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MAIN MYCOTOXIN CONCERNS IN EUROPE: MYCORED
AND ISM EFFORTS TO HARMONIZE STRATEGIES FOR
THEIR REDUCTION IN FOOD AND FEED CHAIN"

ABSTRACT: There is an urgent need to study in Europe the plant exposure to myco-
toxin risk due to the identification of new toxigenic species, the continuous evolution of
species profile on the food crops and climate changes that influence the quality of level of
toxigenic fungi colonization of plant hosts. In particular, Fusarium and Aspergillus problem
in Europe has enormous importance; recent epidemics in wheat in some areas of Northern
and Central Europe and in grape in southern Europe have brought this problem into focus
again. This concern has driven many efforts at EU level aimed to harmonize strategies for
mycotoxinreduction in food and feed chain. This is the target of a large collaborative project
of four-year duration (MYCORED as acronym), that was approved within the European
FP7- Food, Agriculture, and Biotechnologies Work Programmes (www.mycored.eu).
MYCORED aims to develop strategic solutions for reducing mycotoxin contamination in
major crops. Novel methodologies, efficient handling procedures and information/dissemi-
nation, and educational strategies are considered in a context of multidisciplinary integration
of know-how and technology to reduce mycotoxin exposure worldwide. The direct involve-
ment of ICPC countries (Argentina, Egypt, Russia, South Africa) and international organi-
zations (CIMMYT, IITA) together with strong scientific alliances with international experts
and national and international societies for mycotoxicology is a strong point of the project
through sharing experiences and resources from several past/ongoing mycotoxin projects in
a global context.

Similarly, the International Society for Mycotoxicology (ISM) (http://www.mycotox-
society.org) aims at increasing scientific knowledge concerning biology, chemistry and any
sciences/disciplines related to mycotoxins and toxigenic fungi, through membership net-
working, scientific meetings, symposia, discussions, technical courses and publications.

In this context, it would be extremely important that MYCORED and ISM develop a
network of cooperation-interaction with the whole scientific community in order to contrib-
ute to the efforts for harmonizing both research and legislation on mycotoxins.

KEY WORDS: 4spergillus, Fusarium, ISM, mycotoxin reduction, MYCORED
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INTRODUCTION

Mycotoxins (Bennett etal., 2003) are secondary metabolites produced
by toxigenic fungi that contaminate food, feed chain, and represent a risk for
human and animal health. They are responsible for many different toxic ef-
fects including the induction of cancer, and digestive, blood, kidney and nerve
defects. The mycotoxin problem is particularly relevant for human health in
tropical areas, such as Sub-Saharan Africa, where crops are quite susceptible
to contamination by the carcinogenic aflatoxins and fumonisins. Research is
making strong efforts to improve knowledge and reduction of mycotoxin con-
tamination. Mycotoxin reduction targets have been identified by some interna-
tional food organizations (e.g. FAO, CIMMYT, EFSA, IITA, SAFE consorti-
um), EU reports and relevant food industry representatives (Van Egmond
etal, 2007; Pineiro, 2004).

In Europe, the main concern is related to Fusarium and Aspergillus dis-
eases that have assumed a great relevance for both health and economical
implications focused by the recent epidemics in wheat in some area of North-
ern and Central Europe and in grape in Southern Europe (Battilani etal.,
2006; Magan, 2006; Logrieco,2001; Logrieco etal., 2002).

The MYCORED is a large collaborative project of four-year duration that
has been approved within the European FP7- Food, Agriculture and Biotech-
nologies Work Programmes; it aims to develop novel and strategic solutions
for reducing both pre- and post-harvest contamination in selected feed and
food chains (Table 1).

Novel methodologies, efficient handling procedures and information,
dissemination and educational strategies are considered in a context of multi-
disciplinary integration of know-how and technology to reduce mycotoxins
exposure worldwide.

MYCOTOXINS

Within the project, the knowledge and reduction of aflatoxins, trichothecenes,
fumonisins, and ochratoxin A have been considered the most relevant issue to
be addressed (Fig. 1).

Aflatoxin B1 is produced by many species of Aspergillus, most notably
A. flavus and A. parasiticus; it is a proven carcinogen for humans (Casteg-
naro and Wild, 1995), immunotoxic, and it causes stunted growth in children
and growth retardation in animals. High-level of aflatoxin exposure produces
acute hepatic necrosis and later it can result in cirrhosis, and/or carcinoma of
the liver.

