (Tab. 2). Spongy tissue cells are rounded in shape, but the cells
of the first layer under abaxial epidermis are elongated. The thickness of the
palisade tissue is 47.2% and spongy tissue 41.9% of leaf thickness, their ratio
being 1.1. In the mesophyll, branched sclereids of irregular shape occur. The
closed collateral vascular bundles are linearly arranged, with sclerenchyma tis-
sue by phloem and xylem. Lamina rostrum is thin and elongated.

The main vein is prominent abaxially, the ratio of leaf thickness at the
main vein/leaf thickness at 1/4 of leaf width being 2.47. It contains 4-6 ran-
domly arranged vascular bundles, completely surrounded by a few layers of
sclerenchyma cells and one layer of parenchyma sheath containing starch
grains. A layer of collenchyma occurs under abaxial epidermis.

The L. anfractum leaves are isolateral (Fig. 4.). Palisade tissue under
adaxial epidermis is composed of 23 layers of elongated cells (length/width
ratio being 5.1), while of 1-3 layers under abaxial epidermis (Tab. 2). Between
them, 2—4 layers of rounded spongy tissue cells occur. The palisade tissue is
much thicker than spongy tissue (their ratio being 2.9) and it makes 63.7% of
the leaf thickness. In mesophyll, branched sclereids in the form of idioblasts
are also present, as well as linearly arranged vascular bundles. Rostrum is
short, composed of only a few cells.

The main vein is not prominent (the ratio of the leaf thickness at the main
vein/leaf thickness at the 1/4 of leaf width being 1.28). Only one vascular
bundle, with groups of sclerenchyma by phloem and xylem, occurs in it. Pali-
sade tissue cells under the abaxial epidermis are not present in the region of
the main vein.

DISCUSSION

On the basis of leaf anatomical characteristics of the two examined Li-
monium taxa, it could be seen that both of them show a combination of halo-
morphic and xeromorphic structures. The leaves of both taxa had a relatively
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thick cuticle, flat anticlinal walls of epidermal cells, better developed palisade
than spongy tissue (high palisade/spongy tissue ratio), elongated, narrow pal-
isade tissue cells (relatively high palisade cell’s index), sclereid idioblasts in
leaf mesophyll and mechanical tissue by phloem and xylem, which were adap-
tations to constant direct insolation and physiological drought. Moreover, on
L. anfractum leaves, cuticular ornamentations, significantly thicker cuticles,
thick outer walls of epidermal cells, presence of palisade tissue under abaxial
epidermis and significantly higher palisade/spongy tissue ratio were noticed
as an additional adaptations to higher insolation on marine cliffs.

According to Colombo (2002) all groups of Limonium species are ana-
tomically very heterogeneous. In the species investigated by this author, salt
glands were more numerous and smaller on abaxial lamina side. Our results
showed that only L. anfractum had more salt glands abaxially, whilst their size
was similar on both lamina sides. The structure of salt glands corresponded to
the one previously described by several authors (Metcalfe and Chalk, 1957;
Janjatovic and Merkulov, 1981; Vassilyev and Stepanova, 1990; Co-
lombo and Trapani, 1992; Colombo, 2002). The average lamina thicknesses
in species investigated by Colombo (2002) ranged from 260 to 500um, and
the average palisade tissue thickness was about 65 pm. In our examined mate-
rial these values were significantly higher, especially for palisade tissue.

Compared to the mesophyll structures of L. lopadusanum, L. intermedium
and L. albidum, three species endemic to Pelagic Islands, two examined taxa had
thicker palisade tissue and higher ratio of palisade and spongy tissue thickness
(Colombo and Trapani, 1992). For Limonium species only dorsiventral leaf
structure was previously reported (Metcalfe and Chalk, 1957, Colombo
and Trapani, 1992, Colombo, 2002). According to de Fraine (1916, in
Metcalfe and Chalk, 1957) L. binervosum, which is the species that inhabits
marine clifs and rocks, has normally isobilateral mesophyll, but showing dor-
siventral structure when raised from seed in cultivated ground. It also has vascular
bundles surrounded by sclerenchyma, and branched sclereids in mesophyll. In the
mesophyll of L. intermedium and L. bellidifolium sclereids were not recorded.

The two examined taxa also showed halomorphic adaptations to an in-
creased salinity, such as relatively high dimensions of epidermal and meso-
phyll cells, absence of protective structures on the epidermis, relatively small
number of stomata per mm?, stomata unprotected and slightly increased above
the level of epidermal cells, and salt glands on both leaf surfaces. Comparison
of halomorphic characteristics of two taxa showed that L. anfractum had
significantly larger cells of adaxial epidermis and mesophyll and significantly
smaller number of stomata on the adaxial epidermis, which could be explained
by the higher salinity of the habitat.
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Figure 1. L. gmelinii subsp. hungaricum adaxial epidermis and salt glands:
SEM micrographs of adaxial surface (A, B) and light micrograph of the cross-section (C)
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Figure 2. L. anfractum adaxial epidermis and salt glands: SEM micrographs
of adaxial surface (A, B) and light micrograph of the cross-section (C)



C

Figure 3. Light micrographs of L. gmelinii subsp. hungaricum lamina cross sections:
A —lamina at % of the width; B — the main vein; C — leaf margin
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Figure 4. Light micrographs of L. anfractum lamina cross sections: A —lamina at %4
of the width; B — the main vein; C — leaf margin; D — sclereid in mesophyll

Tab. 1. Characteristics of the epidermis (mean values + standard error).

Limonium gmelinii

subsp. hungaricum

Limonium anfractum  T-test

Adaxial epidermis

Thickness (pum) 28.8+ 1.2 341+ 1.7 *
Percentage of lamina thickness (%) 5.6% £ 0.3% 7.0% £ 0.5% *
Area of abe cells (um?) 1178 £49.5 1096 + 68.8 ns
No. of stomata /mm? 943 +47 572+2.4 o
Stomata length (um) 367+ 1.0 38.1+0.7 ns
Stomata width (um) 22.7+0.6 28.1+0.6 o
No. of salt glands/mm? 109+ 0.5 6.7+0.2 ok
Diameter of salt glands (pum) 33.9+0.6 344+0.8 ns
Cuticle thickness (um) 2.3+0.1 32+0.1 *ok
Abaxial epidermis

Thickness (um) 289+09 304+1.5 ns
Percentage of lamina thickness (%) 5.6% £ 0.2% 6.1% + 0.3% ns
Area of ade cells (um?) 1012 = 70.1 1594 £+ 123.6 *E
No. of stomata /mm? 74.2+£2.0 78.0+2.8 ns
Stomata length (um) 36.3+0.8 36.3+0.7 ns
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Stomata width (um)

No. of salt glands/mm?
Diameter of salt glands (um)
Cuticle thickness (um)

26.8+0.8
10.3+0.5
33.4+£07
2.5+0.1

25.5+0.6
9.3+0.5
329+0.8
2.9+0.1

ns
ns

ns
k3k

* *¥* ns —according to t-test, differences between the taxa significant at p<0.05, p<0.01 or not

significant, respectively.

Tab. 2. Characteristics of mesophyll leaf (mean values + standard error).

Limonium gmelinii

. Limonium anfractum  T-test

subsp. hungaricum
Tissue thickness
Lamina (pm) 529+ 174 481 +30.1 ns
Mesophyll (um) 470 +18.9 413 +304 ns
% of lamina thickness 89.1% + 0.8% 87.0% + 1.1% ns
Palisade tissue (adaxially) (pm) 249 +11.7 206 +16.5 *
% of lamina thickness 47.2% +1.2% 42.3% + 1.5% *
Palisade tissue (abaxially) (um) 0 106 = 11.0 HoE
% of lamina thickness 0 21.4% =+ 1.0% ok
Spongy tissue (um) 221 +£10.7 111 £6.6 *E
% of lamina thickness 41.9% + 1.1% 23.3% + 1.3% HoE
Palisade/spongy tissue ratio 1.1+0.1 29+0.2 ok
The size of the cells
Area of palisade cells (um?) 1526 £72.4 1964 + 89.8 o
Area of spongy cells (um?) 1205+ 61.9 1295 £ 84.5 ns
Palisade cells height (um) 102+£2.9 102 +4.2 ns
Palisade cells width (pum) 14.6£0.5 20.3+£0.5 ok
Index of palisade cells 71+0.2 51+£0.2 *E
No. of palisade cell layers 3 2-3 (ad); 1-2(3) (ab)
The main vein
Main vein thickness (pm) 1303 +39.5 615+46.6 o
No. of vascular bundles 4-6 1

* *¥* ns —according to t-test, differences between the taxa significant at p<0.05, p<0.01 or not

significant, respectively.

53



CTPYKTYPHE AJIATITALIMJE JIMCTA IBA TAKCOHA POJIA
LIMONIUM MILLER (PLUMBAGINALES, PLUMBAGINACEAE)

Jlana H. 3opuh, I'opan T. Anaukos, /lyma C. Kapanosuh,
Jagpanka XK. Jlykosuh
Yuusepsuter y Hosom Cany, IpiupogHo-mareMaTHIKH ¢axyinrer,
JemapTmaH 3a 6uonorujy u ekonorujy, Tpr Jocuteja O6pamosuha 2,
21000 Hosu Can, Cpbuja

PE3UME: Limonium gmelinii (Willd.) O. Kuntze 1891 subsp. hungaricum
(Klokov) So6 je maHOHCKH €HJIEM KOji HaceJbaBa KOHTUHEHTAIHE Xajl00HoMe, 0K je
Bpcta Limonium anfractum (Salmon) Salmon 1924 jenan ox uHIUKaTOopa xanoq)mcxe
MOpCKE BereTaluje u mbeHa qucTpulyiifja orpaHrueHa je Ha Jy)KHH JIe0 MeUTEpaH-
cke obae. Y paxy cy aHaIH3HPaHe MHKPOMOPQOIIOIIKE H aHATOMCKE KapaKTEePUCTH-
Ke JIMCTOBA JIBa TAKCOHA poja Limonium y UNJby UCIUTHBAbA (bUXOBE aJalTalije Ha
crieunpuIHe YCIOBE 3aCabeHOT CTanuTa. Pesynraru cy nokasanu ga 06a Takcona
[OCeayjy KapaKTepUCTHYHE KCepoMOp(HE afanTannje y BUIy paBHUX NeNHjCKUX 3H-
JIoBa enuaepMaIHux henmja, 3anedsbale Ky THKYIIE, BHCOKE BPETHOCTH OJJHOCA ITaJTH-
caJiHOT U cyHhepacTor TKMBa, BUCOKE BPEJHOCTH UHJIEKCA MalucaaHux henuja, mpu-
CYCTBa CKJIepenia y Me30(uily JIMCTa 1 MEXaHHYKOT TKMBa y3 KCriieM U ¢uioeM. O6a
TaKCOHa Cy KpuHOXxajo(uTe u Ha aJlaKCHjaJIHOM U Ha abaKCHjaTHOM EMuJIEPMUCY
MOCeyjy CIIaHE KIIe3/e 33 M3Iy4HBamk¢ BUINKA conlu. PeratmBHO kpymHe hemmje
Me30(uia, 0ICYyCTBO HEXKJIIE3JaHUX TPUXOMa Kao U He3alITiuheHe crome Koje cy Oia-
ro M3IMTHYTE M3HAJ MOBPIIMHE SNUCpMHUca Takohe cy amanTanuja Ha noBehaHy
KOHLICHTPALIUjy COJIM HA CTAaHHIITY.

KJbYUYHE PEYM: apanTanuja, anaToMuja, €nuIepMHUC, Xalo(huTe, JIUCT, CIaHe
KIiesne
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STRUCTURAL ADAPTATION OF SALSOLA SODA L.
(CHENOPODIACEAE) FROM INLAND AND
MARITIME SALINE AREA

ABSTRACT: The microscopic analysis of leaf and stem in two populations of Sal-
sola soda was carried out in order to examine mechanism of anatomical adaptations to en-
vironmental condition on saline habitats and to determine if there exists a morpho-anatom-
ical differentiation between populations from maritime and inland saline area. Analysis
included 26 quantitative characters of leaf and stem. The results showed that both popula-
tions exhibited halomorphic and xeromorphic adaptations, which refered to ecological plas-
ticity and adaptations of plants to their habitats. Our research also showed that S. soda had
quite a stable morpho-anatomical structure, since only quantitative changes were recorded.

KEYWORDS: anatomy, halophytes, leaf, Salsola soda, stem

INTRODUCTION

Soil salinization is an increasing problem world-wide. Global estimates
indicate that at least 1.5 billion hectares of land are salt-affected (Choukr-Al-
lah, 1996). In many oil production areas, contamination of soils with oilfield
brines is a significant environmental problem (Merrill et al., 1990). Brine salts
are predominantly chlorides, 90% or more NaCl (McMilion, 1965). Some ions
contained in the brine solution, such as N**, CI', Ca*", Mg®*, K" and SO4*, can
be phytotoxic if concentrations are above levels that plants can tolerate, even
though most of these elements are essential for plant growth (Munn and Stewart,
1989).

* Corresponding author E-mail: dubravka.milic@dbe.uns.ac.rs
Running title: Mili¢, D. et al., Structural adaptation of Salsola soda
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The United Nations Environment Program (UNEP) estimates that 20%
of the agricultural land and 50% of the cropland in the world is salt stressed
(Flowers and Yeo, 1995). Because of this the latest investigations were focused
on amelioration methods (Qadir et al., 2001, 2002, 2005; Li et al., 2004). On the
other hand salt-accumulating halophytes could be used to revegetate and im-
prove the quality of saline soils (Flowers et al., 1986; Zhao, 1991). Halophytes
have adopted different strategies in order to survive periodic soil saturation.
They are usually divided into euhalophytes, which have succulent structure
and accumulate salt in their tissues, and crinochalophytes, which are capable
of excreting salt, usually through salt glands and bladders (Zhao et al., 2002;
Voronkova et al., 2008). Specific conditions of salt soils, primarily high con-
centration, different quality and quantity of salts and variability of water con-
tent in soils, affects specific morpho-anatomical adaptations of halophytes
(Knezevi¢ et al., 1998; Poli¢ et al., 2009). The leaf histological components are
the most satisfactory parameters for the study of the relations between halo-
morphic structures of plants and their habitat, although anatomy of other plant
organs could give additional information (Colombo & Trapani, 1992).

Of the Dicotyledoneae, the Chenopodiaceae has by far the highest pro-
portion of halophytic genera (44%). With 312 halophytic species it is probably
the family in which salt-tolerance is most widespread (Flowers et al., 1986). Many
genera of Chenopodiaceae, especially Atriplex, Suaeda and Salicornia, are
extremely salt tolerant and have been studied for their potential use as forage
and oilseed crops (Watson, 1990; Glenn et al., 1991, Rozema et al., 1995).

Salsola L., agenus of 100 to nearly 200 species, is one of the largest genera
within the Chenopodiaceae (Botschantzev, 1969, 1979; Cronquist, 1981).

S. soda is an annual, succulent shrub up to 70 cm tall. It has fleshy green
leaves and either green or red stems. The tiny flowers develop from inflores-
cences that grow out of the base of the leaves near the stem (Slavni¢, 1972;
Akeroyd, 1993). S. soda is native in Eurasia and North Africa. It is also found
on the Atlantic coasts of France and Portugal and on the Black Sea coast (Jalas
and Suominen, 1989). It has become naturalized along the Pacific coast of North
America, and there is concern about its invasiveness in California’s salt marshes
(Baye, 1998). In Serbia S. soda is an endangered species which distribution is
limited to saline areas in the northern part of Serbia, while in Montenegro this
plant can be found only on the Adriatic coast (Slavni¢, 1972).

This study was performed in order to reveal structural features of S. soda,
particularly anatomical characteristics of leaf and stem, allowing them to survive
under specific environmental conditions. Another aim was to determine the
structural differences and variability rate between populations from maritime
and inland saline areas.

MATERIAL AND METHODS

Morpho-anatomical analyses were done of plant samples from two popu-
lations of S. soda growing in Ulcinj salina (maritime saline area, Montenegro)
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and Okanj (inland saline area, Serbia; Table 1). The soil at the collection site
contained very small amount of salts in inland saline area — 0.03% compared
with locality from maritime saline area (0.8%). The alkaline reaction was
higher at Okanj locality (8.8), than in Ulcin;j salina locality (7.5).

Table 1. Voucher data for Salsola soda specimens used in the study with climate and soil charac-
teristics of their habitats in the year 2006

Voucher Average annual ~ Annual % ofsalts Ph

Collection site Date Number temperature precipitation insoil soil

Montenegro, Ulcinj salina
UTM 34T CM4 54
Serbia, Okanj

UTM 34T DR2 44

09.09.2006. 2-1994 15.4°C 1272mm 0.8 7.5

15.09.2006. 2-1995 11.1°C 57Imm 0.03 8.8

Plants were determined at the Department of Biology and Ecology, Uni-
versity of Novi Sad. Voucher specimens were deposited in the Herbarium of
the Department of Biology and Ecology, University of Novi Sad — BUNS
(Table 1). For anatomical investigation ten plants of each population were
used. For light microscopy observations leaf epidermal prints were made after
Wolf (1954). The leaf surfaces were covered with liquid transparent lac, and
epidermal prints removed using transparent adhesive tape. Stomata were
counted on five randomly selected areas of the adaxial and abaxial surfaces
and calculated per mm? of the leaf surface. The segments of leaves and stems
from the middle part of the plants were separated and fixed in 50% ethanol.
For light microscopy, cross sections were made using Leica CM 1850 cry-
ostat, at a temperature of -18° C to -20° C, at cutting intervals of 25 mm. Sec-
tions, epidermal cells and stomata were observed and measurements made
using Image Analyzing System Motic 2000. Relative proportions were calcu-
lated for leaf and stem tissues, and expressed as a ratio of the whole cross
section area of each organ. Data were statistically processed by analysis of
variance and means, and standard errors and coefficients of variation were
calculated using STATISTICA for Windows version 10.0 (StatSoft, 2011). The
significance of differences in measured parameters between the populations
was determined using t-test (p<0.05 and p<0.01). The general structure of
sample variability was established by Principal Component Analysis (PCA),
based on correlation matrix.

RESULTS

The stem cross sections are rounded to elliptical in shape, with incisions.
The stem has a single layer of epidermis (Figure 1).

Stem cortex was differentiated into one layer of collenchyma located
subepidermally (Figure 2A), one layer of chlorenchyma beneath it and several
layers of thin-walled parenchyma cells that do not contain chloroplasts. Paren-
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chyma cells are generally large, except in incisions of peripheral part of cortex
where they are much smaller. In central cylinder, numerous collateral vascular
bundles are arranged in a circle, with well developed sclerenchyma tissue
above them (Figure 2B). Pith parenchyma is compact, composed of relatively
large parenchyma cells, with no cavity present.

Figure 2. Cross section of the stem: A — collenchyma, B — vascular bundles

The plants of the population from Ulcinj salina had significantly higher
stems (22.3 cm) than plants from Okanj (14.6 cm), with larger diameter and
cross-section area (Table 2). They also had higher percentage of cortex and pith
parenchyma. Significantly higher proportions of epidermis and vascular bun-
dles with sclerenchyma were only recorded in plants from Okanj. The mean
cortex thickness: stem radius ratio was 0.352 and 0.376, from population from
Ulcinj and Okanj, respectively.
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Table 2. Stem anatomical characteristics (mean values = standard error and coefficient of varia-
tion %)

Ulcinj salina Okanj
Characters — — t-test
x=+se cV X+S€ cv
stem height (cm) 22.2+1.2 17.4 14.6+1.8 38.3 ok
stem cross section area of (mm?) 7.6+0.4 16.9 2.5+0.3 354 wE
stem diametar (mm) 3.1+0.1 8.6 1.8+0.1 19.4 *E
% epidermis 2.0+0.1 10.1 3.6+£0.2 18.3 **
% cortex 60.2+1.6 8.6 52.94+2.9 17.5 *
cortex thickness (mm) 0.6+0.02 13.1 0.3+0.03 334 ok
% cylinder 37.8£1.6 13.8 43.4+3.1 22.6 ns
% v.bundles+ sclerenchyma 15.8+0.8 16.7 25.941.9 23.7 *E
% pith parenchyma 22.07+1.0 14.4 17.5+1.4 24.5 *

* ** _ differences between the localities significant for 0,05 and 0.01 level of significance re-
spectively; ns — differences between the localities not significant

The leaves are of succulent structure (Figure 3). Their cross sections are
round to triangular in shape.

Figure 3. Cross section of the leaf from A-Okanj and B-Ulcinj salina

The leaves have a single layer of epidermis, formed of almost isodiamet-
ric, relatively large cells. The epidermis is provided with a thick cuticle. Sto-
mata of paracytic type occur on both leaf surfaces of these species and are
slightly under the level of epidermal cells. Underlying the epidermis is a layer
of chloroplast containing hypodermal cells, which have calcium oxalate crys-
tals. The mesophyll is differentiated into pahsade tissue and atypical spongy
tissue which expands to water storage tissue. Palisade tissue is uniseriate,
composed of cylindrical cells, placed between hypodermis and chlorenchym-
atous bundle sheath (Figure 4). Together with bundle sheath layers it forms a
discontinuous ring. Water storage cells are large and thin-walled. Those adja-
cent to bundle sheath often contain cubic crystals.
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Figure 4. Cross section of the leaf: e — epidermis, h — hypodermis,
pp — palisade tissue, bs — bundle sheath

The main vascular bundle is in the center of the leaf, surrounded by wa-
ter storage parenchyma. Smaller, peripheral vascular bundles are in contact
with bundle sheath cells (Figure 5).

e SEN

1 vascular bundles

B ey s
Figure 5. Cross section of the leaf. A —main vascular bundle, B — smaller, peripheral vascular
bundles

The leaf cross section area was significantly higher in plants from Ulcinj
salina locality, due to better developed water storage tissue (Table 3). Number
of stomata /mm? on adaxial and abaxial leaf side, proportions of epidermis,
hypodermis, vascular bundles and palisade tissue were significantly higher in
plants from Okanj locality. No significant differences between plants of these
two populations were recorded in stomata size on adaxial and abaxial leaf
side, leaf and cuticle thickness, percentage of bundle sheath and the size of
palisade cells.

Principal Components Analysis (PCA) showed that examined characters
had generally low variability. It indicated three groups of characters, which
explained 69.08% of the total variation (Table 4). The first principal compo-
nent explained 43.51% of the variation. It was defined by the stem cross-section
area, proportions of stem epidermis and vascular bundles with sclerenchyma,
number of stomata per unit on adaxial leaf side, length of stomata on abaxial
leaf side, leaf cross-section area and thickness, as well as proportions of all
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leaf tissues, except the bundle sheath. The second principal component explained
16.14% of variation due to the variability of proportions of stem cortex, cylinder,
pith parenchyma and stomata width on adaxial leaf side. The third principal
component explained 9.43% of variation due to the variability of cuticle thickness
only. The most stable parameters, which did not contribute significantly to the
total variation, were the most of the stomata parameters, percentages of bundle
sheath tissue and the size of palisade cells.

Table 3. Leaf anatomical characteristics (mean values + standard error and coefficient of varia-
tion %)

Characters — Ulein; salina = Okanj t-test
x=+se cv x=+se cv
no. of stomata /mm?(adaxially) 89.4+3.9 13.7 119.7+4.4 11.7 K
stomata length (adaxially) 30.8+0.8 8.1 28.5+1.0 11.6 ns
stomata width (adaxially) 19.9+0.4 6.6 20.4+0.6 10.1 ns
no. of stomata /mm?(abaxially) 76.9+3.8 15.6 89.0+3.5 12.4 *
stomata length (abaxially) 31.4+1.0 10.6 29.4+0.7 7.3 ns
stomata width (abaxially) 20.1+0.3 5.2 20.1£1.3 20.8 ns
leaf cross section area (mm?) 5.1£0.4 23.8 2.2+0.1 17.1 *k
leaf thickness (pm) 2378+9 11.9 1682+6 11.6 ns
cuticle thickness (pm) 8.30.1 5.2 8.02+0.3 10.4 ns
% epidermis 4.9+0.2 12.9 6.9+0.2 10.3 HE
% hypodermis 3.4+0.2 14.2 4.9£0.2 13.7 ok
% vascular bundles 3.8+0.4 31.8 5.8+0.3 16.6 ok
% bundle sheat 3.4+0.3 23.9 4.0£0.2 12.5 ns
% pallisade tissue 6.9£0.3 15.8 8.5+0.4 16.2 K
length of palisade cells (um) 40.2+£2.1 16.5 42.8+1.9 14.1 ns
width of palisade cells (um) 8.3+£0.4 15.1 8.7+£0.3 11.7 ns
% water storage tissue 77.4£0.5 2.2 69.9+0.8 3.7 ok

* ** _ differences between the localities significant for 0,05 and 0.01 level of significance re-
spectively; ns — differences between the localities not significant

According to the type of variability, examined populations were grouped
by PCA (Figure 6). The projection of the cases for the first two components
showed that the two examined populations could be clearly separated accord-
ing to the type of variation of the examined parameters along the first axis.
Population from Montenegro showed higher level of homogeneity.

61



Table 4. Principal components analysis (PCA) of measured parameters. Factor coordinates of the
variables, based on correlations and cumulative percentages of the vectors

Anatomical characters Factor 1 Factor 2 Factor 3
stem  cross section area -0.83891* 0.333944 0.055640
% epidermis 0.75443* -0.536530 -0.016999
% cortex -0.53440 -0.786692* 0.026596
% cylinder 0.44617 0.849792* -0.024612
% v.bundles+ sclerenchyma 0.78259* 0.489109 -0.045702
% pith parenchyma -0.41126 0.825360* 0.026753
leaf no. of stomata /mm? (adaxially) 0.82459* 0.077839 -0.111648
stomata length (adaxially) 0.50039 -0.318316 -0.055230
stomata width (adaxially) -0.02652 -0.770675* -0.285822
no. of stomata /mm? (abaxially) 0.53883 -0.023148 -0.352040
stomata length (abaxially) 0.76060* 0.239433 -0.366002
stomata width (abaxially) 0.68880 0.149738 -0.523641
cross section area -0.88233* 0.252356 -0.022143
thickness -0.86765* 0.152934 -0.009624
cuticle thickness -0.15584 -0.119269 0.750124*
% epidermis 0.88851* -0.035401 0.186393
% hypodermis 0.83737* -0.112614 0.079522
% vascular bundles 0.71987* -0.020031 0.310511
% bundle sheat 0.54703 -0.085024 0.606772
% pallisade tissue 0.71701* 0.133486 0.448626
length of palisade cells 0.28324 0.299464 -0.134504
width of palisade cells 0.11422 -0.196672 -0.465631
% water storage tissue -0.85029* -0.010936 -0.168549
cumulative percentages of the vectors 43.51 59.65 69.08

Factor 2: 1368%

U e, B b NS 0 s Nw e oo

@
&

8+ Ulcinj
Factor 1: 4237% 4 Okanj

Figure 6. The projection of the cases of the first two
components of the Principal Component Analysis
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DISCUSION

On the basis of leaf and stem anatomical characteristics of the two exam-
ined S. soda populations, it could be seen that both of them show a combina-
tion of halomorphic and xeromorphic structures.

The ratio of the cortex thickness to stem diameter was 0.352 (Ulcinj
salina) and 0.376 (Okanj), which is within the usual values found in xeromor-
phic stems (Fahn and Cutler, 1992).

The leaf is the organ that reacts the most to external environmental con-
ditions, like those on examined localities (Fahn and Cutler, 1992). This was also
proved in our examination. The results of PCA analysis showed that leaf pa-
rameters were dominantly present on the first axis and defined the most of the
total variability. Therefore, two analyzed populations were clearly separated by
PCA analysis along the first axis, mostly based on the variability of leaf ana-
tomical parameters. Different environmental conditions on the two habitats
and different types of leaf anatomical responses, induced this high variability.

Compared with the leaf thickness of Salsola species from South Africa, as
well as Salsola oreophila and Salsola australis, the two examined populations
of S. soda have thicker leaves (P’yankov et al., 1997; Klopper and Wyk, 2001).

The presence of a hypodermis is a common feature of many members
of the Chenopodiaceae, as well as other Salsola species (Solereder, 1908,
Carraro et al., 1993, Patrignati et al., 1993). The abundance of calcium oxalate
crystals present in the hypodermis, might serve as a protective measure
against insects and other small herbivores (Franceschi and Nakata, 2005). They
also protected cells from excess calcium, regulate ion balance and help de-
toxication of the plant. Carolin et al. (1975) stated that presence or absence of
a hypodermis appears to have no taxonomic significance in the Chenopodi-
ace, but that statement was not supported by Klopper and Wyk (2001). These
authors recorded that presence or absence of a hypodermis has been used to
divide Salsola species into two main groups.

According to Solereder (1908), Metcalfe and Chalk (1983), Klopper and
Wyk (2001), Voznesenkaya et al. (2001), the leaves of Salsola species have a
thick mesophyll. Our results showed that palisade mesophyll is well devel-
oped in both studied populations. The spongy mesophyll is not typical, but is
rather characterized by the absence of intercellular spaces. It consists of cen-
trally placed aqueous tissue enclosing the main vascular bundle.

S. soda has so-called “Salsoloid” or Kranz type of photosynthetic cell
arrangement (Voznesenkaya and Gamaley, 1986), which can occur in succulent
cylindrical leaves. However, some Salsola species have different cross-section
leaf anatomy. Carolin et al. (1975) described S. webbii as lacking Kranz type
anatomy and they considered it an example of a reversion to non-Kranz anat-
omy in Salsola. Such features were also recorded in the genus Sympegma and
were designated as “Sympegmoid” type. These authors defined Sympegmoid
as having non-Kranz type anatomy when they observed multiple layers of
mesophyll chlorenchyma. P’yankov et al. (1997) gave a hypotheses that reversion
process of the Salsoloid Kranz type leaf anatomy from a C4 to C; photosyn-
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thesis, in genus Salsola was in the first place connected with the reduction of
biochemical systems for the C, dicarboxylic acid cycle and then with changes
in anatomical features of the photosynthetic tissues. Our results showed that
S. soda from Serbia and Montenegro has Kranz type of photosynthetic cell
arrangement.

The inland saline locality in Serbia had significantly lower precipitation
and lower percentage of salt in the soil, which induced the formation of cer-
tain xeromorphic anatomical adaptations in leaves of the plants from this
habitat. These plants had significantly larger proportion of leaf epidermis,
hypodermis, palisade and vascular tissue with sclerenchyma, as well as high-
er number of stomata on both leaf sides. These findings are in accordance
with the descriptions of leaf xeromorphic characteristics of plants from dry
habitats, given by Fahn and Cutler (1992).

Flowers et al. (1986) gave anatomical features of halophytes which re-
spond to changes in salinity. These authors found that plants that grow on
high concentration of salt had relatively small number of stomata per mm?,
thicker leaf and cuticle, larger water storage tissue and lower stelar diameter.
Moreover, comparision of halomorphic characteristics of two populations in-
dicated that plants from Montenegro (maritime saline area) had more halo-
morphic characteristics than plants from Pannonian plane, which could be
explained by the higher salinity of the soil in Adriatic coast.

CONCLUSION

In Ulcinj salina (maritime saline area, Montenegro) and Okanj (inland
saline area, Serbia) localities, studied populations grow in saline area with
longer or shorter intervals of summer drought, which explains xeromorphic and
halomorphic characteristics in their anatomical structure. These xeromorphic
and halomorphic morpho-anatomical characteristics of two studied popula-
tions refer to ecological plasticity and adaptations of plants in their habitats.
Beside this, our research has shown that S. soda has quite a stable morpho-
anatomical structure, since only quantitative changes were recorded.
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CTPYKTYPHE AHAIITAIIMJE BPCTE SALSOLA SODA L.
(CHENOPODIACEAE) CA KOHTUHEHTAJIHNX
N MAPUTHUMHUX XAJIOBUOMA

Jyopaska M. Munuh, Jaapanka XK. Jlykosuh, Jlana H. 3opuh, Jbussana C. Mepkyiios
VYuusepsurer y Hoom Cany, [IpuponHo-mMareMaTnyku GpaxKyiaTeT,
JlenaptmaHt 3a OUOJIOTH]y U €KOJIOTHjY
Tpr ocureja O6pagosuha 2
21000 Hosu Can, Cpbuja

PE3UME: JlerasbHO yIrio3HaBamkEe €KOJIOIIKE BapHjaOUITHOCTH U AUQepeHnja-
LIFje monyJanyja yHyTap BpCTa HEOIXO/IaH YCJIOB je 3a carjieiaBambe OHOJIOLIKOT TOTeH-
1Mjana BpcTa. Y TOM CMUCTTY, ofadpana je Bpcta Salsola soda damunuje Chenopodiaceae
Koja je IpUcyTHa U Ha KOHTHHeHTaTHUM (OKkamb, CpeM) 1 Ha MApUTUMHHUM XaJI00HOMH-
Ma (Ynuumcka conana). McrpaxknBama cy o0yxBaruiia aHainu3y 26 KBaHTUTaTHBHHIX
KapakTepa JIucTa u ctadna. Pe3ynraru cy mokasanu 1a OMJbKe U ca KOHTHHEHTAJTHUX
U ca MApUTHMHHX XaJI00HOMa ITOCEYjy XaJIoMOpQHE U CKIepoMop(HE KapaKTePUCTH-
Ke Koje ©M oMoryhaBajy Jja ONICTaHy Ha CTAaHUIITHMA ca MOBehaHOM KOHIIEHTPALHjOM
COJIM Yy TOJIO3H. JemnHKe MOMyiIanuje ca KOHTHHEHTAJIHOT XajJoonoma nmajy sehu
Opoj ckiepoMOop(HHUX KapaKTEPUCTHKA, JOK MAPUTHMHA MOMYyJalyja moceayje Behu
Opoj xamomMophHUX KapakTepucTuka. HajBa)kHUj1 aHATOMCKH KapaKTepy KOjU UMajy
CTaTHCTUYKH 3Ha4aj y hopMupamy paziuka u3Melhy nomymnamnmja ca KOHTHHEHTATHOT
¥ MapUTUMHOT Xajo0noma cy: Opoj cTomMa Ha aJlakCHjaTHOj CTPaHU JINCTA, TOBPIIMHA
MIOTIPEYHOT IIpeceKa U 1e0JbHA JIMCTA, TPOLCHTYAIHH YO NOBPIINHE eHIepMuUca,
XHIIOJICPMHUCA, TKIBA 32 MaTallMOHUPAHE BOJIC M IIPOBOTHHUX CHOMMNA JIHCTA, KA0 H I10-
BpILIMHA TOIPEYHOT ITpeceka u Ie0JpiHe Kope cTadia, MolyIpeYHHK cTaba, MporeH-
TyaJIHH yJIe0 IMOBPIIMHE eMUePMHICa U IIPOBOAHMX cHommha cradia. McTpaxkuBama
cy Takohe mokasaina nia Bpcta S. Soda nma ctabuinae Mopdo-aHaTOMCKe KapakTepe.

KJbYYHE PEUU: anaromuja Ouspaka, xanogure, 1ucT, Salsola soda, cradmio

67






36opuuk Maruiie cprcke 3a npuponne nHayke / Jour. Nat. Sci, Matica Srpska Novi Sad,
Ne 125, 69—78, 2013

UDC 595.773.1(497)
DOI: 10.2298/ZMSPN1325069M

Dubravka M. Milié”
Snezana R. Radenkovié
Jelena N. Stepanov
Marija S. Milicic
Ante A. Vujié

'University of Novi Sad, Faculty of Sciences
Department of Biology and Ecology, 2 Dositej Obbradovi¢ Square
21000 Novi Sad, Republic of Serbia

PREDICTION OF CURRENT SPECIES DISTRIBUTION
OF CHEILOSIA PROXIMA GROUP (DIPTERA: SYRPHIDAE)
ON THE BALKAN PENINSULA

ABSTRACT: Predicting species distribution in different climates is most often made
by climate models (“climate envelope models” — CEM) which are using the current geo-
graphical distribution of species and climate characteristics of the area. Hoverflies (Insecta:
Diptera: Syrphidae) can act as bioindicators and monitors of climate change and habitat
quality. Cheilosia Meigen, 1822 is one of the largest hoverflies genera, with about 450 de-
scribed species. The aim of this study was to model the current potential distribution of six
species from Cheilosia proxima group on the Balkan Peninsula (Cheilosia aerea Dufour,
1848, C. balkana Vuji¢, 1994, C. gigantea Zetterstedt, 1838, C. pascuorum Becker, 1894,
C. proxima Zetterstedt, 1843 and C. rufimana Becker, 1894) using maximum entropy mod-
eling (Maxent). It is observed that parameters with highest influence on the analyzed spe-
cies are Altitude and BIO 15 (Precipitation Seasonality) for all species, except C. rufimana.
Parameter that also substantially influenced for all species, except C. pascuorum, is BIO 18
(Precipitation of Warmest Quarter). The models of current distribution have shown that the
most important area of the Balkan Peninsula, for species from Cheilosia proxima group, is
Dinaric mountains. Information obtained in this paper can help in future monitoring of spe-
cies, as well as for the conservation measures, especially for endemics and rare species.

KEYWORDS: Syrphidae, climate envelope modeling, MAXENT, distribution

INTRODUCTION

Great loss of global species biodiversity is one of the biggest threats in the
modern era. A large number of species is affected by a recent climate change,

* Corresponding author E-mail: dubravka.milic@dbe.uns.ac.rs
Running title: Mili¢, D. et al., Modeling distribution of Cheilosia proxima group.
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which is reflected in narrowing and moving its range to higher latitudes and
altitudes (Parmesan and Yohe, 2003; Root et al., 2003). Without the diversity
of species, ecosystems are more fragile and Liable to natural disasters and
climate change. Idea of protecting species entails the question how to deter-
mine protection priorities and which conservation strategies should be
applied. The fact is that species cannot be protected if their habitats are not
protected. Monitoring of biodiversity, especially diversity of bioindicator spe-
cies, has great importance for the implementation of active strategies in the
management of protected areas.

Lack of detailed knowledge of a species distribution has been serious
concern in wildlife management and conservation. Understanding species bi-
ology and thus their living requirements has to be the first priority before any
decision making and action planning (Nazeri et al., 2012). One of the available
tools for mapping the geographical distribution and potential suitable habitats
are species distribution models. These models are generally based on various
hypotheses how environmental factors control the distribution of species and
communities (Guisan and Zimmermann, 2000). Predicting species distribution
in different climates is most often made by climate models (“climate envelope
models” — CEM) which are using the current geographical distribution of spe-
cies and climate characteristics of the area (Hijmans and Graham, 2006).

Hoverflies (Insecta: Diptera: Syrphidae) can be used for the recognition
and assessment of different types of habitats and they can be effective indicators
of level of pollution as well. Basic aspects of hoverfly ecology, such as breeding
sites, larval feeding habits, outline life cycles and habitat preferences are well
enough understood for hoverflies to be incorporated into qualitative and
quantitative methods of assessment. There are hoverflies that have conservation
significance because, unfortunately, they are endangered by human activities
and require action to ensure their survival. As such, they can act as flag spe-
cies for whole communities and by conserving them, many other species will
also be conserved. Also they can be used for monitoring the effects of climate
change. Ball and Henshall (2007) used presumed climate preferences obtained
from current distribution and other data (topography and land cover) to pre-
dict ranges of two species from genus Chrysotoxum Meigen, 1803 in United
Kingdom under climate changes. Their results showed that C. arcuatum (Lin-
naeus, 1758) would contract in range and move to higher elevation, whereas
C. cautum (Harris, 1776) would expand its range to northern England. Stuart
Ball also undertook a similar kind of analysis for Cheilosia sahlbergi (Becker,
1894) which, according to his results, would become almost extinct in 2080
and Platycheirus melanopsis Loew, 1856 with little change in distribution
(Rotheray and Gilbert, 2011).

Genus Cheilosia Meigen, 1822 is one of the largest genera in the family
Syrphidae, with about 450 species, mostly Holarctic, from which 300 are pre-
sent in the Palearctic (Peck, 1988), more than 80 in Nearctic, about 50 in the
Oriental region, and several in the northern part of Neotropic (Stéhls et al.,
2004). So far, there is about 175 European species, of which more than 50% is
present on the Balkan Peninsula (Vuji¢, 1996).
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There is no key that deals with all European species of genus Cheilosia,
but Vquc et al. (2013) gave an identification key for the European species of
the proxima species group, including newly described species C. barbafacies
Vuji¢ et Radenkovi¢, 2013. Proxima species group comprises following species:
Cheilosia aerea Dufour, 1848, C. balkana Vuji¢, 1994, C. gigantea Zetterstedt,
1838, C. ingerae Nielsen & Claussen, 2001, C. pascuorum Becker, 1894, C.
proxima Zetterstedt, 1843, C. rufimana Becker, 1894, C. velutina Loew, 1840
and C. vulpina (Meigen, 1822). All these species were recorded on the Balkan
Peninsula, except for North European species C. ingerae.