Fumonisins are reported as neurotoxic and possible carcinogens and are
associated with several mycotoxicoses, including equine leukoencephaloma-
lacia, porcine pulmonary edema, and experimental kidney and liver cancer in
rats (Howard etal., 2001).



Trichothecenes are immunotoxic compounds produced by various species
of Fusarium; they act as potent protein synthesis inhibitors and cause multiorgan
effects including emesis and diarrhea, weight loss, nervous disorders, cardiovas-
cular alterations, immunodepression, hemostatic derangements, skin toxicity,
decreased reproductive capacity, and bone marrow damage (U e n o, 1989).

Ochratoxin A, a toxin produced by A. ochraceus, A. carbonarius and
Penicillium verrucosum, is one of the most abundant food-contaminating my-
cotoxin in the world. It is a nephrotoxin (Jung and End ou, 1989), possibly
carcinogenic for humans and associated to Balkan Endemic Nephropathy
(JECFA, 2001).

It is also expected that combination of mycotoxins would have at least an
additive, if not synergistic relevant effect. These toxins are the primary sources
of both yield losses and increase of management costs worldwide.

Main food chains affected by mycotoxins

Wheat and maize have the major mycotoxin safety concerns worldwide.
The research on wheat has been much more intensive, while Maize is being
treated from a toxicologically point of view as significant as wheat too. The
primary mycotoxins that contaminate maize are trichothecenes, zearalenone
and ochratoxin A, while maize is mainly contaminated by fumonisins and
aflatoxins. Fusarium head blight (FHB) is one of the most serious diseases
affecting wheat and barley worldwide and it is associated with the infection
of several Fusarium species (most frequently F. graminearum, F. culmorum,
F. avenaceum, F. poae) (Bottalico and Perrone, 2002). Though the
disease results in reduced seed quality and yield, the most serious problem
related to this disease is the mycotoxin contamination of the harvest.

Fusarium ear rot (Fig.2) is diseases that affects maize and render stored
grain unsuitable for human and livestock consumption. Its primary causal agent
is F. verticillioides (W hite, 1999), but F. subglutinans and F. proliferatum
are also associated with the disease that can result in mycotoxin contamina-
tion of maize grain.

Although in Europe there are no data on the economic costs of mycotoxins,
in Hungary the direct and indirect losses were estimated in a wheat epidemic
(1998) to 100 million Euro. In the United States alone, the mean economic
annual costs of farmer gate cereal crop losses due to aflatoxins, fumonisins
and trichothecenes are estimated to be $ 932 million (CAST report, 2003).

Grape and wine — Ochratoxin A addresses especially raisin, sultanas, and
the grape-wine chain. The main ochratoxigenic species isolated from grapes
are A. carbonarius and Aspergillus species belonging to the Nigri section
(Astoreca etal., 2010).

Grapes and their processed products are very important in Europe where
about 47% of worlds vineyards (4.8 million of ha) are found and 75% of the
world’s wine (190 million of hl is produced). Data on the economic impact of
ochratoxin A in grapes and wine are not available or are not in the public do-
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main because their release could cause a collapse in the wine market, which
is a high value product but not considered as essential.

Dried fruits and nuts present high risk for aflatoxin contamination,
with high social and economic impacts resulting from stringent EU limits. A
study carried out by the JECFA/WHO (Codex Alimentarius Commission,
April 2007, CX/CF 071/9) estimated that the effect of applying to “ready-to-
eat” almonds, hazelnuts, and pistachios the EU limits for aflatoxins (4 ppb)
has an economic impact on rejection of about 9 million Euros worldwide.

MYCORED PROJECT

The project prefigures the participation of 26 beneficiaries worldwide. It
has been developed on the outcome of several European projects on mycotox-
ins by supporting, stimulating, and facilitating education and cooperation
with countries having major mycotoxin concerns related to international trade
and human health. The direct involvement of ICPC countries (Argentina,
Egypt, Russia, South Africa) and international organizations (FAO, CIM-
MYT, and IITA) with focus on developing countries in Africa, South-Central
America, and Asia together with Strategic Alliances with major public re-
search institutions in the United States (three USDA Centers and four Univer-
sities), Australia, South Africa and Malaysia, strengthen the value of the
project through sharing experiences and resources coming from a number of
past and ongoing mycotoxin projects at a global level.