Species from Cheilosia proxima group prefer open habitats in oak and
beech forests and mountain and alpine pastures up to 2000 meters on the Bal-
kan Peninsula. Flight period of these species is from April to October for C.
aerea and C. proxima, from April to June for C. pascuorum and C. rufimana,
from May to June for C. gigantea, from June to July for C. balkana and from
July to August for C. velutina (Vuji¢, 1996).

The aim of this study was to model the current potential distribution of
species from Cheilosia proxima group on Balkan Peninsula.

MATERIALS AND METHODS

All distribution data of Cheilosia proxima group of species from the Bal-
kan Peninsula were obtained from following publications (Strobl, 1898, 1902;
Drensky, 1934; Glumac, 1955, 1959, 1968; Coe, 1960; Bankowska, 1967; Vuji¢
and Glumac, 1994; Vuji¢ and Simi¢, 1994; Vuji¢, 1995, 1996; Vuji¢ et al., 2000)
and hoverflies collections deposited at: National Museum of Bosnia and Her-
zegovina, Sarajevo, Bosnia and Herzegovina; Department of Biology and
Ecology, Faculty of Sciences, University of Novi Sad; Natural History Mu-
seum, Belgrade, Serbia; Croatian Natural History Museum, Zagreb, Croatia;
Zoological Institute and Museum, Sofia, Bulgaria and private collection of J.
Lucas (database:

http://www.dbe.uns.ac.rs/o_departmanu/laboratorije/laboratorija_za
istrazivanje i zastitu biodiverziteta/prilog).

Environmental data was obtained from WORLDCLIM (version 1.3, http:
/www.worldclim.org) which is explained in detail in Hijmans et al. (2005).
WORLDCLIM contains climate data (monthly precipitation and monthly mean,
minimum and maximum temperature) and elevation at a spatial resolution of
2.5 arc-minutes (~5x5 km resolution) obtained by interpolation of climate station
records from 1950-2000.

Environmental suitability was modeled using maximum entropy modeling
(Maxent) (Phillips et al., 2006). Maxent calculates the potential geographic
distribution of species by finding the probability distribution of maximum
entropy and is an effective method for modeling species distributions from
presence-only data. This program can work with a small number of samples
and with records that have not been collected as a part of systematic biological
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surveys, which is useful for processing the data that are based on museum
collections (Elith et al., 2011).

Choosen Maxent default settings for all models were: regularization mul-
tiplier = 1, maximum iterations = 500, convergence threshold = 10, maximum
number of background points = 10.000. Seventy-five percent of occurrence
records were randomly selected by Maxent as training data and 25% reserved
for model testing. We ran cross-validation replicates for each model scenario.
Covariates were tested for muticolinearity with VIF (various inflation factors)
analysis in R package. Selected covariates for SDM analysis are shown in
Table 1. The area under the curve (AUC) of the receiver operator characteris-
tic was used to test the agreement between observed species presence and
projected distribution (Manel et al., 2001). A jack-knife test was used to eval-
uate the importance of each environmental variable and to explain the native
distribution of the species from C. proxima group.

Table 1: Bioclimatic variables* used for modeling the potential distribution of species from C.
proxima group on Balkan Peninsula

C. aerea C. balkana C. gigantea C. pascuorum C. proxima C. rufimana
BIO 4 BIO 2 BIO 8 BIO 8 BIO 2 BIO 2

BIO 9 BIO 15 BIO 9 BIO 15 BIO 9 BIO 18

BIO 15 BIO 18 BIO 15 BIO 18 BIO 15

BIO 18 BIO19 BIO 18 BIO 18

BIO 19 BIO19

*BIO 2 — Mean Diurnal Range (Mean of monthly (max temp — min temp)); BIO 4 — Temperature
Seasonality (standard deviation *100); BIO 8 — Mean Temperature of Wettest Quarter; BIO 9 —
Mean Temperature of Driest Quarter; BIO 15 — Precipitation Seasonality (Coefficient of Variation),
BIO 18 — Precipitation of Warmest Quarter; BIO 19 — Precipitation of Coldest Quarter

RESULTS AND DISCUSION

Prediction of current distribution was analyzed for six species from
Cheilosia proxima group registered on the Balkan Peninsula (Cheilosia aerea,
C. balkana, C. gigantea, C. pascuorum, C. proxima and C. rufimana). For
two species, C. velutina and C. barbafacies there were not enough data for
modeling.

To estimate success rate of climate models for each species, we calcu-
lated training and test AUC values. According to training AUC (0,870-0,993)
and test AUC (0,500-0,939), this model can be evaluated as good and excellent
(Tab. 2). It is observed that parameters with highest influence on the analyzed
species are Altitude and BIO 15 (Precipitation Seasonality) for all species,
except for C. rufimana. Parameter that also showed substantial influence for
all species, except for C. pascuorum, is BIO 18 (Precipitation of Warmest
Quarter).
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Table 2: AUC training/test values and variable contributions for analysed species

AUC training AUC test Variable contributions (%)

BIO 15 (40%)
BIO 4 (21.1%)
BIO 18 (16.9%)
BIO 19 (8.5%)
BIO 9 (4.12%)
Altitude (0.7%)

BIO 15 (51.6%)

Altitude (33.1%)
Cheilosia balkana 0.993 0.939 BIO 19 (10%)
BIO 18 (5.2%)
BIO 2 (1.8%)

BIO 15 (49.2%)

Altitude (20.9%)
Cheilosia gigantea 0.981 0.925 BIO 8 (15.9%)
BIO 9 (10.1%)
BIO 18 (2.1%)

BIO 15 (65.8%)
Altitude (34.2%)

Altitude (39.3%)
BIO 15 (36.4%)
BIO 19 (10.2%)
BIO 18 (9.6%)

BIO 2 (4.1%)
BIOY (0.4%)

Altitude (78.9%)
Cheilosia rufimana 0.984 0.500 BIO 18 (13.8%)
BIO 2 (7.3%)

Cheilosia aerea 0.870 0.761

Cheilosia pascuorum 0.976 0.624

Cheilosia proxima 0.923 0.819

Habitat and elevation can restrict species ranges, and they are important
in explaining the distribution of species (Harris and Pimm, 2008; Sekercioglu
and Schneider, 2008; Newbold et al., 2009; Virkkala et al., 2010). Species do
not respond directly to elevation, but they change in abiotic variables which
are regulated by elevation. However, it may be argued that elevation is a sur-
rogate for other non-climate related factors that may restrict species geo-
graphically, e.g. food availability (Remonti et al., 2009), or for climatic param-
eters when spatially explicit estimates of climate are unavailable. Precipitation
(BIO 15, 18) indirectly influences larval development of Cheilosia proxima
group, because immature stages of these phytophagous species live in stems,
roots or thizomes of different plants.

C. aerea and C. proxima are widely distributed species. According to
current prediction they can be found on the whole territory of the Balkan Pen-
insula, not only on known localities (Fig. 1). C. aerea does not have special
habitat preferences and could be expected, not only on mountains, but also on
hills at lower altitudes. C. proxima has similar distribution pattern, but lower
percentage of occurrence on the coast of the Mediterranean Sea and hills (Fig.
2). This could be explained by different ecological demands of these two spe-
cies: C. aerea prefers lower altitudes and more dry habitats while C. proxima
usually inhabits humid forests (Vuji¢, 1996; Speight, 2012).
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Figure 1: Potential distribution of C. aerea Figure 2: Potential distribution of C. proxima
Legends represent percentage of potential species distribution and spots represent current
data of species

C. gigantea has wide Palaearctic range, but on the Balkans does not
reach extreme south of the Peninsula (Greece). The current prediction corre-
sponds to the actual distribution on high mountains and also confirms the
south edge of its range on the Balkan Peninsula (Fig. 3).

Palaearctic species C. rufimana is very rare on the Balkan Peninsula. It
was found at few localities of the south Dinaric mountains and the Rilo-Rho-
dopes (Vuji¢, 1996). According to the current prediction this species could
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also find appropriate habitats in the entire ranges of the Dinaric mountains
and the Carpathians, but also in the Alps, where has already been registered
(Speight, 2010) (Fig. 4).

Figure 3: Potential distribution of C. gigantea Figure 4: Potential distribution of C. rufimana
Legends represent percentage of potential species distribution and spots represent current
data of species

Range of C. pascourum extends from Alps, across the Balkan Peninsula
to the European part of Russia (Speight, 2012). Except on the high mountains,
this species was also recorded from lowland oak forests in the Pannonian
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Plain (Vuji¢, 1996). The similar pattern of distribution is visible in the model
where the area with highest percentage of appearance is, besides the high
Dinaric Mountains, also Sub-Pannonian hills, low mountains and coast of the
Black Sea in the eastern part of the Peninsula (Fig. 5).

C. balkana is endemic species for Alps and south Dinaric mountains
(Vujic, 1996). Data of the current prediction almost completely coincide with
the records of its relatively narrow distribution. Model predicts that this spe-
cies could also be present on north and central Dinaric mountains between
Alps and south Dinaric mountains, where already has been registered (Fig. 6).

Figure 5: Potential distribution of C. pascuorum Figure 6: Potential distribution of C. balkana
Legends represent percentage of potential species distribution and spots represent current
data of species
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CONCLUSION

The models of current distribution of species from Cheilosia proxima
group have shown that the most important area on the Balkan Peninsula is the
Dinaric mountains. Current predictions, based on climate and altitude, highly
correspond to actual distribution data, but also reveal new localities with suit-
able habitats and ecological conditions for particular species (for C. gigantea,
these are mountains in the south-western part of Serbia and mountain Prok-
letije and for C. pascuorum Strandza mountain in Bulgaria). These informa-
tion can help in future monitoring of species, as well as for the conservation
measures, especially for endemic and rare species.
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[NPEABUBABE CAJAIIBE IIOTEHLWJAJIHE IUCTPUBYMIE BPCTA
U3 CHEILOSIA PROXIMA TPYIIE (DIPTERA: SYRPHIDAE)
HA BAJIKAHCKOM IIOJIYOCTPBY

Jyopaska M. Munuh, Cuexxana P. Panenkosuh, Jenena H. Crenanos,
Mapwuja C. Munnauh, Aare A. Byjuh
VYuusepsurer y Hoom Cany, [lpupogHo-maremMarnyku GaxyiaTeT
JenapTmaHn 3a OMOJIOTH]y U €KOJIOTHjY
Tpr Jocureja O6panosuha 2
21000 Hosu Can, Cpbuja

PE3MME: Ilpensuhame nuctpulyuuje Bpcra y pa3aiMuuTUM KJIUMAaTCKUM yCio-
BuMa Hajuemrhe ce Bpiu nomohy kimmatckux mozpena (Climate envelope models —
CEM) Koju KOPUCTE TPEHYTHY reorpadceky I1ucTpudy1yjy BpCTa U KJIMMaTCKe KapaKTe-
puctuke noapydja. Oconuke myse (Insecta: Diptera: Sirphidae) Mory mociaykuTH Kao
OMOMHIIMKATOPU KJIMMATCKUX IIpOMEHa U KBajuTeTa crtaHumira. Cheilosia Meigen,
1822 je jenan ox Hajehux pomoBa OCOMMKHX MYBa, ca oko 450 Bpcra. L{nsmb oBor nc-
TpaXUBamka j¢ MOACIOBAE TPEHYTHE MOTCHINjaIHE AUCTPUOYIHjE IIECT BPCTa U3
Cheilosia proxima rpyne (Cheilosia aerea Dufour, 1848, Cheilosia balkana Vuji¢, 1994,
Cheilosia gigantea Zetterstedt, 1838, Cheilosia pascuorum Becker, 1894, Cheilosia
proxima Zetterstedt, 1843 u Cheilosia rufimana Beker, 1894) na baikaHckom moixyocTpBy
nomohy mMozena makcumaiHe earponuje (Maxent). [Tpumeheno je na cy mapameTpu ca
HajehuM yTuLajeM HaIMOpCKa BUCHHA U ce30Hcke nagaBuHe (BIO 15) 3a cBe Bpcre,
ocuM C. rufimana. [lapameTtap Koju je Takol)e mokazao 3HayajaH yTHIA] HA CBE BPCTE,
ocuM C. pascuorum je BIO 18 (mazaBuHe TOKOM HajTOIUTHjer Tpomecedja). Monenu
MoTeHIMjaHe aucTpudyuuje Bpera u3 Cheilosia proxima rpyne nokasaiu cy Jia je
HajBa)KHHU]e moapyyje Ha bankaHckoMm monyocTpBy peruja duHapckux manuHa. Va-
¢dopmanuje nobujeHe y 0BOM paly MOr'y Aa IOMOTHY y OyayhuM MOHUTOPUHIY BPCTa,
K20 U yCHOCTaBJbalby KOH3EPBALMOHUX MEPa, MOCCOHO 3a EHAEME U PETKE BPCTE.

KJbYYHE PEUU: Cudpune, kiumarcku monenu, MAXENT, quctpubynuja
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FLAVONOID EXTRACTION FROM FICUS CARICA LEAVES
USING DIFFERENT TECHNIQUES AND SOLVENTS

ABSTRACT: The current study presents the best method for a rapid and efficient
extraction of flavonoids from Ficus carica. Dried leaves were extracted using distilled
water and ethanol 70% by extraction method of maceration, microwave and stirring. Using
of TLC and HPLC techniques, the rutin and kaempferol were detected. For flavonoids ex-
traction ethanol 70% was more efficient than water. The relative concentration of rutin and
kaempferol was higher by microwave methods ussing ethanol.

KEYWORDS: Ficus carica, flavonoids, maceration, microwave

INTRODUCTION

Ficus carica L.(Moraceae) is a deciduous tree, which grows in a tropical
and subtropical regions of India and is commonly known as fig tree.

The leaves and the fruits of Ficus carica are traditionally used as laxati-
ve, stimulant, against throat diseases, antitussive, emollient, emmenagogue
and resolvent (Bellakhdar et al., 1991; Guarrera et al., 2003, Trifunschi and
Ardelean, 2012).

The fig leaf decoction is used for hemorrhoids, whereas an infusion of its
fruit can safely be used as a laxative for children. The fresh leaves are dabbed
on warts (Baytop, 1984).

However, the antioxidant activity and citotoxicity against various cancer
cell lines reported in fig are potentially promising for its future therapeutic
uses. (Wang et al., 1996; Kikuzaki et al, 1993).

Ficus species are rich sourse of polyphenolic compounds, flavonoids which
are responsable for strong antioxidant properties that help in prevention and

* Corresponding author E-mail: svetlana cacig@yahoo.com
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therapy of various diseases. Ficus carica leaves are known to be reach in fla-
vonoids (Leung et al., 1996). The flavonoids of this species have remarkable
medicinal properties. Vaya et al. (2006) isolated and identified the flavonoids,
rutin and kaempferol by HPLC-MS, which have a high medicinal value in
therapeutic uses.

Recent studies mentioned the microwave and ultrasonic methods as
efficient in flavonoid extraction (Pan et al., 2001, 2003). Type of solvent and
method of extraction are important factors for optimizing yield extraction
(Turkmen et al., 2006).

The purpose of this work was to develop and evaluate efficient and simple
procedures for extraction of flavonoids from Ficus carica leaves in short time.

MATERIAL AND METHODS

Plant material: Leaves of Ficus carica were collected in may 2012 from
Timisoara (Romania) and were dried at room temperature in a dark place

Material: Methanol, acetonitrile and phosphoric acid (HPLC grade) were
purchased from Merck, rutin and kaempferol were purchased from Sigma
Aldrich and other chemicals purchased from “Reactivul” Bucuresti and “Chi-
mopar” Bucuresti.

Preparation of extracts

Three extraction methods from dried leaves were evaluated: maceration,
microwave and stirring.

Method 1: maceration

One gram of the dried sample was chopped into small pieces and then
extracted with 20 ml solvent (10% w/v) for 3 days at room temperature (25° C).
Solvents used for extraction were distillated water and ethanol 70%.

Method 2: microwave (LG — Auto sensor diet, full power)

The suspension were irradiated three times under microwaves in pre-set-
ting procedure (3s power on, 60s off) to achieve the desired temperature of 70° C.

Method 3: stirring

One gram of the dried sample was extracted with 20 ml water (then with
ethanol 70%) for 60 min at 60° C.

Extracts were filtered in vacuum using Whatman filter. Aqueous as well
as hydroalcoholic extracts were evaporated to dryness. The dried weigh was
measured.. The yielding was defined: (crude extract weight / plant material
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weight) x 100. The extract obtained by each extraction technique was analyzed
by TLC and HPLC.

TLC analysis

Aliquots of standards and crude extracts were analyzed on silica gel 60
plate and developed in different mobile phases. Components were visualized
under ultraviolet light (A=254 nm). The following mobile phases were used:

1 ethyl acetat: ethanol: acetic acid: water = 16: 1,5:1:1

2 ethyl acetat: acetic acid: formic acid: water = 50: 11:11:20
3 ethyl acetat: formic acid: water = 50: 20:15

4 cloroform: formic acid: methanol = 50: 20:15

The flavonoid standards, rutin ( Rf = 0,35) and kaempferol (Rf = 0,64)
were verified in extracts after concomitant with standards. They were visible
as yellow fluorescent spots.

HPLC analysis (Cacig, 2007)

Flavonoids were measured at 365 nm by a HPLC Agilent 1100. Separa-
tion was carried out on a Lichrospher 100-RP-18 column (5 pm, 250 x 4 mm).
A gradient elution was performed with eluent: acetonitril:water = 1:1. The flow
rate was 1 ml/min and the injection volume was 20 pl. Identification of the fla-
vonoids was carried out by comparing their retention times to those of standards.

RESULTS AND DISCUSSION

Table 1. indicates significant differences in relation to extraction type

Table 1. Experimental conditions for obtaining extracts

Maceration | Microwave | Stirring
Extraction solvents Distilled water an ethanol 70%
Temperature 25°C 70° C 60° C
Extraction time 3 day 3 x(3s) 60 min

The extraction yield obtained for extraction technique was shown in
table 2.

Table 2. Extraction yield

Solvents for extraction Extraction yield (%, w/w)

Maceration Microwave Stirring
Distilled water 2.5 5.5 -
Ethanol 70% 8 10 9
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The important yielding was obtained after ethanol extraction compared
with water extraction. The lowest yielding was obtained by maceration for both
solvents.

The higher flavonoid content occured using 70% ethanol, for all methods.
The microwave techniques provide a high flavonoid extraction, followed by
stirring.

Compared with conventional extraction methods, microwave resulted in hi-
gher level of extracted flavonoids with the advantage of saving time and solvent.

Hydroalcoholic extracts analysis using HPLC revealed main compounds,
among which the peak corresponds to rutin (tg = 4,5) and kaempferol (tg = 19,8)
(Figure 1).

(A) nAU 3
0
] e
100
80|
60
40
=)
o
20 . =
< [
g = b 5
o 3
& ¥ < ©
2 -
o i TR S e,
T T T T T
5 10 15 20 mir
(B) mAU ‘é
] >
” .
5
o
140 | 3
<
120
I
100 &
&
80 - e
'8 -
i a 2
I ©
60 o g ot
ol g 2
| | - | ]
0] < { 2 g 3
o
‘ #g 8 3 8 o
| o e = ’ = S
20 | | i ' | 5 &
| [ | 3
| i
5 UL 1 == e i —
T T T T T T
5 10 15 20 2 min

Figure 1. HPLC chromatogram of aqueous (A) and hydroalcoholic (B) extracts of Ficus carica
obtained by microwave extraction: rutin ( tg = 4,5) and kaempferol (tg = 19,8)
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CONCLUSION

Microwave-assisted extraction of compounds is relatively new. Some reports
showed its positive results for extracting phenolic compounds and flavonoids,
more effective than conventional extraction methods.

Microwave and stirring may improve flavonoid extraction using as water
and ethanol 70%. These methods besides higher temperature, reduced extraction
time in comparation with maceration.