An External Advisory Board, composed of scientists from concerned
disciplines and related initiatives, industrialists of the agrifood sector, food
regulatory bodies and representatives of European Technology Platform (ETP)
Food for Life, is vital for the technical discussion of the whole consortium,
providing an external perspective on the project, advise the consortium issues
of knowledge transfer and exploitation, recommend effective actions to reach
the goals of the project.

Work Programme

The work programme is organized in 10 work packages (WP), each one
with specific targets and objectives, defined by deliverables and milestones
that focus on the pre-harvest and post-harvest phases of the food and feed
chains (Fig. 3).

WPI: Optimization of plant resistance and fungicide use with the aim to
promote the mycotoxin resistance cultivar/genotype registration at European level,
to improve knowledge in plant-host interaction and using fungicides in a ration-
ale way for prevention and reduction of mycotoxins in maize and in wheat;

WP2: Biocontrol reducing mycotoxins in cropping systems with the aim
to prevent pre-harvest mycotoxin accumulation in crops by using antagonist
microorganisms towards mycotoxin producing fungi;
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WP3: Modelling and development of Decision Support System with the
aim to predict mycotoxin risk levels at real time associated with different
crops in different geographic areas and years and generating data for good
risk management and rationalise products logistics post-harvest;

WP4: Novel post-harvest and storage handling practices with the aim to
develop innovative and novel strategies for reducing mycotoxins by post-har-
vest and storage handling;

WPS5: Novel application of food processing technologies with the aim
to develop innovative and novel strategies for reducing mycotoxins in food
processing;

WP6: Advanced technology for diagnostics, quantitative detection and
novel approaches to control toxigenic fungi with the aim to detect and quan-
tify toxigenic fungi and to generate new information and novel systems to
control and reduce mycotoxin biosynthesis in food commodities;

WP7: Advanced analytical tools for rapid multi-toxins detection of my-
cotoxins and relevant biomarkers with the aim to perform the analyses re-
quired in WPI1-6 including metabolite profiling of certain wheat and maize
plants, the selection of suitable biomarkers and to improve the performance of
quantitative methods of with respect to speed and accuracy as a basis for the
reduction of mycotoxins in food and feed chain;

WP8: Information, education & dissemination with the aim of promoting
the use of MYCORED solutions and of increasing know-how and awareness;

WP9: General management with the aim of effectively co-ordinating
vertical and horizontal activities;

WP10: Demonstrating the creation of an ambient intelligence (Aml),
strategies post-harvest and the collection of physical parameters;

A global effort

A range of multidisciplinary activities, including plant pathology, mycol-
ogy, chemistry, biology, food/feed technology, physics, is required for a collabo-
rative effort across the EU, various ICPC countries, international organization,
and solid alliances bringing together expertise and resources from several actors
in order to build up a solid framework for collaboration.

MycoRedconsortium brings together the experience of strategic institu-
tions for mycotoxin research from countries in which mycotoxin food/feed
contamination has a major direct importance on human and animal health as
well as in the economy. Nine different EU countries (Italy, France, Germany,
UK, Spain, Austria, Denmark, The Netherlands, Hungary) plus Turkey and
Russia are presented in the project, an example of the mobilisation of the re-
sources of several countries in a coordinated way, thus contributing to the
“European Research Area” concept. In an attempt to gather enough critical
mass and expertise, the project consortium is also composed of five interna-
tional organizations (CIMMYT, IITA, FAO and INC), one technological re-
search centre from Egypt and one university from Argentina, four companies
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and a consistent number of strategic alliances. Finally an External Advisory
Board and Users Club are also devised to broaden this point of contact with
agrofood/feed companies and other related actors fostering a two ways dialog,
in order to keep the project application oriented.

A multidisciplinary effort, food/feed companies, bio and chemical and
electronic and microsystems oriented research institutes and companies, can
be identified within the consortium.

Expected impact

The main targets pointed by MYCORED will have direct impact on the
health of European citizens and animals at global level, on the safety of raw
materials and final products in the food and feed chain, on the economy of
agro-food industry and rural areas, through the improvement of the commu-
nication, information and education of consumers and agro-food chain opera-
tors.

Through the objective-driven approach of this project, a strong potential
socio-economic impact will be addressed through the significant reduction of
mycotoxin contamination in food and feed chain in Europe and for some tar-
gets worldwide.

A significant decrease of the number of acute and chronic pathologies in
Europe and in ICPC Countries due to the consumption of mycotoxin-contam-
inated products will have a direct effect on the reduction of the economic costs
for the human and animal health care systems.

A decrease of the costs of rejection of contaminated row materials (espe-
cially dried fruits and cereals) and products will have a positive impact for
farmers, food/feed producers and retailers. Over the past year, mycotoxin
regulations in the European Union continued to rapidly change: failure to
comply with the latest standards can have major repercussions for exporters
and importers, ranging from costly retesting and reprocessing to impounded
or rejected shipments.

An economical saving will be achieved by improving the capability of
reducing safety problems due to mycotoxin contamination starting from an early
stage in the production chain (pre-, post- harvest and processing).

The application of various very innovative technical solutions proposed
in MycoRedwill increase the safety of feed and foodstuff through a full and
effective interconnection and communication of sensing systems and decision
making bodies, advancing the corrective actions for a better storage/shipment
and production process.

The establishment of new opportunities for the industry to use the research
results will increase the European Agrofood industries competitiveness.

Promotion of new Spin-off SMEs in Europe and ICPC countries will
look at the agrofood application markets as a huge potential business area.
Training activities carried out under MycoRed will help in satisfying the new
demands of skilled employees in food safety.
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Users

MYCORED aims to increase mycotoxin awareness in five users com-
munities: for consumers, increasing food safety for humans and feed safety for
animals; for agro-food producers, providing tools useful in pre- and post-harvest
solutions to mitigate mycotoxin in plant products and in the subsequent food/
feed chains; for food/feed industries, reducing mycotoxin contamination by
improved handling procedures during storage and processing, (bio)control
measures against toxigenic fungi and apply new detection kits; for policy
makers and legislators, providing information and know-how for evaluating
mycotoxin risks, including possible outcomes of climate change and increased
international trade; for the scientific community, increasing advanced knowl-
edge on mycotoxins improving global communication, international network-
ing and dissemination of innovative research results.

CONCLUSION AND PERSPECTIVES

MycoRed will have a huge economic impact both for the Agrofood inter-
national community (farmers, animal and plant breeders, etc.) as well as for
European agro-food industries even if there are still no European financial
analyses quantifying the improvements that strategies proposed by MycoRed
can provide in mycotoxins reduction. It is the aim of MycoRed project to col-
laborate by carrying out a study for identifying further areas on which new
technologies and improved handling solutions will have more safety and eco-
nomic impact.

These objectives require the development of a severe effective control
system that evaluate compliance in food safety and quality, animal health,
animal welfare, animal nutrition and plant health sectors with EU standards
and within the EU and Third Countries in relation to their exports to the EU.
They will be developed through relations with European Food Safety Author-
ity (EFSA) and international relation between Third Countries and the institu-
tion involved in MycoRed project.
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Tab 1. — List of plants and related mycotoxins selected for this project

Plant Chain Toxin Fungal genera
Maize Foodffeed |\ e |dspereiths
Wheat Foodled | Gubtoin & | Pensediu
gggl?lfiing raisins and sultans) Food* Ochratoxin A Aspergillus
(Df’rf-:I:Su]:S éitzs, pistachios, almonds) Food Aflatoxins Aspergillus

* wine
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3HAUAJ] MUKOTOKCHHA V¥ EBPOIIN: VJIOTA
MYCORED-A U ISM-A YV YCKIIABDUBABY CTPATEI'MJA
PEJJYKIIMJE MUKOTOKCHHA Y JIAHITY UCXPAHE

Opanvecka Qanenu u AuTonno dOpanuecko Jlorpueko

Hayurn nHCTHTYT 32 Tpon3BoAmy xpane (ISPA),
Hannonaman uctpaxusauku caBeT (CNR)
V. I. Amengona 122/0, 70125 bapu, Uranuja