In the present study, the proportion of flavonoids was reduced by maceration
in combination with ethanol 70% solvent were the efficient. It may suggest that
microwave method using ethanol 70% is suitable for fast extraction of flavonoids.
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EKCTPAKIINJA ®JIABOHOUJA N3 JIMCTOBA FICUS CARICA L.
VYIIOTPEGOM PA3JIMUUTUX TEXHUKA 11 PACTBAPAYA

CBeTnaHa U. Tpudyncku', Jopuna I. Apnenean’
Banaguu yHnuBepsurer ,,Bacue T'omauc”,
Bynesap peBonynuje 94, 310002 Apan, PyMyHHja
®daxyyTeT MEIULIHHE, q)apMaque U CTOMATOJIOTHje,
yi. JIueuje PeOpeany 86, 310045 Apan, Pymynuja

PE3UIME: V pany cy npukaszaHe pa3jIMuuTe MeToe 3a Op3y U epuKacHy eKCTpak-
uujy ¢aaBonouna us Ficus carica L. Ekcrpakuuja u3 cyBor nuurha ypahena je ca
pacTBapaurMa: JecTuiIoBaHa Boja u etanon (70%). Meroze ekcTpakuuje 6uie cy: Ma-
Lepaiuja, MEKpoTanacHa nectpykuuja u memame. Kopuctehun TLC u HPLC Texnuxke
oxpehenu cy pyrun u kemndepoi. Jlobujeru pesynrary nokasaiu cy ja je eraHoin (70%)

e(ukacHMju 32 eKCTpakuujy (praBoHOMAA O BOJE. PeraTMBHA KOHLEHTPaLHja Py TH-
Ha ¥ KeMIIpeporta JoOHjeHa je aKko ce KOPHCTH MUKPOTaJacH! METOM a Kao pacTBapay
CTaHOI.
KJbYYHE PEYMU: Ficus carica, ¢maBoHOMIH, Maliepalinja, MUKpOTaJIacH
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EFFECTS OF CULTIVAR AND YEAR ON
LEAF NUMBER IN WINTER BARLEY

ABSTRACT: Leaf appearance in small cereals is the result of leaf primordium initia-
tion and leaf primordium extension. Final leaf number (FLN) on main stem is determined
by the number of primordia initiated up to the beginning of floral transition. The aim of this
study was to determine the effect of growing season and cultivar on FLN in winter barley.
Twelve cultivars differing in origin and time of anthesis (early, medium and late) were
tested during six growing seasons (GS), from 2002/03 to 2007/08.

FLN across cultivars and GSs was 13.5. The highest FLN across GSs was in the late,
six-rowed barley cultivar Kredit (14.7) and the lowest in the early, two-rowed barley cultivar
Novosadski 581 (11.3). In regard to earliness, the lowest FLN was in the early groups of
cultivars (12.9) and the highest in the late ones (13.9). The tested cultivars showed signifi-
cant variability in FLN, which can be used for selecting most adaptable genotypes for spe-
cific growing conditions.

KEYWORDS: Barley (Hordeum vulgare L.), heritability, leaf number, polynomial
regression

INTRODUCTION

The life cycle of cereals is divided into two main periods, period until
anthesis and grain filling period. Period until anthesis can be divided into
three phases: leaf initiation (vegetative phase), spikelet initiation (early repro-
ductive phase) and spike growth (late reproductive phase) (Slafer and W h -
itechurch, 2001). Leaf appearance in small cereals is the result of leaf
primordium initiation and leaf primordium extension. In normal growing con-
ditions, both processes are mainly controlled by temperature (McMaster,
2005). The final number of initiated leaf primordia is proportional to the time
from sowing to double ridge (Robertson etal., 1996). At the time of seed-

* Corresponding author E-mail: novo.przulj@ifvens.ns.ac.rs
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ling emergence, the shoot apex has five to seven leaf primordia and this is
considered to be the range in minimum final leaf number per wheat plant
(Robertson etal., 1996).

Final leaf number (FLN) is determined by the number of primordia initi-
ated up to the beginning of floral transition. Kirby (1992) showed that sow-
ing date and location have an effect on the variability of the number of leaves
produced by winter wheat. That variation can be explained, in part, by differ-
ences in exposure to low temperature during the phase when leaf primordia
are being initiated. FLN depends upon the rate and duration of leaf initiation.
The vernalization response is important for fitting the plant life cycle to the
environment in which it is grown, so that it can make the best use of the sea-
sonal opportunities for growth and avoid adverse climatic factors. The major
effect of vernalization is to shorten the duration of the phase of leaf primordia
production (Griffiths et al., 1985). Air temperature is the main factor af-
fecting leaf number and phyllochron (Rickman and Klepper, 1991).

Researchers have concentrated on understanding how environmental fac-
tors, first of all temperature and photoperiod and then water and nutrition, affect
the FLN. Only a few studies have evaluated cultivar effect on the FLN. In this
research, we studied the effect of cultivar and year on FLN of winter barley.

MATERIAL AND METHODS

Cultivars and crop management. Twelve barley cultivars (Kompolti-4,
Skorohod, Novosadski 525, Novosadski 581, Plaisant, Gotic, Sonate, Boreale,
Novator, Kredlt Monaco and Cordoba) which differed in origin, pedlgree
and agronomic traits were used in this study. A 6-year experiment was
conducted from 2002/03 to 2007/08 growing season (GS) at the experiment
field of Institute of Field and Vegetable Crops in Novi Sad (45°20°N,
15°51’E, altitude 86 m) on a Chernozem soil and under rainfed conditions.
The experiment was conducted in a randomized complete block design
with 3 rephcatlons each year. Planting density in all GSs was 300 viable
seeds per m? for six-rowed barley and 350 viable seeds per m? for two-
rowed barley.

To determine the FLN on the main stem, recording was done accord-
ing to the Haun scale (Haun, 1973) on three tagged plants in each replica-
tion. FLN was determined as the number of leaves on the main stem, in-
cluding the flag leaf. GDD for leaf number development was calculated as
Tn=[(T;+T4+2T5)]/4, where T, T4, and T,; were temperatures at 7 AM, 2
PM and 9 PM, respectively (Przulj, 2001). Base temperature was 0° C.

Statistics. All data were subjected to the analysis of variance using
Statistica 9.0 (StatSoft, Tulsa, OK, USA). Barley cultivars and GS were
supposed to be fixed factors. When differences among earliness groups
(early, medium early, late), duration of developmental phases and agro-
nomic traits were tested, four cultivars from each group were considered as
replication for detection of developmental phases. Broad-sense heritabili-
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ties were estimated using the variance components from ANOVA, as fol-
lows: h*=Vg/VE.

RESULTS AND DISCUSSION

Phenological development and phyllochron of small cereals result from
genetics and numerous environmental factors (McMaster, 2005). In our
study, FLN was controlled by cultivar, year and their interaction (Tab. 1). Year
exhibited the highest contribution to FLN variation, about 74%. It means that
the tested cultivars were genetically similar in leaf number. Low value of in-
teraction showed stability of leaf number from year to year.

Tab. 1. — Mean squares of final leaf number (FLN) per main stem of winter barley

Source Df FLN
Cultivar 11 13.98%*
Year 5 10.17%*
CxY 55 0.98**
% components of variance

Cultivar 17.20
Year 73.96
CxY 7.19
Heritability 0.93

** — significant at the 0.01 level

Considered across the GSs, the early cultivar Novosadski 581 had the
lowest and the late cultivar Kredit the highest FLN (Tab. 2). In the cultivar
Novosadski 581, early maturity was due to a reduction in FLN. Juskiew et
al. (2003) found that, in spring barley, earliness was due to accelerated postan-
thesis growth rather than reduction in leaf number and phyllochron. Even
though the cultivar x year effect on FLN was significant and participated in
total variation with 7.2% (Tab. 1), the FLN variability due to interaction culti-
var X year was rather small (Tab. 2).

Although differences in FLN were observed among the cultivars (Tab. 1,
2) they could not be ranked according to their FLN. For example, the early
cultivar Kompolti-4 had one of the highest FLNs in 2002/03 GS and one of
the lowest in 2005/06 GS (Tab. 2). The average FLN for the barley main stem
was 13.5.

Across GSs and maturity classes, the early maturity group was the fast-
est in completing the FLN (Fig. 11). The relationship between GDD require-
ment and FLN per main stem fitted the best the quadratic equation, with
R?>0.99. Also, quadratic equation was the most fitting for the relationship
between leaf number development across cultivars in the same maturity group
and GS, with R*>0.97 (Fig. 1, II).
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Fig. I.— (I) Leaf number develop-  (II) Leaf number development of three winter barley

ment in four early (E), four
medium (M) and four late
(L) winter barley cultivars

across six GSs

maturity classes (E-early, M-medium, L-late) in differ-
ent GSs. Each point represents the average of four cul-
tivars belonging to a maturity group in individual GS.
There are six points for each leaf per maturity group

Tab. 2. — Final leaf number per main stem of twelve winter barley cultivars during six growing
seasons (GS)

Cultivar GS
2002/03 2003/04 2004/05 2005/06 2006/07 2007/08 Average

Kompolti-4 (E, 6R) 14 15 13 13 15 14 14.0
Skorohod (E, 6R) 13 14 12 13 14 14 13.3
Novosadski 525 (E, 2R) 13 13 12 13 13 13 12.8
Novosadski 581 (E, 2R) 10 12 10 12 12 12 11.3
Plaisant (M, 2R) 15 13 13 13 15 14 13.8
Gotic (M, 6R) 15 13 14 13 15 14 14.0
Sonate (M, 2R) 13 13 12 13 14 13 13.0
Boreale (M, 2R) 13 13 12 13 14 13 13.0
Novator (L, 2R) 15 15 13 14 15 14 14.3
Kredit (L, 2R) 15 15 14 15 15 14 14.7
Monaco (L, 6R) 13 13 13 13 14 14 13.3
Cordoba (L, 6R) 14 14 13 14 14 15 14.0
Average 13.6 13.6 12.6 13.2 14.2 13.7 13.5
LSD Cultivar ~ Year CxY CvV

0.05 0.17 0.12 0.42 1.9%

0.01 0.23 0.16 0.56

E — early, M — medium, L — late, 2R — two-rowed, 6R — six-rowed
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In our investigation, the FLN was positively correlated with GDD accu-
mulated until flag leaf completion, while the effect of precipitation was less
important (Tab. 3).

Tab. 3. Simple correlation between final leaf number (FLN) and temperature and precipitation
during some barley phenological growth stages (FGS)

FGS GDD Precipitation GDD Precipitation ~ GDD Precipitation
from E till DR from E till DR during DR during DR during J during J
FLN 0.35%* -0.25% 0.34%* -0.27* 0.79* -0.16

GDD - growing degree days, E — emergence, DR — double ridge, J — jointing
* *¥* _significant at the 0.05 and 0.01 levels, respectively

When difference among earliness groups was tested, i.e. four cultivars
from each group were considered as replication, FLN was under control of
maturity classes and years (Tab. 4). The interaction maturity class x year was
not statistically significant (Tab. 4), i.e., the early cultivars usually have the
lowest FLN and the late ones the highest FLN (Tab. 5). Across the studied
GSs, the early cultivars had 12.9, medium early 13.5, and late 13.9 main stem
leaves (Tab. 5).

Tab. 4. — Mean squares of final leaf number (FLN) per main stem for three maturity classes
(early, medium, late) of winter barley

Source df FLN
Maturity class 2 8.56%*
Year 5 3.39"
Maturity class x year 10 0.58"
% components of variance

Maturity class 14.90
Year 20.82
Maturity class x year 25.91
Heritability 0.71

** _ significant at the 0.01 level, ns — non significant

The identification of genetic variability of leaf area is a crucial step in plant
breeding. (Royo et al., 2004). This is particularly important in species with a
narrow genetic background, which may be a result of the selection pressure ap-
plied in breeding programs. Understanding of how changes in photosynthetic
area may be affected by environmental conditions — particularly drought stress
under field conditions — could provide a basis for developing superior high
yielding varieties. Genotype by environment interactions should be taken into
account to determine the optimum breeding strategy in a target environment.
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Tab. 5. — Final leaf number (FLN) per main stem for three maturity classes (early, medium, late)
across six GS

GS
Maturity class  2002/03  2003/04  2004/05 2005/06  2006/07  2007/08 Average
Early 12.5 13.5 11.8 12.8 13.5 13.2 12.9
Medium 14.0 13.5 12.7 13.0 14.5 13.5 13.5
Late 14.2 13.8 13.2 14.0 14.5 14.2 13.9
Average 13.6 13.6 12.6 13.2 14.2 13.7 13.5
Year  Maturitycl. Y xG CVv
LSD 0.05 0.76 0.54 1.31 6.9%
0.01 1.01 0.71 1.75

Since FLN is mainly defined by interaction between cultivar and grow-
ing conditions, the choice of appropriate cultivar for certain growing condi-
tions is an important task for barley growers. The time of anthesis is an im-
portant physiological trait as a criterion of selection in barley breeding. An-
thesis can be presented as a function of the leaf number produced by the main
stem. Most of the environmental and genetic variation from seedling emer-
gence to anthesis results from variation in the number of leaves produced by
the main stem (He et al., 2011). Although variation in FLN was mainly af-
fected by growing conditions, heritability for FLN was high in our study.
Also, the early maturing cultivars had lower and late maturing cultivars had
higher FLN on the main stem.

CONCLUSION

The average FLN on the main stem of winter barley grown under the
conditions of the Pannonian Plain was 13.5. The early cultivars had one leaf
less than the late cultivars. Although non-genetic factors were important in
FLN, variation in FLN was rather a conservative trait, the early maturing
cultivars having low and the late maturing cultivars high FLNs.
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YTULAJ COPTE U TOAWMHE HA BPOJ JINCTOBA KO O3UMOI" JEUMA

Hoso M. Ilpxyss, BojucnaBa M. Momuniosuh
WHCTHUTYT 3a paTapcTBO U IIOBPTAPCTBO
Makcuma 'opxor 30
21000 Hosu Can, Cpbuja

PE3UME: IlojaBa quCTOBA KO/ CTPHUX KHUTA PE3yJTaT je opMupara u u3y-
KUBamwa MpuMoparja nuctoBa. Konadyan 0poj J11cToBa Ha IJIaBHOM CTa0Iy 3aBUCH Of1
Opoja (hopMupaHux MPUMOP/K]ja 70 TIojaBe puMopuja kinacuha. I{usbs oBora uctpa-
JKUBama je J1a ce oJlpein YTHUIIaj TOMHE U COPTE Ha KOHadaH Opoj JIMCTOBA Ha IJIaB-
HOM CTa0IIy KOJl 03UMOT jeuma. /IBaHaecT COpTH jeuMa, TUBEPreHTHUX 110 IOPEKITY H
BpeMEHyY LBeTama (paHe, cpellibe, KaCHe) TeCTUPAHE Cy Y MEPHOLY O ILECT IPOH3-
BoxHUX ce3ona. [Ipoceuan 6poj IMCTOBA HA IIABHOM CTallly 3a NCIIMTHBAHE COPTE U
ce3oHe uzHocwuo je 13,5. Hajpehu npoceuan Opoj nucroa (14,7) nmana je kacHa copra
[IECTOPEJIOT jeuma ,,er)_'[m“, a HajmamwH (11,3) pana copra aBopenor jeuma ,,HoBo-
cazcku 581°. Y onHOCY Ha rpyrne 3pema HajMamu Opoj JUCTOBA OHO je KO/ IpyIie pa-
Hux copru (12,9), a najsehn xox rpyne kacunx copru (13,9). Mennrusane copre pas-
JIMKOBaJIE Cy C€ 3Ha4ajHO y KOHAYHOM OpOjy JIMCTOBA, LITO C€ MOXE UCKOPUCTUTHU Y
n300py ajanTabUITHUX TEHOTUIIOBA 3a ojipeljeHa moapyyja.

KJbYYUYHE PEYU: Jeuam (Hordeum vulgare L.), 6poj nucToBa, KpUBOIMHU]CKA
perpecuja
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EFFECT OF CULTIVAR AND YEAR ON
PHYLLOCHRON IN WINTER BARLEY

ABSTRACT: Development and growth of leaves in cereals significantly affects grain
yield since dry matter accumulation depends on the leaf area that intercepts light. Phyl-
lochron (PHY) is defined as time interval between the emergences of successive leaves on
the main stem. The aim of this study was to determine the effect of year and cultivar on
phyllochron in winter barley. Twelve cultivars of winter barley differing in origin and time
of anthesis were tested during six growing seasons (GS), from 2002/03 to 2007/08. The
highest PHY across GSs was determined in the two-rowed cultivar Cordoba (81.6°Cd) and
the lowest in the two-rowed cultivar Novosadski 581 (71.0°Cd). The early cultivars had fast
leaf development, the medium cultivars medium and the late cultivars slow development,
72.5°Cd, 75.6°Cd and 78.9°Cd, respectively. The tested cultivars showed significant varia-
bility in the PHY, which can be used for selecting most adaptable genotypes for specific
growing conditions.

KEYWORDS: Barley, Hordeum vulgare, phyllochron, heritability, variance

INTRODUCTION

The phyllochron (PHY) is defined as the thermal time interval between
the emergence of successive leaf tips, expressed as growing degree days —
GDD or degree days - °Cd Johnen et al., 2012). It is a measure of plant
development that could be used to assess how the plant has responded to
environmental conditions or to predict how it is going to respond to them. To
estimate the daily interval between growth stages, photothermal units or
growing degree days are usually used. PHY is an alternative approach for
measuring the period between growth stages. Its advantages are that it is more
flexible than the other approaches and that it integrates developmental pro-
cesses within the plant.

* Corresponding author E-mail: novo.przulj@ifvens.ns.ac.rs
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PHY is a result of combination of genetic and environmental factors,
which interact to produce plant leaves in a predictable manner. PHY has been
widely accepted by crop modelers for predicting plant development and by
producers for determining the timing of management practices such as irriga-
tion, fertilization or pesticide application. The effect of environmental chang-
es on the rate of leaf emergence in barley ought to be understood in order to
make accurate predictions concerning the cropping technology.

Air temperature is the main factor affecting PHY (Rickman andKlep -
p er, 1991). Other environmental factors (daylength, water stress, carbohydrate
reserves and nutrient stress) have been shown to have little effect on PHY in
grasses (Borras-Gelonch etal, 2010). Long photoperiod increases the
rate of leaf emergence, i.e., it decreases PHY in wheat and barley (Mirschel
et al., 2005). Water and nitrogen deficits decrease PHY. Leaf emergence rate
in wheat depends on the cultivar and sowing date (Miralles et al., 2001),
resulting in fewer leaves per plant in later sowing dates. Arduini et al,
(2010) found that the rate of leaf emergence is defined early in the life cycle.

The purpose of this study was to analyze the effect of cultivar and year
on PHY of winter barley and to compare leaf emergence in cultivars with dif-
ferent thermal requirements until anthesis.

MATERIALS AND METHODS

Cultivars and crop management. Twelve barley cultivars which differed in
origin, pedigree and agronomic traits were used in this study. A 6-year experi-
ment was conducted from 2002/03 to 2007/08 growing seasons (GS) at the ex-
perimental field of Institute of Field and Vegetable Crops in Novi Sad (45°20°N,
15°51’E, altitude 86 m) on a Chernozem 5011 and under rainfed conditions. Plant-
ing den51ty was 300 viable seeds per m? for six-rowed barleys and 350 viable
seeds per m? for two-rowed barleys. To avoid negative effects of diseases and
pests, the experiment was sprayed with the fungicide Tilt 250 EC in Zadoks
phase 64 and with the insecticide Karate zeon. Weed control was performed by
hand. Degree days with a 7;, of 0° C were calculated accordingto Przulj (2001).

Statistical analysis. All the data were subjected to the analysis of variance
using Statistica 9.0 program (StatSoft, Tulsa, OK, USA). When differences among
earliness groups (early, medium early, late) were tested, four cultivars from
each group were considered as replication for detection of PHY duration.

RESULTS AND DISCUSSION

Phenological development and PHY in cereals are the result of genetic
background and environmental factors (McMaster, 2005). PHY is con-
trolled by two factors (cultivar and year), and their interaction (Table 1). Al-
though differences in PHY were observed among the cultivars (Tables 1, 2),
PHY-based ranking of cultivars could not be performed.
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Table 1. Mean squares and percentage of variance components of the phyllochron (PHY) for
winter barley

Source df PHY
Cultivar 11 176.78**
Year 5 1929.41%*
CxY 55 41.54%*
% of variance components

Cultivar 23.09
Year 30.18
CxY 40.45
Heritability 0.77

** _ Significant at the 0.01 level

If it is accepted that PHY is shorter in late sowing (Miglietta, 1991),
one could conclude that sowing was late in 2003/04, 2004/05 and 2005/06,
since PHY was 70.9, 71.7, and 70.9°Cd respectively (Table 2). However, sow-
ing was in regular time and shorter PHY was a result of unfavorable growing
conditions, first of all temperature and water, from sowing until flag leaf
emergence. High soil temperature at the time of seed emergence only shortens
the duration of germination and seedling emergence. It had no effect on either
the PHY or phenological development in wheat and barley (McMaster and
Wilhelm, 2003).