Pe3ume

VY EBponu ce mojaBuiia mpeka norpeda 3a u3ydaBameM U IMpahembeM H3JI0Ke-
HOCTH OMJbaKa PU3UKY Ol KOHTAMUHAIIM]€ MUKOTOCKHHUMA 300T 110jaBE HOBUX TOKCHU-
TeHHUX BPCTa TUICCHH, KOHCTAaHTHE TPOMEHE HhHUXOBOT Mpoduiia y yCeBUMa U yTHIIaja
KJIMMaTCKUX IIPOMEHA Ha HUBO KOJIOHHM3alMje OnJbaka IJIeCHUMa. Y CKOpHje Bpeme
M3Y3€THO BeNMKe npobneme Cy usaspaine Fusarium v Aspergillus spcre y Esponu, rae
CKOpalllia enuIeM1ja Ha MIIEeHULU y HeKuM JentoBuma Cesepre u Llentpanne EBporne
u Ha rpoxly y JyxxHoj EBponnt yka3yjy Ha oBy npoOiiemaruky. Ha HEUBOY Esporicke
yHHje yllaxKy ce BeJIMKH HaIllopH Ka pellaBarby Ipo0iieMa Be3aHUX 3a PeAYKIH]y MUKO-
ToKcHHa (Mycotoxinreduction) y manimy ncxpane. OBO je yjeIHO U [IUJb BEIUKE capal-
e y OKBUPY YeTBoporonumimer rnpojekra, MYCORED kao akponum, Koju je 0100peH
oz ctpaHe eBponckor FP7 — | Xpana, [TosbonpuBpena u buorexnosoruje” pagHor mpo-
rpama (Wwww.mycored.eu).

MYCORED unma Hamepy Ja pa3BHje CTpaTeTHjCKa pelliekha 3a CMamkeHhe KOHTA-
MuHanyje Behune yceBa MukoTokcuHuMa. HoBe Merononoruje, ehpukacHo ynpasJsba-
e IpollecuMa, nHpopMaIijaMa / TMCUMUHAIM]a [T0JIaTaKa U CTpaTeruje 00pa3oBama
ce U3y4aBajy y KOHTEKCTY MYJITUAUCLUIIIIMHAPHE UHTErPallije UCKYCTBA U TEXHOJIO-
rHje, y IIHJbY CMambeHha U3JI0KCHOCTH MUKOTOKCHHIMA LITUPOM cBeTa. JlupekraH aHra-
xMmaH ICPC 3emasba (Aprentuna, Erunar, Pycuja u Jyxna Adpuka) u nHTepHAINO-
HaiHuX opranm3anuja (CIMMYT, IITA), 3ajeqHo ca CHa)KHOM HayYHOM TIOJIPIIKOM
HWHTEPHAIIMOHAJIHUX €KCIepaTa U HHTEPHALIMOHAIHUX YAPYKeHha 38 MUKOTOKCHKOJIO-
r'Hjy, Je OCJIOHAIl OBOT IIPOjEKTa jep JI0JIa3u JI0 pa3MEeHE UCKYCTaBa U cpejicTaBa J00u-
JEHUX y OKBHUPY 3aBpIICHUX U aKTYEIHHX MpOojeKaTa Ha II100aJTHOM HHUBOY.

Nurepraunonanno yapyxkeme 3a Mukorokcukonorujy (ISM) (http:/www.
mycotox-society.org), CIMYHO Kao ¥ HaBEJCHU IIPOjeKTH, UMa 3a II1Jb noBehamwe Hayy-
HUX Ca3zHamba U3 OMOJIOTHje, XeMHUje U IPYTUX HayYHUX JUCIUIUIMHA KOje Cy Be3aHe ’
32 MUKOTOKCHHE U TOKCUT€HE IUIECHH, ITyTeM yMpPekKaBamba YIaHOBa, HAYYHHUX CKYTIO-
Ba, CHMITO3HjyMa, JTUCKYCHja, CTPYYHHX KypceBa u myOinuKamnuja.

VY ckiany ca rocaji HaBeJeHUM, of u3y3eTHe je BaxkHocTu 1a MYCORED u ISM
pasBUjy MpeXy capalllbe-HHTEePAKIHje ca IETOKYITHOM HAyYHOM 33jeIHULIOM Y [IUIBY
yckiiahiBama UCTpakMBaba U 3aKOHOAABCTBA BE3aHUX 32 MUKOTOCKHHE.