The early cultivars Skorohod and Novosadski 581 had the lowest °Cd
requirements, or the shortest PHY, and the late cultivars Novator, Kredit, Monaco,
and Cordoba had the highest °Cd requirements or the longest PHY (Table 2).
The early cultivars showed no consistency in the relationship between PHY
and earliness, while the medium early and late two-rowed barley cultivars
were found to have a longer PHY. While Borras et al. (2009) determined
that two-rowed spring barley cultivars have a short PHY, Juskiw et al.
(2001) found them to have a long PHY. PHY in spring barley varied in de-
pendence of genotype and combination of temperature and daylength, but it
invariably increased as temperature increased or daylength decreased.

In this study, the average PHY was 75.7°Cd, with a range from 71.0 to
81.6°Cd (Table 2). In relation to spring barley, the observed PHY was longer
than the mean of 64.5°Cd for Alaska growing conditions (Dofing and
Karlsson, 1993) and shorter than the means of 77.2°Cd for North Dakota
environment (Frank and Bauer, 1995) and 107°Cd for winter wheat
grown in Central Great Plains, USA (McMaster et al., 1992).

The time from sowing to emergence was 138 °Cd (Przulj etal., 2012),
which was about two PHYs. Juskiw et al. (2001) attributed one PHY to the
development of coleoptiles and another PHY to the first true leaf.

Juskiw etal. (2001) found that PHY is prone to error because tempera-
ture and daylength are known to affect the leaf emergence rate. Our results
confirm this statement, where error for PHY of a specific leaf was rather
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Table 2. Phyllochron (°Cd) for twelve winter barley cultivars across six growing seasons (GS)

GS
Cultivar
2002/03 2003/04 2004/05 2005/06 2006/07 2007/08 Average
Kompolti-4 (E, 6R) 73.0 63.2 68.8 73.7 87.9 71.9 73.1
Skorohod (E, 6R) 70.1 68.0 68.1 63.9 86.0 71.3 71.2

Novosadski 525 (E, 2R)  72.3 71.9 72.9 70.7 90.0 70.5 74.7
Novosadski 581 (E, 2R)  70.7 65.4 68.6 68.4 83.5 69.4 71.0

Plaisant (M, 2R) 65.9 70.9 70.0 69.6 88.6 80.6 74.3
Gotic (M, 6R) 67.7 68.9 70.4 70.5 89.6 85.1 75.4
Sonate (M, 2R) 77.8 68.7 75.0 69.7 91.2 75.4 76.3
Boreale (M, 2R) 71.3 69.5 72.6 70.6 90.3 76.2 76.1
Novator (L, 2R) 71.8 73.3 70.4 70.7 90.8 85.4 771
Kredit (L, 2R) 76.8 72.3 69.8 72.0 94.3 86.9 78.7
Monaco (L, 6R) 82.1 78.0 70.7 74.2 92.8 75.6 78.9
Cordoba (L, 6R) 81.1 81.3 83.3 77.2 94.0 72.6 81.6
Average 73.9 70.9 71.7 70.9 89.9 76.7 75.7

Cultivar ~ Year CxY (Y%
LSD 0.05 0.9 0.7 2.7 1.9%

0.01 1.2 0.9 3.0

E-early, M-medium, L-late, 2R- two-rowed, 6R- six-rowed

high, ranging from 13.63% to 33.47% of total variation (Table 3). Leaves 13"
and 14™ were exceptions, with the errors of 8.85% and 4.69%, respectively.
There was a paradox associated with these two leaves: the lower the degree of
freedom, the lower the error. It might be due to the lower variability for leaves
13™ and 14" of the analyzed cultivars since those that had lower values of
PHY (Novosadski 581, Novosadski 525, Scorohod, Sonate and Boreale) did
not have 13™ and 14™ leaves and were not included in statistical calculations.
The values of PHY heritability were rather high, although cultivar participa-
tion in total variation was less than 10% (Table 3).

When the cultivars were sorted according to earliness, PHY was deter-
mined by maturity class and growing season (Table 4). The interaction matu-
rity class x year was not significant for PHY (Table 4), i.e., the early cultivars
invariably had the shortest PHY and the late ones had the longest PHY re-
gardless of the year (Tables 2, 5).

The rate of leaf emergence as a function of leaf number increased
throughout the growing season from about 50°Cd for the first leaf to 100°Cd
for the last leaves. The rate of change fitted the quadratic equitation with the
R? value >0.93 (Figure 1). It greatly depended on GS which participated in the
total variation with >30% (Table 1). Some studies indicated that the rate of
leaf emergence or PHY was constant in both wheat and barley from seedling
emergence to the emergence of the flag leaf (Kamali and Boyd, 2000;
Juskiw etal., 2001; Juskiw and Helm, 2003). Other studies showed
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Table 3. Percentages of the components of variance and heritability for the PHY of individual
main stem leaves across 12 winter barley cultivars and six growing seasons (2002/03-2007/08)

Variance component Percentage of variance components
Leaf Total Culti- hi
df o o 0%y Error var Year CxY  Error b
Ist 215 1.55 6846 0.00 3522 147 65.06 0.00 3347 044
2nd 215 334 8447 0.00 2873 2.86 72.49 0.00 24.65  0.69
3rd 215 270 7487 2.85 1610 2.80 71.57 2.96 16.68  0.66
4th 215 481 79.06 556 1774  4.49 73.77 5.19 16.55  0.72
Sth 215 513 5755 912 1320 6.04 67.70 1073 15.53  0.69
6th 215 551 4941 845 1629 6.92 62.03 1061 2045 0.70
7th 215 493 4948 12.62 12.00 6.23 62.61 1597 1519  0.64
8th 215 544 5086 1149 1370  6.67 6242 1410  16.81 0.67
9th 215 386 53777 13.82 12.57 4.60 6399 1645 1496 0.56
10th 209 574 5051 1333 1450  6.83 60.07 1585 17.25 0.65
11th 209 475 5441 1832 1223  5.29 60.65 2042 13.63  0.56
12th 182 656 7276 19.85 16.61  5.67 62.84 1714 1435  0.61
13th 104 1579 97.61 36.52 14.56  9.60 59.35 22.20 8.85 0.70
14th 53 11.67 31673 581 1643 3.33 90.33 1.66 4.69 0.84

Flagleaf 215 20.77 11495 3630 3295 10.13  56.08 1771 16.08  0.72

Table 4. Mean squares of phyllochron (PHY) for three maturity classes of winter barley

Source df PHY
Maturity class 2 257.88%*
Year 5 643.35%*
Maturity class x year 10 12.61™
% of variance components

Maturity class 28.28
Year 30.21
Maturity class x year 0.00
Heritability 0.96

** _ significant at the 0.01 level, ns — non significant

that PHY varied with plant development and that the pattern of leaf emer-
gence was bilinear rather than linear. A change in PHY may occur between
leaves 6 and 8 (Miralles etal, 2001). Flood et al. (2000) suggested that
variation in PHY may be due to ontogenetic changes, the changes occurring
around the double ridge stage. Miralles and Richards (2000) found a
linear relationship under long days and a bilinear relationship for leaf emer-
gence under short days.
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Table 5. Phyllochron for the three maturity classes (E-early, M-medium, L-late) across 6 growing
seasons (GS)

GS
Maturity class 2002/03  2003/04 2004105 2005/06 2006007 2007/08  *-verage
E 715 671 69.6 69.2 86.9 70.8 725
M 722 70.5 72.0 70.1 89.9 79.3 75.6
L 77.9 75.3 73.5 73.5 93.0 80.1 78.9
Average 73.9 70.9 717 70.9 89.9 76.7 757
Maturity cl.  Year McxY CvV
LSD 0.05 2.2 3.1 55 5.1%
0.01 3.0 42 73
100 -
Cd
95 - * E .
90 -
L
85 - e E
80 - M
_____________ L § L
75 - 4.
b ’.
70 -
E:y=0,038x2+1.582x+59 288
65 e R2=0.939
Tt w M:y=0.052x2+1.3755+61.372
60 7 R2=0933
55 - Liy=-0.017x*+2.,560x+59.946
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Figure 1. Phyllochron across four early (E), four medium (M) and
four late (L) winter barley cultivars across six growing seasons

CONCLUSION

Under the conditions of the Novi Sad region, the average phyllochron
of leaves on the main stem of winter barley was 75.7°Cd. The phyllochron in
the early cultivars was shorter by 6.4°Cd than in the late ones. Since PHY
is determined by the genotypes, growing conditions and interaction between
cultivar and growing conditions, selection of appropriate cultivars for dif-
ferent growing conditions is important task of barley growers.
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YTULAJ COPTE U TOAMHE HA ®1JIOXPOH O3UMOI" JEUMA

Hoso M. Ilpxyss, BojucnaBa M. Momuniosuh
WHCTUTYT 3a paTapcTBO U MOBPTAPCTBO
Maxkcuma ['opkor 30, 21000 Hoeu Can, Cpouja

PE3VIME: PasBuhe 1 pact ucToBa XHUTa 3HAYajHO YyTHUYE HA IPHHOC 3pHA jep
aKyMyJialja CyBe MaTepuje 3aBUCH Ol JIMCHE NOBPIINHE Koja anicopOyje CyHUeBy CBET-
socT. OUIOXPOH Ce Ae(UHMILE Ka0 BPEMEHCKH HHTEPBall u3Mel)y mojase CyKkuecuBHIX
JIMCTOBA Ha IMIaBHOM cTaduy. L{nsb OBOr HCTpaXkuBama je 1a ce oapean edexar roau-
HE ¥ COPTE Ha Ty KHHY (HIOXPOHA KOJI 03UMOT jeuMa. /[BaHASCT COPTH O3UMOT jeuMa
PasIUYUTHX 10 TIOPEKJy U BPEMEHY JI0 [IBETamba TECTUPAHO j€ TOKOM ILECT IPOH3-
BOJHHX ce30Ha, ox 2002/03. mo 2007/08. na mokanurery ,,HoBu Can”. Hajmyxn ¢u-
noxpoH (81.6 °Cd) umana je copra nopenor jeuma ,,Kopnoba“, a najkpahu (71.0 °Cd)
copTa ABopenor jeuma ,,HoBocancku 581%. Pane cote nmase cy HajOp»KH, Cpeambe paHe,
CpPebH U KacHe COpTe HajCIOpHjU MmopacT JuctoBa. Kox paHUX cOpTH IpOCcevYHa Bpe-
HocT (utoxpoHa n3Hocuna je 72.5 °Cd, cpenme panux 75.6 °Cd u kacaux 78.9 °Cd.
Tectupane copTe mokasaje cy 3HauajHy BapujaOUIIHOCT y NYXKUHU (PUIOXPOHA, IITO
MOXe MPENICTaBhATH OCHOBY y M300py HajajanTaOMITHU]UX TEHOTUIIOBA y oipeleHrM
yCIIOBUMa CHOJbHE CPEAHHE.

KJbYUHE PEYMU: jewam, Hordeum vulgare, pnuinoxpoH, XepuTaOUITHOCT, BapH-
jaHca, QHIOXpOoH
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VERTEBRATE FAUNA OF THE EARLY AND LATE IRON
AGES IN VOJVODINA (SERBIA)

ABSTRACT: Based on current published and unpublished research results, a total of 34
vertebrate species from 4 classes have been registered at 9 archaeological sites from the Early
Iron Age in Vojvodina (Serbia). The most numerous one is the mammal class (Mammalia) with
22 species, then osteichthyes class (Osteichthyes) with 10 species, while birds (Aves) and rep-
tiles (Reptilia) are repsented with one species each. From the Late Iron Age, at 14 archaeologi-
cal sites, a total of 21 species were registered, of which 16 belong to the mammal class (Mam-
malia), birds (Aves) are represented by 2 species, and osteichthyes (Osteichthyes) by 3 species.

KEYWORDS: Archaeological sites, the Early and Late Iron Age, Vertebrata fauna,

Vojvodina (Serbia)

INTRODUCTION

On the territory of Vojvodina, there are archaeological sites from different
periods, and the largest amount of data on animal remains has been collected
from the Neolithic, but also from the Early and Late Iron Age. Systematic
archaeological digs at most of sites from the Iron Age started during the 1970s
and since then more than 35 000 samples have been collected (Blazi¢, 1993—
1994; 1997; 2010; unpublished). These periods are interesting because, at the
beginning of the Early Iron Age, a climate change occurred, therefore colder
and more humid period had begun. Remains of the vertebrate bones also testify

of this phenomenon (Bdkonyi, 1981).

* Corresponding author E-mail: desanka.kostic@dbe.uns.ac.rs
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MATERIAL AND METHODS

This paper features both published and unpublished results of the vertebrate
fauna research from 9 archaeological sites in Vojvodina from the Early Iron Age,
and 14 sites from the Late Iron Age (Map 1). Osteological material comes from
the settlements and necropoleis. Determination was done by using the keys
Driesch, (1976) and Schmid, (1972) and comparative osteological collections.

Map of Vojvodina with marked sites (1-19) with dating given for each site
(V for the Early Iron Age and VI for the Late Iron Age).

1. Gomolava—Hrtkovci (V,VI); 2. Kalakaca—BeSka (V); 3. Feudvar-MoSorin (V); 4. Gradina—
Vasica (V, VI); 5. Djepfeld—Doroslovo (V); 6. Carnok—Vrbas (VI); 7. Turski Sanac—Backa
Palanka (VI); 8 Vrtlozi—Simanovci (V, VI); 9. Tromedja—Peéinci (VI); 10. Zirovac—Ruma (VI);
11. Bare—Voganj (VI); 12. Livade—Sremska Mitrovica (VI); 13. Mitrovacke livade—Sremska
Mitrovica (VI); 14. Zabrana—Mandjelos (V); 15. Bregovi Atovac—Kuzmin (V, VI); 16. Velike
ledine—Kuzmin (VI); 17. Gaji¢—Adasevci (VI); 18. Asfaltna baza—Zemun (V); 19. Zidovar (VI)

RESULTS AND DISCUSSION

The period, from which the collected and processed material from archaeo-
logical sites in Vojvodina originates, is divided into nine phases, of which the
Early and Late Iron Age should be singled out. The most important archaeo-
logical site in Vojvodina is Gomolava-Hrtkovci, where eight cultural layers have
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been recorded. The Early Iron Age from this site has been dated to the period
between 950 and 300 B.C., and the Late Iron Age to the period between 1% cen-
tury B.C. and 1* century A.D.) (Petrovi¢, 1984). The sites from the Early Iron Age
are marked with “V’ in the paper, and the sites from the Late Iron Age with ‘VI.

At 9 archaeological sites in Vojvodina from the Early Iron Age (Hall-
statt culture), a total of 34 vertebrate species from 4 classes were registered.
The most numerous class is mammals (Mammalia) with 22 species that are
classified in 5 orders. With 9 species, the most numerous order is Artiodacty-
la, and then comes order Carnivora with 7 species. Apart from this, from the
Insectivora order only Erinaceus genus was determined, and from the Car-
nivora order only Mustela genus. In the period of the Early Iron Age, great
diversity was registered also in the class of Osteichthyes in which 10 species
belonging to 4 orders were determined, of which Cypriniformes order is the
most numerous one with 4 species. Reptiles (Reptilia) and birds (Aves) are
represented in this period by only one species each (Table 1).

Judging by the vertebrate fauna diversity at archaeological sites, it can be
concluded that there is the richest diversity at Feudvar—Mosorin (Site No. 3)
where 20 mammal species, 10 osteichthyes species and one reptile species were
registered (Becker, 1991 [1]; Blazi¢, 1991 [6]). The diversity of the vertebrate fau-
na is, above all, the result of the fact that area around this archaeological site con-
sisted of the river and coastal biotopes, very humid and dry habitats, dense forests,
and bare lands (Becker, 1998). With 15 mammal species, 3 fish species and 1 bird
species, Gomolava (Site No. 1) is the next in line for its faunal diversity (BlaZic¢,
1986 [4]; 1988 [5]), and there is similar diversity at Kalaka¢a—Beska (site no. 2)
where 11 mammal species, one reptile species and one fish species was registered.
This vertebrate faunal diversity is definitely in relation with the fact that this area
was under forest and rich in water (Bokonyi, 1988 [17]). Slightly poorer diversity
of vertebrate fauna (10 mammal species and one fish species) was recorded at
Asfaltna baza—Zemun (Site No. 18) (Blazi¢, 2010 [13]). On the remaining 5 sites
from this period, only mammals were registered, wherein at sites Vrtlozi—
Simanovci (Site No. 8) and Bregovi Atovac—Kuzmin (Site No. 15) 9 species were
registered (Blazi¢, 1992 b [8]), and at Gradina—Vasica (Site No. 4), Pepfeld—
Doroslovo (Site No. 5) and Zabrana—Mandelos (Site No. 14) 8 species were
registered (Békonyi, 1981 [16]; Blazi¢, 1992 b [16]; 1993-1994 [9]) (Table 1).

At all 9 sites from the Early Iron Age, the following species were regis-
tered: Canis familiaris, Equus cabalus, Sus scrofa domestica, Sus scrofa, Cer-
vus elaphus, Bos taurus, Ovis aries and Capra hircus (Table 1). All of these
animals were the base for the animal husbandry of this period (Becker, 1998;
Blazi¢, 2005 a) and they were also bred in the settlements of the Early Iron Age
in South-East Europe (Blazi¢, 1992 b). Stanc et al. (2010) discusses the signifi-
cant presence of ox — Bos taurus in the economy of the Iron Age at several ar-
chaeological sites on the territory of Romania, stating that contribution of this
species in the mammal fauna was between 30% and 60%, and between 30%
and 70% in the fauna of domesticated mammals. Nevertheless, the presence of
wild boar — Sus scrofa and red deer — Cervus elaphus at sites in Vojvodina,
points to presence of large forests and areas rich in water (Bokonyi, 1981).
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Table 1 — Fauna at some archaeological sites in Vojvodina from the Early (V) and Late Iron

Ages (V)
TAXON DATING SITE AND author
Classis MAMMALIA
Ordo Insectivora
Erinaceus sp. \% 3[1]
Ordo Rodentia
(Citellus citellus) (L.1766) \Y 3[1]
Spermophilus citelus
Cuvier 1825
Cricetus cricetus (L. 1758) \ 3[1]
Castor fiber L. 1758 \% 1[41,[5]; 3[1]
VI 13[71,[8]; 19[14]
Ordo Lagomorpha
Lepus europaeus Pall. 1778 \4 1[4],[5]; 2[17]; 18[13]
Lepus capensis L. 1758 \% 3[1]
VI | 1[4L.[91.[18]; 6[71.[9]
Ordo Carnivora
Canis familiaris L. A% 1[41,[5]; 2[17]; 3[1]; 4,5[9]; 8,14,15[8]; 18[13]
VI 1[4],[9] [18]; 4,6[7],[9]; 8,12,13,17[7],[8];
L1,15[7],[81,[9]; 9[81.[9]; 19[14]
Canis lupus L. 1758 A% 1[41,[5]; 3[1]
VI 19[14]
Vulpes vulpes (L. 1758) VI 1[41,[9],[18]; 6[71,[9]; 19[14]
Ursus arctos L. 1758 \% 1[41,[5]; 3[1]
VI 6[71,[9]; 19[14]
Mustela sp. \% [1]
Martes martes (L. 1758) \% 1[4],[5]
Martes sp. \% 3[1]
Meles meles (L. 1758) \% 3[1]
VI 19[14]
Lutra lutra (L. 1758) \Y% 3[1]
Felis silvestris Schreber 1777 \% 3[1]
Ordo Perissodactyla
Equus cabalus L. 1758 A% 1[41,[5]; 2[17]; 3[1]; 4,5 [9]; 8,14,15[8]; 18[13]
VI | 1[4L[9].[18]; 4,6[71,[9]; 7[31.[7].[9]; 8,12,17[7],[8];
11,15[71,[8],[9]; 9[81,[9]; 19[14]
Ordo Artiodactyla
Sus scrofa domestica L. 1758 A% 1[41,[51; 2[17]; 3[1]; 4,5[9]; 8,14,15[8]; 18[13]
VI | 1[4,[91.[18]; 4,6[71.[91; 7[3],[71.[9]; 8,12,13,17[7],[8];
10,16[8]; 11,15[7],[81.[9]; 9[8],[9]; 19[14]
Sus scrofa L. 1758 A% 1[41,[51; 2[17]; 3[1]; 4,5[9]; 8,14,15[8]; 18[13]
VI | 1[4,[9],[18]; 4,6[7],[9]; 8,12[7],[8]; 15[71.[8],[9];
9[81.[9]; 19[14]
Cervus elaphus L. 1758 A% 1[41,[5]; 2[17]; 3[1]; 4,5[9]; 8,14,15[8]; 18[13]
VI 1[41,[91,[18], 4,6[71,[91; 7[31,[71,[9]; 8,12,13,17[71,[8];
11,15[71,[8],[9]; 9[81,[9]; 19[14]
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Dama dama (L. 1758) \% 3[1]
Capreolus capreolus (L. 1758) \% 1[41,[51; 2[17], 3[1]; 8,15[8]; 18[13]
VI | 1[4L[9L18; 4.6[7L19); 812(71,[81; 15[71.[81,19);
19[14]
Bos taurus L. \% 1[41,[5]; 2[17]; 3[1]; 4,5[9]; 8,14,15[8]; 18[13]
VI | 1[4L[9L[18]; 4,6[7].[91; 7[3].[71.[9]; 8,12,13,17[7],[8];
10,16[8]; 11,15[71,[81.[9]; 98].[9]; 19[14]
Bos primigenius (Bojanus \% 1[41,[5]; 2[17]; 3[1]
1827) VI 4,6[71,[9]; 19[14]
Ovis aries L. 1758 v 1[41,[5]; 2[17]; 3[1]; 4,5[9]; 8,14,15[8]; 18[13]
VI | 1[4],[91.[18]; 4,6[71.[91; 7[3],[71.[9]; 8,12,13,17[7],[8];
10,16[8]; 11,15[7],[81.[9]; 9[8],[9]; 19[14]
Capra hircus L. 1758 \% 1[41,[5]; 2[17]; 3[1]; 4,5[9]; 8,14,15[8]; 18[13]
VI | 1[4],[91,[18], 4,6[7],[9]; 7[3],[71.[9]; 8,12,13,17[7],[8];
10,16[8]; 11,15[71,[81,[9]; 9[81,[9]; 19[14]
Classis AVES
Ordo Anseriformes
Anser anser (L. 1758) VI 1[41,[91,[18]
Ordo Galliformes
Gallus domesticus (L. 1758) \Y 1[41,[5]
VI | 1[4L[91,[18]; 4,6[7],[9]; 13[7],[8]; 11,15[7],[8],[9];
19[14]
Classis REPTILIA
Ordo Testudines
Emys orbicularis (L. 1758) \% 2[17]; 3[1]
Classis OSTEICHTHYS
Ordo Acipenseriformes
Huso huso (L. 1758) \ 3[6]
Acipenser stellatus Pallas 1771 \Y 3[6]
Acipenser gueldenstaedti \Y 3[6]
Brant et Ratzeburg 1833
Ordo Salmoniformes
Hucho hucho (L. 1758) \ 3[6]
Esox lucius L. 1758 \% 1[41,[5]; 3[6]
VI | 1[4L[9L.[18]; 4,6[7]1.[9]
Ordo Cypriniformes
Aspius aspius (L. 1758) \ 3[6]
Abramis brama (L. 1758) \% 3[6]
Cyprinus carpio L. 1758 \% 1[41,[5]; 2[17]; 3[6]; 18[13]
VI | 1[4L[9L[18]; 4,6[7].[91; 15[71.[8].[9]; 19[14]
Leuciscus idus (L. 1758) \Y% 3[6]
Ordo Siluriformes
Silurus glanis L. 1758 \% 1[41,[57; 3[6]
VI [4,6[71,09%; 15[7].[8L.[9]

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

brackets is the site number
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Archaeozoological researches at 14 sites in Vojvodina from the Late
Iron Age (La Tene culture) have shown presence of 21 vertebrate species
classified in 3 classes: mammals (Mammalia), birds (Aves) and osteichthyes
(Osteichthyes). From the total number of species, 16 are mammals classified
into 5 orders of which the most numerous one is Artiodactyla (8 species). The
following were also recorded: 3 fish species members of 3 orders, as well as 2
bird species systematised into 2 orders (Table 1).

The largest number of mammal species (14) was recorded at Zidovar (site
no. 19), and besides these, carp — Cyprinus carpio was — also registered (Blazic,
unpublished [14]). Disregarding the number of mammal species, Carnok-Vrbas
(site no. 6) stands out in terms of vertebrate diversity, where 13 mammal species,
3 fish species and one bird species were registered (Blazi¢, 1992 a [7]; 1993—-1994
[9]). Then comes Gomolava (site no. 1) (Clason, 1979 [18]; Blazi¢, 1986 [4]) with
11 mammal species, 2 bird species and 2 fish species is, and similar situation was
also recorded at Gradina—VaSica (site no. 4) where 10 mammal species, one bird
species and 3 fish species were registered (Blazi¢, 1992 a [7]; 1993-1994 [9]).
At Turski Sanac—Backa Palanka (site no. 7) as well as at 9 sites along the
highway through Srem, with the exception of Bregovi Atovac—Kuzmin (site
no. 15), only the presence ‘of mammal species was recorded, the number of which
was between 4 and 9 (Blazi¢, 1978 [3]; 1992 a [7]; b [8]; 1993—1994 [9]). Among
registered mammal species, Eurasian beaver — Castor fiber should be mentioned,
the presence of which at Mitrovacke livade—Sremska Mitrovica (Site No. 13)
speaks of ideal life conditions in the nearby stream (Blazi¢, 1992 b [8]).

At all above mentioned sites from this period, the following species were
registered: Sus scrofa domestica, Bos taurus, Ovis aries and Capra hircus
(Table 1). This is entirely consistent with the picture of life in settlements from
the Late Iron Age in Europe, where animal husbandry was more important
than hunting (Blazi¢, 1992 b).

After comparing data on vertebrate fauna at archaeological sites from
the Late Iron Age in Vojvodina with those in the neighbouring countries, it
can be concluded that one site in south-east Romania and 3 sites in Bulgaria
of the same period have much richer ornithofauna diversity (Gal et Kessler,
2002; Boev, 1993). Somewhat richer vertebrate fauna at sites in Vojvodina
from the Late Iron Age was recorded compared with Kale—Krsevica site in
Serbia (Blazi¢, 2005 b).

CONCLUSIONS

Based on current published and unpublished research results from 9 ar-
chaeological sites in Vojvodina (Serbia) from the Early Iron Age and from 14
sites from the Late Iron Age, the following can be concluded:

- From the Early Iron Age, a total of 34 vertebrate species members of 4
classes were registered. The most numerous one is the mammal class (Mam-
malia) with 22 species, then osteichthyes class (Osteichthyes) with 10 species,
while birds (Aves) and reptiles (Reptilia) are represented by one species each.
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- From the Late Iron Age, a total of 21 vertebrate species were regis-
tered, of which 16 belong to the mammal class (Mammalia), birds (Aves) are
represented by 2 species, and osteichthyes (Osteichthyes) by 3 species.

- From the Early Iron Age, the richest site in terms of vertebrate fauna
is Feudvar—Mosorin.

- From the Late Iron Age, the richest site in terms of vertebrate faunal
diversity is Carnok—Vrbas.
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ORNITOFAUNA FROM THE ARCHAEOLOGICAL
SITES IN VOJVODINA (SERBIA)

ABSTRACT: After decades-long vertebrate fauna research, out of 42 archaeological
sites in Vojvodina (Serbia) from different periods ranging from the Neolithic to the Middle
Ages, remains of birds were registered at 17 sites (4 from the Neolithic, 1 from the Early
Iron Age, 7 from the Late Iron Age, 5 from the Roman Period, 1 from the Migration Period,
and 4 from the Middle Ages). A total of 14 species and 4 genera were registered for this
vertebrate class. The richest ornithofauna is from the Neolithic, where 9 species and 3 gen-
era were registered. The Migration and Medieval periods are next with 4 registered species
and one genus each. There were 3 species registered from the Roman Period, and 2 species
from the Late Iron Age. The poorest ornitofauna was registered from the Early Iron Age,
only one species.

KEYWORDS: Archaeological Sites, Ornitofauna, Vojvodina (Serbia)

INTRODUCTION

Osteological material from the archaeological sites of different periods in
Vojvodina is being collected since 1930s, but the more intensive fauna re-
search has been done in the last forty years. Bird remains were found at many
sites. First of all, the Neolithic site Starcevo should be mentioned. At this site,
research began in 1932, and continued between 1969 and 1970 (Clason, 1980).
Nosa—Biserna obala is the site that belongs to the same period. The research
at this site was conducted in 1957 (B6konyi, 1974). Research at Donja Branje-
vina site, near Deronje, was done in 1987 (Blazi¢, 1992 a). Systematic collecting
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of osteological material at the multilayered archaeological site Gomolava near
Hrtkovcei began in 1971, although digging at this site began in 1953 (Petrovic,
1984).

Bird bones were also found at many sites from the Early and Late Iron
Ages: Gradina—Vasica, Carnok—Vrbas (Blazi¢, 1992b, 1993-1994), Bare—Vo-
ganj, Mitrovacke llvade—Sremska Mitrovica and Breg0V1 Atovac—Kuzmin
(Blazi¢, 1992 c¢), and also at Zidovar (Blazi¢, unpublished). Ornitofauna re-
mains have also been found at sites from the Roman Period: Malo Kuvalovo—
Krnjesevci, Kudo$—Sasinci, Prosine—Prhovo (Blazi¢, 1992 c), Sirmium site
no. 85—Sremska Mitrovica (Nedeljkovi¢, 2008) and Vranj (Blazi¢, 1993). From
the Migration Period, bird remains were found only at Sirmium site no. 85
(Nedeljkovi¢, 2008). Concerning the Middle Ages, bird remains were found at
4 sites: Malo Kuvalovo, Gaji¢ and Vraci¢—Adasevci (Blazi¢, 1992 c), and at
Sirmium site no. 85 (Nedeljkovi¢, 2008).

MATERIAL AND METHODS

This paper features both published and unpublished results of the ornitho-
fauna research from 17 archaeological sites of different periods in Vojvodina
(Map 1). Material originates from the settlements and necropoleis from the Neo-
lithic to the Middle Ages. Determination of vertebrates was done using the keys
Driesch, (1976) and Schmid, (1972) and comparative osteological collections.

Map 1. Map of Vojvodina with marked archaeological sites

1. Nosa—Biserna obala (I); 2. Donja Branjevina (I); 3. Carnok (IIT); 4. Star&evo (I); 5. Zidovar (III);
6. Malo Kuvalovo (IV, VI); 7. Kudos (IV); 8. Bare (I1I); 9. Sirmijum 85 (IV,V,VI); 10. Mitrovacke
livade (III); 11. Bregovi (II1); 12. Gradina (III); 13. Gaji¢ (VI); 14. Vraci¢ (VI); 15. Prosine (IV);
16. Gomolava (I, 111 III); 17. Vranj (I1V)
I — Neolit; I — Early Iron Ages; III — Late Iron Ages; IV — Roman period; V — Migration period;
VI - Middle ages
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RESULTS AND DISCUSSION

Period from which originates the collected and analysed osteological ma-
terial from the archaeological sites in Vojvodina is divided into the following
phases: Neolithic Age — New Stone Age (60003200 BC); Eneolithic Age —
Copper Age (32002000 BC); Bronze Age (2000-950 BC); Early Iron Age
(950-300 BC); Later Iron Age (4™ century BC — 1% century AD); Roman Pe-
riod (1°-4" century AD), Migration Period (4"—9™ century AD) and Middle
Ages (9" century — 1526 AD) (Cerovi¢ et al., 1997).

The most important archaeological site in Vojvodina is Gomolava-Hrtk-
ovci, where 8 cultural layers were recorded (Petrovi¢, 1984). Its stratigraphy
is as follows: Late Neolithic Age — Early Eneolithic Age (3800—3400 BC);
Middle Eneolithic Age (3400-2800 BC); Late Eneolithic Age (2800-2000
BC); Bronze Age (2000-900 BC); Early Iron Age (900-300 BC); Later Iron
Age (1** century BC—1* century AD); Roman Period (1*-4" century AD), and
Middle Ages. It should be noted that the osteological material from this site
originates from the first, second, third, fifth and sixth layer.

At archaeological sites in Vojvodina, representatives of 7 bird orders were
registered: Anseriformes, Accipitriformes, Galliformes, Gruiformes, Charadrii-
formes, Columbiformes and Passeriformes, of which the first order is the richest
in terms of species (7), orders Galliformes and Gruiformes are represented by
two species each, orders Charadriiformes, Columbiformes and Accipitriformes
with one species each, taking into consideration that the last of the mentioned
orders is also represented by 3 genera, while order Passeriformes is represented
by only one genus (Table 1) (Blazi¢, 1986; 1988; 1992 a, b, c¢; 1993-1994; 1993;
unpublished; Bokonyi, 1974; Clason, 1979; 1980; Nedeljkovi¢, 2008).

After comparing data from the territory of Vojvodina with those from
the neighbouring countries, it can be concluded that the ornithofauna in Voj-
vodina is by far poorest, because at 23 sites in Bulgaria of the same period, 64
bird species which are representatives of 13 orders were registered (Boev, 1993).
Gal et Kessler (2002) have researched orhnithofauna of the Eneolithic Age in
south-eastern Romania and they have registered 32 species from 9 orders. At
the territory of Vojvodina, there have not been found any ornithological re-
mains from this period.

The above mentioned differences can be explained by the span of archaeo-
logical research, characteristics of sites, and by settlements’ distinctiveness.

Based on the research results collected so far, at the Neolithic sites in Voj-
vodina (Serbia), 9 bird species classified into 4 orders have been registered,
while from the Accipitriformes order determination could be done only to the
genus. The greatest diversity of this vertebrate class, from the Neolithic (9
species), was recorded at Starcevo site, while at Gomolava, Donja Branje-
vina and Nosa — Biserna obala only one species was registered at each site
(Gomolava Anser anser; Donja Branjevina and Nosa — Ofis tarda) (Clason,
1979; Blazi¢, 1986, 1992 a, 2005; Bokonyi, 1974). At Starcevo site, 5 species
from the Anseriformes order were found (4nas clypeata, Anser anser, Anser
fabalis, Cygnus olor and Cygnus cygnus), while for the Accipitriformes order
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Table 1. Ornitofauna of some archaeological sites in Vojvodina (Serbia) from the Neolithic to the
Middle Ages.

Early Iron | Late Iron | Roman | Migration | Middle

TAXON Neolit Ages Ages period period Ages

Ordo Anseriformes
Anas clypeata L. 1758 +
Anas domestica L. 1758 + + +
Anser anser (L. 1758) + +
Anser fabalis (Latham 1787) +
Anser domestica L. 1758 + +
Cygnus olor (Gmelin 1789) +
Cygnus cygnus (L. 1758) +
Ordo Accipitriformes

Aquilla heliaca
Savigny 1809

Aquilla sp. +
Milvus sp. +
Circus sp. +
Ordo Galliformes
Gallus domesticus (L. 1758) + + + + + +

Meleagris gallopavo
L. 1758

Ordo Gruiformes
Grus grus (L. 1758) +
Otis tarda L. 1758 +
Ordo Charadriiformes
Numenius arquata (L. 1758) +
Ordo Columbiformes

Columba domestica
Gmelin 1799

Ordo Passeriformes

Corvus sp. + +

determination could be done up to the genera Aquilla sp., Milvus sp. and Cir-
cus sp.; the Galliformes order was represented by only one species Gallus
domesticus; two representatives of the Gruiformes were also recorded (Grus
grus and Otis tarda), while the Charadriiformes order was represented by
Numeenius arquata (Clason, 1980).

When comparing the ornitofauna among the sites in Vojvodina, other
regions in Serbia, and the neighbouring countries, it can be concluded that
there are certain differences. In Hungary, at Polgar-Csdszhalom site, apart
from the species registered in Serbia, Bokonyi (1974) also lists findings of
Ardea purpurea and Bubo bubo, and at Roszke-Ludvar site there are 9 more
bird species that were not registered in Vojvodina. In comparison with Neo-
lithic sites of Crkvine and Belez in Kolubara basin in Serbia (Blazi¢ and
Radmanovi¢, 2011), Divostin near Kragujevac, also in Serbia (Békonyi, 1988),
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Anza near Stip in FYR Macedonia (Békényi, 1976), Obre I and Obre II near
Kakanj in Bosnia (B6koényi, 1977) and Sitagroi in Greece (Bokdnyi, 1986),
greater diversity of vertebrate fauna was registered at sites in Vojvodina from
the same period, although it should be stated that, in comparison with the last
mentioned site, Anas platyrhynchos, Mergus merganser and Coturnix cotur-
nix were not reglstered in Vojvodina. Absence of Gyps fulvus in Vojvodina is
in relation with zoogeographical distribution of this species. Greater number
of bird species was also registered at Padina (Clason, 1980).

The above mentioned differences were caused by geographical location,
habitat conditions and span of archaeological research.

From the period of the Early Iron Age (Hallstatt culture), the remains of
only one bird species — Gallus domesticus — were found at Gomolava site
(Blazi¢, 1986, 1988), while from the Late Iron Age (La Téne culture), apart from
the above mentioned species, Anser anser was registered, also at Gomolava
(Clason, 1979; Blazi¢, 1986, 1993-1994). Apart from the Gomolava site, Gallus
domesticus was also found at Gradina and Carnok (Blazi¢, 1992 b, 1993-1994);
then at Bare, Mitroyacke livade and Bregovi Atovac (Blazi¢, 1992 ¢, 1993—
1994), as well as at Zidovar (Blazi¢, unpublished).

After comparing data on vertebrate fauna at archaeological sites from
the Late Iron Age in Vojvodina with those in the neighbouring countries, it
can be concluded that at one site in south-eastern Romania there were 13 bird
species from 6 orders registered (Gal et Kessler, 2002), and that 3 sites in Bul-
garia of the same period have much richer ornitofauna diversity (Boev, 1993).

From the Roman Period, 3 bird species were registered: Anas domestica,
Agquilla heliaca and Gallus domesticus. The first one was recorded at Sirmium
site no. 85 (Nedeljkovi¢, 2008), the second at Vranj site (Blazi¢, 1993), and
the third was found at both of these sites, and also at Malo Kuvalovo, Kudo§
and Prosine sites (Blazi¢, 1992 c).

The above mentioned differences can be explained by the span of ar-
chaeological research and differences between settlements.

From the Migration Period and Middle Ages, the presence of the same
species was also registered: Anas domestica, Anser domestica, Gallus domes-
ticus, Columba domestica, as well as the Corvus sp. genus. All of them were
found at Sirmium site no. 85 (Nedeljkovi¢, 2008), and Gallus domesticus was
also found at Malo Kuvalovo, Gaji¢ and Vraci¢ sites (Blazi¢, 1992 c).

For one bird species — Meleagris gallopavo—turkey from the site no. 85
Sirmium, it could not have been determined whether it originates from the
Roman Period, Migration Period, or Middle Ages (Nedeljkovi¢, 2008).

As it was mentioned above, at the sites in Vojvodina from the Roman
Period, Migration Period and Middle Ages, 6 bird species and one genus were
registered, unlike the territory of Bulgaria where, at 18 sites from the Roman
Period and Middle Ages, 57 species were registered (Boev, 1993). Domestic
hen Gallus domesticus was registered in Vojvodina at 5 sites from the Roman
Period and at 4 sites from the Middle Ages. Presence of this bird species at
sites in Hungary and Romania, also from the Roman Period, Migration Period
and Middle Ages, is discussed by Gal (2008).
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Nonetheless, the largest amount of data on fauna diversity at archaeo-
logical sites from all research periods, therefore from the Roman Period and
Middle Ages also, was given in Bokdnyi (1974) for the territory of Hungary.
Concerning the Roman Period, differences in the composition of vertebrate
fauna between Vojvodina and Hungary, according to the data of this author,
exist for 12 sites in Hungary. Bokonyi, (1974) states that, at Tokod-Erzébetak-
na site, Grus grus was the recorded member of bird species, while at Tac ar-
chaeological site, 14 wild and 2 domestic bird species were registered. Nine-
teen archaeological sites from the Middle Ages at the territory of Hungary are
also characterised by richer vertebrate fauna, because, apart from the species
registered in Vojvodina, the presence of 16 bird species (Ciconia ciconia, Bu-
teo buteo, Haliaetos albicilla, Milvus migrans, Pavao cristatus, Perdix per-
dix, Phasianus coclchicus, Grus grus, Otis tarda, Bubo bubo, Strix aluco,
Columba palumbus, Corvus frugilegus, Turdus pilaris, Turdus viscivorus,
Upupa epops) was also registered.