KIJbYYUYHE PEYU: Aspergillus, Fusarium, ISM, MYCORED, penykiiuja Muko-
TOKCHHA
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DETERMINATION OF THE SPECIES AMONG
MITIS GROUP OF GENUS STREPTOCOCCUS
USING A MOLECULAR IDENTIFICATION KEY

ABSTRACT: We analyzed the gene order conservation among the species of genus
Streptococcus and based on this we developed a molecular identification key. The identifi-
cation key was not made up based on the genes’ amino acid or nucleotide sequences but on
the gene order of certain genome parts, and in this order the genes were marked with their
symbols. First, we created a key to determine the groups within the genus Streprococcus
using conserved synteny blocks in genomes. According to this, within those species that
have a fully known genome sequence, the mitis group can be divided into two subgroups:
mitis [ where (S. pneumoniae, S mitis and S. oralis) and mitis II (S. gordonii, S. sanguinis
and S. parasanguinis). Then we made an identification key to determine the species within
the mitis subgroups. For determination of the species we chose genome parts which contain
such a gene that is found in all species but the genome parts around this special gene are
different in various species. Three genome parts were sufficient to determine the species
correctly. These sequences were around the following genes: Xaa-pro dipeptidyl-peptidase
(x-prolyl-dipeptidyl aminopeptidase) — pepX, a leucyl-tRNA synthetase — leuS and a 50S ri-
bosomal protein L13 and 30S ribosomal protein S9 — rp/M and rps/ (these are always found
beside one another).

KEY WORDS: bacterial systematic, genus Streptococcus, molecular identification key,
the mitis group

INTRODUCTION

The members of the genus Streptococcus are clinically important species
and these organisms are often isolated from human clinical specimens (Ton g
et al., 2003). They are subdivided into six major clusters or species groups: the
mltlS anginosus, salivarius, mutans, bovis, and pyogenic groups (Kawa-
mura etal, 1995). Within these clusters, the mitis group contained Strepto-
coccus pneumoniae, an important human pathogen and most closely related
oral streptococcal species Streptococcus mitis and Streptococcus oralis. The
members of this group are difficult to identify correctly. They show 40%—60%

* Corresponding author: I$tvan Kanjo — e-mail: lkanyo@stcable.net
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DNA-DNA similarity values with each other and clinical strains strongly hy-
bridized to both S. mitis and S. oralis and sometimes to S. pneumoniae, which
led to misidentification (Arbique et al.,, 2003). The 16S rRNS gene se-
quence analysis, although the most recent global prokaryotic classification is
primarily based on it, cannot differentiate exactly these species, because some
of them share greater then 95% 16S rRNS sequence homology (Rosello -
-Mor a, 2005). Recently, a new method, multilocus sequence analysis (MLSA)
is being used in identification of bacterial species and strains (Baldwin et
al., 2005; Bishop etal., 2009). However, the taxonomy of this group is still
problematic.

Since 1995, when the first sequence of an entire bacterial genome that of
Haemophilus influenzae Rd. was published, the total number of publicly avail-
able genome sequence has grown rapidly (Coenye etal., 2005). The analyses
of sequenced bacterial genomes show that the level of gene order conservation
is high when organisms are phylogenetically closely related, but conservation
is lost rapidly. Only a few operons, typically coding for physically interacting
proteins, are conserved in all or most of the genomes (Tamames, 2001).

Here we report a new approach in microbial systematic based on the gene
order of bacterial genomes. Analyzing the genomes we tried to find such genome
parts that we could use to separate the groups within the genus Streptococcus.
Then, to identify the species we searched for those fragments which are unique
for one species. Due to the importance of the mitis group of Streptococcus,
and also to the difficulties with the species identification, first we constructed
the molecular identification key for this group. The key allows the correct iden-
tification of these species.

MATERIALS AND METHODS

The genomic sequences and sequence annotation for 11 Streptococcus
species, (among them 6 species belonging to mitis group) which were published
at the time of this study (September 2011), were obtained from NCBI’s FTP site
at http:/www.ncbi.nlm.nih.gov/Genomes.

The sequences of the proteins encoded in complete genomes were ex-
tracted from the Genome division of the Entrez retrieval system. Protein ho-
mologous was detected by BLAST similarity searches (Altschule et al,
1997). For two proteins to be considered as homologous, their sequence identity
must be at least 75%, and the expected value (E-value) must be less then 10~

The genome comparison and synteny block determination was made by
SynteBase/SynteView (Lemoine et al., 2008) and by Microbe browser
(Gattiker etal., 2009). SynteBase/SynteView is available at http:/www.
synteview.u-psud.fr and the Microbe browser at http:/microbe.vital-it.ch/. Com-
parison of protein homologous is also performed by Microbe browser, too.
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RESULTS AND DISCUSSION

The mitis group currently includes the important pathogen S. pneumo-
niae and 12 other species, S. australis, S. cristatus (formerly S. crista), S.
gordonii, S. infantis, S. mitis, S. oligofermentans, S. oralis, S. parasanguinis
(formerly S. parasanguis), S. peroris, S. pseudopneumoniae, S. sanguinis (for-
merly S. sanguis), and S. sinensis. Out of these there is a full genome sequence
of 6 species on the NCBI'’s FTP site: S. pneumoniae, S. mitis, S. oralis, S. gor-
donii, S. sanguinis and S. parasanguinis. In case of S. pneumoniae the com-
plete genome of many strains is sequenced, so we chose a reference strain
according to the literature and we used that in the comparisons. In case of S.
pneumoniae it is the strain R6.

The comparison analysis of the eukaryotic and prokaryotic genomes has
shown that the gene order of certain genes is more or less the same of each
species of the genus (Larkin et al., 2009). Using this we formed an identifi-
cation key which follows the classical identifications but it contains molecular
features. The characters we used for forming the key have not the DNA or
protein sequences of the genes but their symbols. These are most likely sym-
bols of 3 or 4 characters. As it happened that the same gene had several dif-
ferent symbols, we chose the one that is used for the given gene in the E. coli to
be the referring one. For indicating the malolactic enzyme (NAD-dependent
malic enzyme, EC 1.1.1.38) at the S. sanguinis the symbol m/eS is used; in the
E. coli this gene is indicated with the symbol of sfcA, so we also used this one.
If there was no an adequate symbol in E. coli for a certain gene, we used the
original symbol that was given with that species.

In the genomes there are many genes whose function is unknown and
therefore there is no symbol for such a gene. Those unknown genes whose
sequence is the same in all the species (they probably code the same protein)
were identified in the key with the number of the amino acids of the protein
coded by the gene (in case of the S. pneumoniae it is the number that shows
how much amino acid the protein has in the strain R6). To check and prove
that it was the same gene a comparison of the protein sequences was per-
formed using the BLASTP program. Those genes that code various proteins
in various species and they were not present at each species, were marked
with x. 0-3x in the key means that in certain species there is no other gene
between two identical genes, while in other species there could be 1, 2, or 3
genes as well. If a gene (known or unknown) is in parentheses it means that it
is not present in all the species of the given group.

Developing the identification key we had the hypothesis that in certain
species the genes were in a certain order. Accordingly, a species was deter-
mined by the order of its genes in genome. Similar species (that belong to the
same genus) also contained such genome parts where the order of the genes was
the same. Since there are 6 groups within the Streptococcus genus differentiated
due to morphological, physiological, biochemical, and other characteristics, it
was presumed that these differences were also present on the genome level.
The analysis of the genomes showed that there were such synteny blocks whose
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order of the genes was characteristic only to one or the other Streptococcus
group. Based on this result we constructed a key that identified which group
a species belonged to if we know its genome.

The identification key for determining the groups within the Streptococ-
cus genus:

Genus Streptococcus

la 1: murD murG ftsQ ftsA ftsZ ylmE ylmF (ylmG) ylmH DivIVA
(0-1x) ileS
2: iscS-2 thil (2-4x) rplU (0-1x) rpmA . ....... ... ... 2
1b 1: murD murG ftsQ inone locus and ftsZ ylmE ylmF (ylmG) ylmH
DivIVA (0-1x) ileS in another one
2: iscS-2 thil inone and rplU x rpmA in anotherlocus...........
................ mitis group 1. (S. pneumoniae, S. mitis, S. oralis)
nrdD (0-1x) 519 (0-5x) 101 139 89 (0-3x) spxA recA
gidB (0-4x) lemA htpX ...... ... ... i 3
nrdD and recA are not near each other
gidB lemA inone and htpX in another locus . . . . salivarius group,
S. suis
folC folE folP folB folK murB potA potB potC potD
clpX 56 folA thyA mvaS mvaA ............. ... ... ........
.................... pyogenic group, mutans group, bovis group
3b 1: murB potA potB potC potD
2: clpX (0-1x) folA thyA in one and mvaS mvaA in another locus . .
....... mitis group 11 (S. gordonii, S. sanguinis, S. parasanguinis)

2a.
2b.