The identified differences among the archaeological sites from the Ro-
man Period, Migration Period and Middle Ages in Vojvodina and sites of the
same dating in neighbouring countries can be explained by the span of ar-
chaeological research.

CONCLUSION

At 17 archaeological sites in Vojvodina (4 from the Neolithic, 1 from
the Early iron Age, 7 from the Late Iron Age, 5 from the Roman Period, 1
from the Migration Period, and 4 from the Middle Ages), the total of 14
species and 4 genera of birds have been registered. They belong to the fol-
lowing orders: Anseriformes, Accipitriformes, Galliformes, Gruiformes,
Charadriiformes, Columbiformes and Passeriformes.

Ornithofauna is the richest in the Neolithic, where 9 species (4nas
clypeata, Anser anser, Anser fabalis, Cygnus olor, Cygnus cygnus. Gallus
domesticus, Grus grus, Otis tarda and Numenius arquata) and 3 genera
(Aquilla, Milvus and Circus) were registered.
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OPHUTO®AYHA APXEOJIOIIKNX JIOKAJIMTETA
V BOJBOJIHY (CPBUIJA)

Hapxo I1. Pagmanosuh!, lecanka C. Koctuh?,
Jenena 3. J'IyJI/Ih2 Caernana B. bnaxuh'
"Mys3ej Bojsoaune
Hynascka 35-37, 21000 Hosu Cax, Cpbuja
2 Vuusepsuter y HoBom Cany, Hpnpom{o MareMaTHuku (paKyyiTer
JemapTMmaH 3a 6uosorujy u exosorujy, Tpr Jocuteja O6panosuha 2
21000 HoBu Can, CpOuja

PE3UME: TokoMm BuIeJelIeHUjCKUX HCTpakuBama (payHe KMuMemaka Ha 42
apxeosolka jjokanuteTa y Bojogunu (CpOuja) pa3auuuTHX JaTOBamba 01 HEOJIUTA J10
CpeImer BeKa, OCTalU MITUIIA CYy KOHCTaTOBaHU Ha 17 okanuTeTa (4€TUPHU U3 TIEpHOa
HEOJINTA, jeflaH U3 CTapHjer TBO3ACHOT 00a, ceaaM u3 Miiaher reosjeHor 100a, ner
U3 PUMCKOT TIEPUO/IA, je/IaH U3 IIEPHOia ceo0e HAapO/a M YETHPH U3 CPEIHOBEKOBHOT
nepuosia). Y OKBHPY OBE KJIace KHUMEHaKa YKYITHO je JIeTepMUHHCaHO 14 BpcTa U de-
THPH poJia punagHuKa penoBa Anseriformes, Accipitriformes, Galliformes, Gruiformes,
Charadriiformes, Columbiformes n Passeriformes. OpuurtodayHa je Haj6oraTHja y
HEOJIUTY, Y KOME je PErHCTPOBAHO JICBET BPCTA U TPH POJIA, @ 3aTHM, Ca YSTUPU KOHCTA-
TOBAaHE BPCTE U JETHUM POZIOM CIIE/IE TIEPHOJL CE00€ HApOJIa M CPEEOBEKOBHH IIEPHOLL,

Y PUMCKO] eI0XH 3abelieskeHe Cy TP BPCTe, y MiaheM rBo3jieHoM 100y JBe, 10K je
opHATO(DAYHA HAjCHPOMAIIHH]a y CTAPH]EM IBO3JEHOM 100y y KOME j€ PErMCTpOBaHa
caMo jeqHa BPCTA.

KJbYUHE PEUYU: apxeomomKu JoKaauTeTH, opHUTOdayHa, Bojonnna (Cpouja)
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CONSTRUCTION AND TECHNIQUES OF WRITING
A SCIENTIFIC PAPER IN NATURAL AND
ENGINEERING SCIENCES

ABSTRACT: In science and scientific research there is a wide spectre of fields and
subfields which are not always strictly confined. Different classifications of sciences are also
known. Numerous books have been published regarding scientific research, types of scien-
tific papers and manners in which their results are published. This literature is very detailed and
precise within international academic circles, especially the literature that relates to pub-
lishing scientific books and doctoral theses. However, there are certain dilemmas and in-
consistencies which can confuse a young scientist when writing an original research article.
After a brief review of issues pertinent to scientific paper writing, methodology of scientific
research and type of papers, this paper shows characteristics and construction of an original
research article. It shows a technique of writing a paper in all scientific fields and subfields
with special emphasis on natural and engineering sciences and in accordance with international
and domestic standards. Wider practical guidelines can be found in the cited literature, so
they can be additionally used, if needed.

KEYWORDS: Construction and technique of paper writing, methodology, natural
and engineering sciences, scientific research, types of scientific papers

INTRODUCTION

Within international academic circles, there are numerous similar defini-
tions of science and scientific research, some of which are provided in the text
that follows.

Science represents a rational form of social awareness with the main
objective to research and affirm the objective truth about the world as a whole
or a part of it, as well as different instances within it and their legitimacies.

* Corresponding author E-mail: caricom@sbb.rs
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Basic purpose of science is “to get to know the world so that it can be surmount-
ed by human* and it primarily represents a “ systemized code of knowledge*
(Suboti¢, 2009). Today, scientific research in all branches of activities has
been developing intensely and it represents a creative process which contrib-
utes immensly to the overall well-being of mankind (Foli¢, Kurtovi¢-Foli¢,
2009). Scientist must be absolutely dedicated to his/her work that is to science:
reading, researching, writing. Long time ago, it was said that success comprises
5% of talent and 95% of work (Filipovi¢, 2004). This statement primarily re-
lates to science, art and sport.

Systemised and tested knowledge which is acquired through thorough
research and logical analysis is called science (Cari¢, O., Cari¢, M., 2011).
Facts, scientific principles and regularities are acquired on the basis of per-
formed research. Thus, scientific research commences with an unexplored or
partially explored problem. Based on that, it leads to new findings, results and
establishment of new inter-relations. No matter what field of science is in
question, the results must be accurate, the experiments must be repeated in a
sufficient number of times (natural sciences), apropos data must be gathered
in a sufficient number (social sciences). There are 3 basic scientific-research
methods which are most frequently used (Sami¢, 1988): normative (renders
result as a norm, standard, usually on the basis of statistics); experimental
(experimental Verification of natural regularities); historical (reaches conclu-
sions using history — chronology; mainly present in historical sciences). Apart
from the above mentioned, the following methods are also applied: case study,
survey, interview, genetic method and comparative method.

In order to be displayed to the experts and critics, the results of scientific
research are published in domestic and international scientific journals, at
scientific meetings, in monographs, project reports, encyclopedias, patents,
master thesis and doctoral (PhD) thesis.

This text will pay special attention to the construction of the original
scientific paper.

TYPES OF SCIENTIFIC PAPERS

Basic characteristics of a scientific paper with regards to its categorisa-
tion are: original research paper, short communication, professional paper,
review paper, conference proceedings, poster, plenary (1ntroduct0ry) lecture,
scientific monograph, monograph of international importance, chapter in a
monograph or thematic almanac, research project, encyclopedia, patent, tech-
nical solution, master thesis, magister thesis and doctoral thesis.

Text that follows provides examples of certain types of scientific papers
published by the authors of this article, or other authors, some of which were
published in Serbia and some abroad. Ranking and categorisation of scien-
tific papers is done in accordance with ranking of journals and editors, both
domestic and foreign depending on where the work was published.
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Original research paper/article contains results of its own original scien-
tific research. (e.g.: Neducin, D., Cari¢, O., Kubet, V. (2009): Influences of gentri-
fication on identity shift of an urban fragment: A case study, Spatium, 21, 66—75).

Short communication represents preliminary brief display of author’s
original scientific research results. (e.g.: Pieralice, M., Sergio, L., Di Venere,
D., Venediktov, P. (2011): A brief note on thermoluminiscence analysis of photo-
system II and lipid peroxidation during the shelf life of ready-to-use rocket
(Diplotaxis tenuifolia L.), Eur Food Res Technol, 232, 919-923).

Professional paper processes and displays already known data. It re-
quires author’s pragmatic side, but it does not imply research originallity. (e.g.:
Ignjatijevi¢, S. (2011): The influence of Gross Domestic Product and income
on private consumption, Economy — Theory and Practice, 4, 105-110.)

Unlike original research paper, review paper/article does not contain
new research results. In it, the author provides the overview of the latest rese-
arch done by himself/herself as well as by other authors worldwide on a chosen
topic, analyses them, compares and possibly suggests new research courses.
(e.g.: Kubet, V., Cari¢, O., Risti¢, D. (2010): Werkbund Exibitions — Reading
Modernism Today, Architecture and Town Planning, 28, 21-28)

Conference proceedings, unless they represent a review article, contain
new, unpublished results. However, since reports are not reviewed always in
entirety, they are not classified in scientific papers of the same level as papers
published in scientific journals where review is mandatory. The same is true
for posters, as well as for publishing the entire paper or abstract in conference
preceedings or abstracts of papers at scientific conferences. (e.g.: Cari¢, O.,
Neducin, D., Kubet, V. (2009): Cultural Street as a Result of Gentrification.
Conference proceedings, The Eleventh National and the Fifth International
Science Convention Planning, Projecting, Building and Renewal of Civil en-
gineering, iNDIS 2009, Novi Sad, Faculty of Technical Sciences, pp.119-126)

Plenary (introductory) lecture represents an invited lecture. Even though
they are reviews, these lectures contain results of authors original research as
well, so they are usually published, and classified as original scientific papers.
(e.g.: Caric, M., Milanovic, S. 1994: Advances in Kashkaval Cheese Technol-
ogy. Proceedings of the Third California Cheese Symposium, University of
California, Davis, San Francisco, February 14—15, 1994, pp. 1-17).

Scientific monograph represents a publication which independently and
comprehensively elaborates on a given subject from a domain of some scien-
tific area via methodological procedure appropriate to the topic and accepted
in that science. A scientific monograph has to make a valid scientific contribution
(e.g.: Cari¢, M., Milanovi¢, S., 1997: Processed Cheese. Science, Belgrade,
pp. 197).

Scientific monograph of international importance is dedicated to a
theme which is wider than the one of national importance and is published in
one of world languages. Distinguished scientific monograph of interna-
tional importance must deal with a theme which is of utmost scientific inter-
est and represents the top in its area. Publisher of this type of monograph has
to be a recognized international publishing house with a long tradition in
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publishing scientific literature (Ministry of Education and Science) (e.g.:
Cari¢, M. (1994): Concentrated and Dried Dairy Products, VCH Publishers —
Wiley, New York, p. 249).

Chapter in a monograph or thematic almanac is categorised in ac-
cordance with categorisation of the publication itself. (e.g.: Cari¢,M., Akker-
man, C., Milanovi¢, S., Kentish, E.S., Tamime, Y.A. (2009.): Technology of
Evaporators, Membrane Processing and Dryers. Chapter 3. in: Dairy Powders
and Concentrated Products, ed. Wiley-Blackwell, pp. 99-148).

Apart from the aforementioned forms of publishing scientific results,
there are also the following forms of displaying the results of scientific re-
search: research project, encyclopedia, patent, technical solution.

Special types of scientific research which has a specific text organisa-
tion, form and construction are: masters thesis, magister thesis and doc-
toral (PhD) thesis.

CHARACTERISTICS AND CONSTRUCTION
OF AN ORIGINAL SCIENTIFIC PAPER

General characterisitics necessary for a high quality scientific paper,
both in the field of natural and engineering (technical-technological) sciences
as well as in medicinal and social sciences and humanities, are:

* Originality, which is basic and the most important characteristic of every
scientific paper and contains the results of authorial research, thoughts
and interpretations.

* Concise and clear defining and presentation, avoiding the elaboration of
facts that are not directly connected with the research topic. Differentiating
between important and unimportant and deleting the latter from the pa-
per. Avoiding repetition. Avoiding explanation of things that are implied.

» The language of a scientific paper is specific. Its style needs to be clear
and very concise and all the statements need to be documented by facts.
Third person and passive are most commonly used verb forms in scien-
tific texts.

* A good quality scientific work needs to comprise a coherent whole and
the entire text needs to be in function of the basic idea that is the research
theme. The aforementioned means that there is a logical connection
among all parts of the paper.

 All the facts in the paper need to be adequately emphasized according to
their importance.

* Every conclusion or thought present in the paper need to be explained
and supported by evidence. The author must not fall under the influence
of unconfirmed, apparent facts.

In his book The Origin of Scientific Paper M. Samié (Sarajevo 1988)
describes in greater detail the basic characteristics of a high quality paper,
regardless of the field of science elaborated within it.
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There is a general model used for construction of an original scientific
paper, elaborated in detail later in this paper, which can be different in some
details from journal to journal depending on the instructions given to the au-
thors by certain scientific journals.

The value of a scientific paper depends on the category of the journal in
the year in which the paper is published.

According to our current Law on Science (SI. glasnik Republike Srbije,
2005, 2006, 2010, p.1) evaluation of national journals is performed annually
for particular scientific fields by the corresponding Central Scientific Com-
mittee. The proposed list is afterwards accepted by Ministry of Education and
Science and verified by the National Council. Journals are categorised as fol-
lows M51, M52 or M53. International magazines are ranked according to the
ISI publications, Journal Citation Reports, SCI, SSCI (ISI list), and classified
in the following categories M21, M22 or M23. In the process of journals eval-
uation, other ISI lists accepted by Ministry of Education and Science for eve-
ry field and verified by the National Council can be applied as well. In techni-
cal sciences, the corresponding Central Scientific Committee can suggest one
journal outside the ISI list to the category of internationally recognised jour-
nals — M24 for every scientific discipline it is in charge of. In social sciences
and humanities, the corresponding Central Scientific Committee can suggest
two journals outside the ISI list to the category of internationally recognized
journals — M24 for every scientific discilpine that is within its competence.
Suggestions made by the all Central Scientific Committees are accepted by
the Ministry of Education and Science, and the final ranking is verified by the
National Council annually.

Despite measurable, exact standars, such as number of scientific publica-
tions, citation rate, impact factor and h-index, an objective evaluation of the
success of the scientific productivity and quality at social and international
level is a very controversial issue; an interesting discussion on those topics is
presented in the paper by Kastori et al. (2011).

Construction of an original research paper contains the following

elements:

» Title;
Author(s);
Résumé (Abstract);
Keywords;
Introduction,;
Material and methods (Research description);
Results and discussion
Conclusions;
Acknowledgements;
References.

Title. The title of a paper needs to be concise with as less words as pos-
sible (of 12 words maximum acceptable), but also precise and clear in order to
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best represent the essence of the research and the article content. The afore-
mentioned characterisitics of the title of a scientific paper are also significant
because of the Internet classification in international databases. Since they are
mostly title based, a classification into adequate fields and subfields is per-
formed, which enables high-quality search by professionals.

Author(s) In scientific paper writing, should be a team of multiple au-
thors usually participates. A name of the author who gave the highest contri-
bution to the paper realization should be listed as the first author. As a rule,
the remaining authors are listed in descending order with respects to their
contribution to all activities, from the idea, study and literature analysis, to
planning and conducting the research and, finally paper writing. It is abso-
lutely unethical to include the name of the author who did not participate in
the activities of the paper realisation.

Résumé (Abstract). Résumé or Abstract is a short content of the scien-
tific paper. Résumé sets the problem, the paper objective, lists the research
methods and emphasises the most important results and conclusions reached.
Scientific paper résumé usually contains 200 words maximum and is mainly
limited by instructions given to the authors. It is written in the same language
in which the paper is written, but also in English and sometimes in one more
international language. Résumé represents a brief paper outline, thus it is
advisable to write it once the paper is finished.

Keywords. Keywords are listed after the Résumé. They consist of sev-
eral words — notions which need to be chosen so as to suit the content and the
topic of scientific paper and they also need to be present in the text frequently.
Keywords point to the essence of the scientific paper and facilitate easier In-
ternet searches of scientific literature.

Introduction. In the introduction of a scientific paper, it is necessary to
give an overview and explanation of the paper’s theme, and to specify clearly
and concisely the subject and object of the research. Reading the introduction,
it is clear to the reader why that particular issue was chosen as the subject of
scientific research.

Introduction also needs to comprise known and previously established
facts, which are the outcomes of authors own research, as well as the results
of other authors in the country and internationally, pertinent to the research
topic. If the text, which relates to earlier researches of various authors is com-
plex and comprehensive, contains numerous researches, discussions, confron-
tation of opinions and attitudes, it can be extracted from the introduction and
placed under a separate title called ,, Literature Overview*.

Material and Methods (Research Description). In this part of the pa-
per which describes the used material and work methods, applied processes
and means during the course of the research are shown. By doing that, the
possibility of result comparison with other similar researches is ensured as
well as their repetition. If the research methods are widely known, they should
not be described in detail, but their names and literature sources where they
are described should be listed. New methods, but also the modifications intro-
duced into the standard methods should be particularly carefully described. If
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experimental research is in question, the number of experiment repetition
needs to be provided. Both in natural and social sciences, a statistical data
processing is used wherever possible. Software used for data processing
should be cited in the paper.

Research Results and Discussion. Research results are the research es-
sence and the most important part of a scientific paper. Results need to be
representative and well organised. Along with the results, it is necessary to
submit logical explanation of the results. The data, which can be displayed in
graphs or tables, are not repeated in the text. Figures, graphs and tables are only
commented, comparisons and explanations given. In recent papers, useful
conclusions are reached by 3D graph application. As a rule, the results which
are obvious are not explained, but the differences pertinent to the results ob-
tained in similar researches by other authors, national and international, are
discusssed.

Conclusions. Based on the discussion of the obtained results and com-
parison with the results obtained by other authors, new conclusions, findings
and hypothesis are reached. There are general rules for forming conclusions
in scientific paper. It seems that the most expedient and detailed instructions
for conclusion formulation are given by Somodi et al. (2004) in their book
Introduction into the Scientific Method.

The following basic characteristics are considered as necessary parts of
good conclusions:

Conclusions need to be brief, well formulated and clearly explained;

Conclusions need to be based on the data obtained in performed scien-
tific research;

Counterarguments and the possibilities for alternative explanations and
exceptions need to be commented on in conclusions;

The results need to be explained without their repetition and provided
with comparison of other authors’ earlier results;

Within conclusions, one needs to emphasise the scientific contribution of
the performed researches and to describe their possible application — practical
application of research results.

Acknowledgments: Acknowledgements are part of the paper where
gratitude to all the people who enabled or helped the realisation of the de-
scribed research is expresssed. First of all, those are institutions which finan-
cially supported scientific researches, like for example The Ministry of Edu-
cation and Science, Provincial Secreteriat for Science, or international organ-
isations like IPA, TEMPUS, EUREKA and others. Cooperation with other
scientific institutions, industrial or other subjects could be helpfull.

Apart from the previously mentioned, it is also necessary to express grat-
itude to all associates who have aided the paper technically but whose contri-
bution is such that they cannot be listed as co-authors of the paper.

Next to every acknowledgment, its reason must be specified.

References (Literature). Cited literature pertinet to the subject of
scientific research the author deals with, enables the reader to get acquainted
with the state of knowledge in the given research field in the country and the
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world. Every citation needs to be brief, clear and directly assigned from the
author. Only text from published publications of all types can be cited. As a
rule, unpublished results are not used. The rules regarding citing the literature
in the text vary depending on the references of certain journal editors. In in-
ternational scientific journals and the world’s recognized publishing houses,
the most used ways of citing are Harward Reference System and the Latin
style, which have proved to be the most practical ones. Harward Reference
System enables simple perception of citation origin, since in the text, right
after the citation, the author’s name and the year of the publication are listed
inside the brackets. The Latin Citation Style is less encumbering for the text,
since the references are listed in footnotes and it is more precise because the
page from which the citation is taken, even though paraphrased, is specified.

The remaining bibliographic data related to the paper, including the co-
authors’ last names and the initial letters of all the authors’ names, are found
in the reference list at the end of the paper, where all papers have been listed
alphabetically starting from the last name of the primary author or differently
if it was demanded by the publisher of scientific paper. Alphabetical system
avoids confusion regarding ordinal numbers which were earlier often used to
mark the paper in the text and in refernce list at the end of the paper. Namely,
every subsequent text insertion and order change represented a problem and
generated confusion with the numbers.

CONCLUSIONS

Even though there is a wide spectre of research fields and subfields in
science, the construction and technique of writing an original scientific arti-
cle, regardless of the field, is very similar. There is a particular degree of
similarity in the field of natural and engineeering sciences where original
scientific article implies experimental research. There are also general rules
and standards regarding the writing of scientific paper worldwide, which have
constanly been improving and have been subjected to minor changes, most
often for the purpose of simplifying the writing process. Moreover, once a
young scientist accepts and learns the scientific paper template, he/she uses it
at all times for all the researches conducted and published it in our country
and in the well-known journals worldwide, recognising the importance of
continual development of this process.
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KOHCTPYKIMJA U TEXHUKA ITNCABA HAYYUHOI' PAJTA
Y ITPUPOJHUM U MHXEWBEPCKUM HAYKAMA

Mapwujana 'b. Llapuh, Onra C. Hapuh, Onusepa T. Cmueniko
dakynTeT 32 eKOHOMH]Y U HHXKCHEPCKH MEHALIMEHT
VYuusepsurer Ilpuspenna akagemuja y Hosom Cany

IBehapcka 2, 21000 Hosu Can, Cpbuja

PE3UME: V Haynu M HayYHONCTPAXMBAYKOM pajay IMOCTOJH HIMPOK CHEKTap
o0JyacTy 1 1mojj00IacTH KOje HUCY YBEK CTporo pasrpanuueHe. [locroje u paznuyure
kinacudukanuje Hayka. [lyonnkoBaHe cy OpojHe KEUTE 0 HAYYHOHCTPAKMBAYKOM
paxy, 0 BpcTaMa Hay4dHOT pajia ¥ HauMHUMa MyOJIMKOBamba pe3ysiTaTa HayqyHor paja.
Y meljyHapoqHUM HaydYHUM KPYTOBHMA OBa JINTEPATYpa BPJIO je JeTajbHa U MPEIH3Ha
HApOYHTO JUTEPATypa Koja ce THYE MMyOIMKOBamha HAyYHUX KEbUTA U TOKTOPCKHUX JIU-
ceprauuja. Mehytum, jour yBeKk cy IpUCYTHE U3BECHE HEIOYMHUIIE U HEycarlalleHo-
CTH KOje MJIaJIoT Hay4YHHKa MOTYy Jia IOBeAy Y 3a0yHY IPH MUCay OPUTHHATIHOT Ha-
YYHOT pajia. ¥ 0BOM pajy cy, HAKOH KpaTKoOr IIperJiesia pobiieMaTHKe HayYHOT paja,
METOOJIOTHj€ HAayYHUX HCTPAKUBAa M BPCTU HAYYHOT pajia, MpruKa3aHe KapaKTepu-
CTUKE ¥ KOHCTPYKIHja OPUTHHAIHOT HAy9IHOT pana. [Iprka3aHa je TeXHUKa MUCamba
HAy4HOT paJia 3a CBe 00JIaCTH U MOA00JIACTH HayKa, ca MOCEOHUM aKIIEHTOM Ha MPH-
POIHE ¥ MH)KEHhEepCKe HayKe, a y CKJIaly ca CBeTCKUM U AomahuM crangapanma. Hlupa
MPaKTUYHA YIYTCTBA Haja3e ce y LUTUPAHO] JUTEPATHPH, T€ Ce MO MOTPeOH MOry
JIOJATHO KOPUCTHUTH.

KJbYUHE PEUU: meTonosioruja, HayYHOMCTPAXKMUBAUYKU pall, BPCTE HAYyYHOT
pana, KOHCTPYyKIMja ¥ TEXHUKA ITHCaka HAyYHOT pajia, IPUPOIHE HAayKe, NHIKCHEPCKE
HayKe
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INSTRUCTION TO AUTHORS

(www.maticasrpska.org.rs)

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

1. General remarks

1.1. JOURNAL FOR NATURAL SCIENCES (short title: Joun. for Nat.
Scien. Matica Srpska) publishes manuscripts and review articles as well as
brief communications from all scientific fields as referred to in the title of the
journal. Review articles are published only when solicited by the editorial
board of the journal. Manuscripts that have already been published in extenso
or in parts or have been submitted for publication to other journal will not be
accepted. The journal issues two numbers per year.

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

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

2. Planning and preparing of the manuscript

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

2.2. First name, middle initial and last name should be given for all authors
of the manuscript and their institutional affiliations, institution name, and mailing
address. In complex organizations, a full hierarchy should be mentioned (e.g.
University of Novi Sad, Faculty of Sciences — Department of Biology and
Ecology). The institution of employment of each author should be stated below
the author’s name. The position and academic degrees should not be cited. If
there is more than one author, indicate separately institutional affiliation for
each of the authors. Put the name and mailing address (postal or e-mail
address) of the author responsible for correspondence at the bottom of the first
page. If there is more than one author, write the address of only one author,
usually the first one.
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2.3. Structure the text of the original articles into Abstract, Key Words,
Introduction, Material or Methods, or Material and Methods, Results or
Results and Discussion, Discussion, Conclusion, References, Summary and
Key Words in Serbian language, and Acknowledgement (if there is one).
Original articles should not be longer than 10 pages, including the references,
tables, legends, and figures.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

(g) World Wide Web Sites and other electronic sources: Author’s last name,
Author’s initial. (Date of publication or revision). Title, In: source in
Italics, Date of access, Available from: <Available URL>. Use n.d. (no
date) where no publication date is available. Where no author is available,
transfer the organization behind the website or the title to the author
space.

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

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

5.4. The names of the periodicals should be abbreviated according the
instructions in the Bibliographic Guide for Authors and Editors (BIOSIS,
Chemical Abstracts Service, and Engineering Index, Inc.).

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

6. Units, names, abbreviations, and formulas

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

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

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

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

7. Figures

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

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

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

8.2. Number the tables using Arabic numerals.

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

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

9. Electronic copy of the article

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

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

9.3. Authors are entitled to ten reprints.
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VIIVTCTBO AYTOPUMA"

(www.maticasrpska.org.rs)

1. Onre HanomeHe

1.1 36opuuk Marwuiie cpricke 3a npupoaHe Hayke / Matica Srpska Pro-
ceedings for Natural Sciences (ckpahenu Hacnos: Proc. Nat. Sci. Matica Srpska)
00jaBJbyje OpUTMHAJIHE HAYYHE PAZIOBE U MPETJIeIHE YWIaHKE Kao M KpaTka ca-
OIIITEeHha U3 CBUX 00JIaCTH Koje 00yxBaTa Ha3uB 4aconuca. [Iperiennu pamo-
BHU ce 00jaBJbyjy caMO Ha 1Mo3uB penaknuje. Panosu koju cy Beh 00jaBibeHU y
LEJIOCTH WJIH y JISTIOBUMA UJIU Cy MOHYH)eHH JpyroM 4aconucy He Mory OUTH
npuxBahenu. Yaconuc o0jaBibyje ABa Opoja TOAHIILE.

1.2. TIpuxBaTajy ce pyKOIHCH ITICAaH! Ha EHITIECKOM je3HKY. Je3uK Mopa OuTH
WCIIPaBaH y MOIJIeAy IpaMaThKe U CTUJIA. PyKomuc ce 10cTaBiba eIeKTPOHCKOM
MOIITOM Kao TocebaH JIoKkyMeHat Ha aapecy: vnikolic@maticasrpska.org.rs,
y3 00aBe3Hy MOTIHUCAHY HM3jaBy ayTOpa y BE3U ca MPUjaBOM pajia 3a IITaMITy.

1.3. Tlo mpumamy pykommca, aytop he mobutn mudpy cBor paaa, Kojy
Tpeba yBeK HaBOAMTHU Y JaJb0j MPENUCIH. YpeIHUITBo he o6aBecTUTH ayTo-
pa o npucnehy pykomnuca y poky o ceiaM JjaHa, a 0 MUILIJbCHY pelieH3eHaTa
y POKY Of 7iBa Mecela of npujema. CBaku paj ce peleH3upa 1 JEKTOPHIIIE.

2. [Ipunpema pykomnuca

2.1. TexcT paza muiie ce eneKTpOoHCKH Ha cTpanu A4 (21x29,5 cm), ¢ map-
ruHaMa of 2,5 cm, yBIauemheM MPBOT pelia HOBOT Macyca, ¥ pa3MakoM Mehy
penoBuMa 1,5. Tekcr Tpeba mucat y pouty Times New Roman clioBuMa BeJTH-
yuHe 12 a caxeTak, KJby4HE PeUH, PE3UME U MOJHOKHE HAIIOMEHE CI0BUMA
Benuuune 10 pt.

2.2. HaBoze ce ume, Cpelie CI0BO M MPE3UMe CBUX ayTopa pajia Kao u
Ha3WB ycTaHOBe (0e3 ckpaheHuIa) y K0joj Cy ayTOpH 3aroCiIeHH, 3ajeTHO ca
IIyHOM TMOIITAHCKOM aJpecoM. Y CIOXKEHMM OpraHu3allijaMa HaBOJU Ce
yKyIlHa xujepapxuja (Ha npumep: YausepsureT y HoBom Cany, [IpupoaHo-
MaTemMatuuku (axynrer — JlemapTmaH 3a OHOJNIOTHjy M €KOJIOTHjY). MecTo
3a10CIICHa HABOJIH CE HEMOCPEIHO UCIION MMeHa ayTopa. PyHKIHje U 3Batba
ayTopa ce He HaBojle. AKO je ayTopa BHILE, MOpa ce, IOCEOHUM O3HaKama,
HA3HAYUTHU U3 KOj€ O]l HAaBEJICHUX YCTAHOBA IMOTUYE CBAKHU OJ] HABEJCHUX ay-
Topa. KoHTakT afpeca aytopa (MOMITAaHCKA WM €IEKTPOHCKA) Jlaje ce y Hamo-
MEHH IpH AHY IPBE CTPAaHUIE YJaHKa. AKO je ayTopa BHIIE, /1aje Ce caMo
ajzpeca jeTHor, 0OMYHO MPBOT ayTOopa.

2.3. Pykonuc opuruHagIHOT Hay4yHOT paja Tpeda noaenuTH Ha: CaxkeTak,
Kipyune peun, YBon, Marepujan win Meton win Marepujan u meron, Pe-

" OBo ymyTcTBO Baxku ox 2012. ronuHe o 6poja yacomuca 122.
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3yATaTu uiu Pe3ynratu um nucKycuja, I[I/ICKycnja 3akJipyuak, Jluteparypa,
Caxerak u KipyuHe peun Ha CpPIICKOM je3UKY U 3aXBaJIHOCT (YKOJIMKO 3a TO
MocToju NoTpeda). OpUrHHAIHN HAYYHU PAJIOBH HE cMejy OuTu aysxu oxa 10
CTpaHa, yKJbyuyjyhu nuteparypy, Tadbeme, IereHie u CIuKe.

2.4. HacnoB pana Tpeba ma Oyme I/IH(bopMaTI/IBaH, aJIv He TYKH O] IECeT
peun. Y MHTepecy je Jacoluca 1 ayTopa Jia c€ KOpUCTe peyud IpUKIIaHe 3a
WHJICKCUPAhE U MPETPaKUBAE.

2.5. Ayropu Tpeba na gocraBe 1 Tekyhu Hac/oB Koju Tpeba Ja canpku
Tpe3suMe H I/IHI/II_[I/IJaJ'IC IPBOT ayTopa (aKo je ayTopa BUIIIE, IPEOCTATIH CE 03-
HavaBajy ca “et al.”’) u HacioB pana y ckpaheHom O6JII/IKy, HE BHIIIE O] MeT
peun.

2.6. 3a KJby4HE peun Tpeda KOPUCTUTH TEPMHUHE WITH (ppa3e Koje HajooIbe
OIHCYjy CaapkKaj YIaHKa 3a MoTpede MHACKCHpama U MpeTpaxuBama. bpoj
KJby4yHUX peun He Moxe Outu Behu on 10. Tpeba ux HaBecTn abenenHUM
PEIIOM U OJIBOJUTHU 3ape3UMa.

2.7. ATICTpaKT Ha EHIJIECKOM U pe3rMe Ha CPIICKOM Tpeda Ja mpeacTaBiba-
Jy Kpatak WH()OPMATUBHU NPUKA3 YJaHKA. ATICTPAKT y 3aBUCHOCTH O]l 1y-
KuHe yiaHka Tpeba na uma o 100 no 250 peun. Pesume Ha CprickoM je3uKy
Moxe outu 10 1/10 gy>xuHe uiaHka u Tpeda aa caJpKu HACIIOB pajia, UMeHa
ayTopa, Cpelli-e CIIOBO M MPE3NMEHa, Ha3HB U MECTO y KOjUMa Cy ayTOpH 3a-
MIOCJICHU ¥ KJBYyYHE PEYH.

2.8. Iozarke o puHAHCH]CKO]j OMONH, caBeTUMA U IPYTUM BPCTaMa 110-
MohH, YKOJIMKO 32 TO TIOCTOjU MOTpeda, Tpeda HaBeCTH Ha Kpajy paja, oJl Ha-
CJIOBOM 3axBaJIHOCT. Y 3axBallHUIM 32 (puHaHCHjcKY oMoh Tpeba HaBecTH
Ha3WB U OpOj MpOojeKTa, OAHOCHO HAa3WB MporpamMa y OKBHPY KOjer je 4JaHaK
HACTao0, Ka0 M Ha3UB MHCTUTYIIH]E Koja je (pMHaHCUpaa MpojeKaT WK Mpo-
rpaM. Y ciydajy ApyTruX BHI0Ba IOMOhM Tpeba HABECTU UME, CPENIEHE CIIOBO
Y TIpe3uMe, YCTAHOBY M CEIIUIITE JIMIIA Koje je Tpy»kaJjo momoh, a ako je mo-
Moh npy’kaja ycTaHOBa IIyH Ha3UB U aJIpecy.

3. Ilpernennu pag Tpeba aa cagpxku: Ancrpakt, Kibyune peun, 3akiby-
yak, JIutepatypy, kao u Pesume u Kibyune peun Ha cprickoM. [Ipernegnu
panoBu He cMejy OuTh nyxu on 12 cTpaHa, ykibydyjyhu nurepatypy, Tadene,
JIETE€H/JIE U CIIUKE.

4. Kparko caoniiuTeme ce MUIlIe [0 YIyTCTBUMA 33 OpUTHHAJIAH HAY YHH
pan, aimu He cMe j1a Oyze aye of 5 cTpaHa.

5. JIuteparypa
5.1. JIutepaTypHe HaBoze Tpeba CloXUTH abeleAHUM peioM Ha cienehu
HaYuH:

a. Ynanmm u3 yacomnuca: [Ipesume CD, Ilpesume SP (2009): Ha3us pana.
Nwme vaconuca (ckpahenu o6nuk) 135: 122-129.

0. Ilornasspa y kmu3u: [Ipesume ED, [Ipesume AS, Ilpesume, IP (2011):
HacnoB mutupanor nena y ksusn. In: [Ipesume CA, Ilpesume IF (eds.),
Hasus kwure, Boi. 4, U3nasau, ['pan, 224-256.
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B. Kmure: [Ipesume VG, Ilpesume CS (2009): HacnoB nutupane Kmure.
Wznasauy, ['pan.

r. Hucepramuje: Ilpesume VA (2009): Hazus te3e. JlokTopcka nucepra-
nyja, YHuBep3uTer, [ pas.

1. HeoOjaBsrenu pagosu: HaBojp ,,y mrammnu™ Tpeba 1a ce OJHOCH camMo Ha
panose mpuxBaheHe 3a mramiry. Heo0jaBibeHU paoBH: IUTUPATH Kao J1a
ce paau o 00jaBJbEHOM pajy OCUM HITO C€ YMECTO BOJIYyMEHA Yacoruca
u Opoja cTpaHa HaBOJH ,,y IITaMITN .

h. PanmoBu caommTenn Ha HAYyYHUM CKYIIOBHMA INTAMIIAHU Y LEIUHU WIH
y u3Boay: IIpesume FR. (2011): 36opuuk, Hasus ckymna, Opranuzarop
ckyna, Mecrto onpxkaBamwa, [pxasa, 24-29.

e. Enextponcku uzBopu:

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 HaBEeCTH 000jHILY, a y CIy4ajy TPH WIIH
BUIIIEe ayTopa Tpeba HaBECTH MPBOT ayTopa M Ha3HA4YMTH “‘et al.”.

5.3. AKO ce HaBOjAe J1Ba WJIM BHILE PaJ0BA UCTOT WJIM UCTUX ayTopa,
00jaB/bEHUX y UCTOj FOJUHU, IOTPEOHO je Y TEKCTY M CHUCKY JUTepaType
CTaBWTH a, O, 1, UT/I. N3a TOJJMHE 00jaB/bUBAIHA.

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

5.5. Pepepenuie ce He npeBojie Ha je3uk paaa. HaciaoBu nutupanux ao-
Mahux Jacomuca J1ajy ce y OpuruHaiIHoM, ckpaheHom o0nuky. Ako je pede-
pEHIIa HITp. Ha CPIICKOM j€3MKY Ha Kpajy ce cTaBu (Sr).

6. Jenunuie, uMeHa, ckpahenuie u popmye

6.1. Tpeba xopuctutu Sl o3Hake 3a jenunuie (SI Systeme International
d’Un.); u3y3eTHO ce MOTY KOPHCTUTH U JpyTe 3BaHUYHO TpuXxBaheHe jemuHuIIe.

6.2. Ha3zuBe ®UBHX OpraHn3ama Ha JJaTUHCKOM TpeOa ITHUCATH UTaTUKOM.

6.3. Ilpu xopuithewy ckpaheHuna y Tekcry, IyH TepMUH TpeOa HaBECTH
MIPUJIMKOM TIPBOT CLIOMUbakha, a CkpaheHUIly 10JaTu y 3arpau.

6.4. Xemujcke cTpyKTypHE (hopMyIie U CJIOKEHe jeTHaunHe Tpeda Halp-
TaTH U IPUIIPEMUTH 32 GOTOrpadcKy pernpoayKIujy.

7. Unyctpanuje

7.1. 3a numycTpanmje Mory ce KOPUCTUTH LIpHO Oee GpoTorpaduje u mpre-
KU 100pOr KBaJIUTETA.
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7.2. CBaka mirycTpaiyja Tpeda 1a uMa TeKCT (JIETeH1y) Koju o0jarmaBa
cajapikaj mpuiora (UCIoJ CIIUKE).

8. Tabene

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

8.2. Tabene ce o3HauaBajy apanckumM OpojeBUMA.

8.3. Caka Tabena Tpeba na MOYHE HACIOBOM KOjH OOjallllbaBa HbCH
caapikaj (m3Haa Tabere).

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

9. Konnja paga y eneKTpoHCKOj popMu

9.1. TTocnie mpuxBaTama paja noTpedHo je noctaButu CD ca KOHAaYHOM
Bep3ujoM paja. [IpunoxkuTu 1 jeqHy Konujy oAIITaMIIaHOT pajia pajy JIaKIe
TexHU4Ke oopaze. Pykomnuc Tpeba ciatu Ha agpecy: YpeqHumTBo 300pHUKa
Maruue cpricke 3a npupoaHe Hayke, MaTuia cprcka, Yia. MaTuiie cpricke,
21000 HoBu Can. Pykonucu ce masmy y Word dopmary.

9.2. Ilpe ynacka paja y mTaMIly ayTOPUMa C€ JOCTaBJba PyKOITHC 3a KO-
HayHy peBusujy. VcrpaBibame TEKCTa IPUIPEMIBEHOT 3a MITaMITy Tpebda orpa-
HUYUTH HA [ITaMIIApCKe Ipelke. 3HavyajHe mpoMeHe Tekcrta he ce HarmahuBaru.
KopuroBanu TekcT Tpeba BpaTUTH YpenHUIITBY y HajkpaheM Moryhem poky.

9.3. AyTtopu nobujajy 10 6GecruiaTHUX TpUMepaka cenapara.
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