N

3a

N =

From the representatives of the anginosus group we had no genome se-
quence available therefore this group was not included in the key. The S. suis
is not in any of the groups according to literature so it was separately defined
(Kawamura etal., 1995).

The mitis group was divided into two subgroups here. The reason for this
was the great difference between the genomes of the two groups. The repre-
sentatives of the mitis group I had a very different gene sequence from the
sequences of all other Streptococcus species; therefore we had to separate this
group. These results were equal with the measured level of 16S rRNS se-
quence homology among the Streptococcus species (Kawamura et al,
1995). Those species which belong to the mitis group I according to the gene
order found in the synteny blocks exhibited more than 99% 16S rRNS se-
quence homology with each other, while between the members of the mitis
group I and II the sequence homology was less then 98%.

For the accurate determination of the species we chose 3 genome parts
taking into consideration the following:

1. If possible, there should be a great difference in gene order in these parts
of genomes among the species and

2. The parts should contain such a gene which was found in almost all the
other species.
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Three parts were sufficient enough to determine a species with full ac-
curacy. The three genes selected were the following:
1. Xaa-pro dipeptidyl-peptidase (x-prolyl-dipeptidyl aminopeptidase, EC =
3.4.14.11) — pepX
2. leucyl-tRNA synthetase (EC=6.1.1.4) — leuS
3. 50S ribosomal protein L13 and 30S ribosomal protein S9 — rpIM rpsl
(these are always one beside the other)

Although the full genome of many strain in the S. pneumoniae species is
known, there are still minor differences among them. Certain genes are not
found in the genomes of every strain. These genes, which appear in certain
strain only, were put in parentheses in the key.

Below is the species identification key for mitis groups.

Species identification: Mitis group I
Streptococcus pneumoniae

1. hsdM hsdS hsdR (66) argR pepX dnaE pfkA pykF (85) 290 (127)
(55 62) 103 238 271

2. chbA chbB chbC pflF talC gldA leuS (280) 232 139 ruvB 191 uppS
cdsA eep proS bglA glmS

3. folP sulB folE sulD 123 rpIM rpsl (0-10x) (121 bglA 79 113 bglG
104 168 448) 58 xylS basA hysA kdgA kdgK

Streptococcus mitis

1. dnaG rpoD 109 cpoA 441 58 44 obg 52 argR pepX 4138 dnaE
pfkA pykF ldh gyrA srtA

2. rpoA rplQ 119 445 498 gpmB leuS 288 280 151 139 231 138 tnpC
30 30 ruvB 187 tnpC tnpA uppS cdsA epp pros 459 glmS

3. 257 264 89 406 rpsl rpIM tnpA natB natA pheT 124 pheS

Streptococcus oralis

1. dnaG rpoD 109 cpoA 441 62 44 obg 54 argR pepX dnaE pfkA
pykF murA 183 425 map

2. glmS 137 bglA proS eep cdsA uppS 194 ruvB 138 231 leuS 346
363 sfuB 233 445 88 rplQ rpoA

3. pheS pheT 317 399 rpIM rpsl 315 54 170 amiA aliB cysQ cps4A
cpsB cps4C cpsdD cpsE

Species identification: Mitis group II
Streptococcus gordonii

1. rim]J gep 231 110 248 222 246 391 180 586 119 135 pepX 283 426
cppA 311 mvk mvaD mvaK?2

2 deoR 321 chbA chbB chbC pflF talc gldA 187 leuS 90 119 498 203
202 210 210 204 210 adhB
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3. cysS 134 lrp 376 615 320 trmH 214 degV rpIM rpsl 384 172 93
279 110 64 cadD

Streptococcus sanguinis

1. ubiE 245 391 164 ugpQ 99 125 pepX 301 427 cppA 311 mvk mvaD
mvaK?2

2. deoR 159 chbA chbB chbC pflF talC gldA 187 leuS 381 275 324
85 34 cynR 116 sfcA

3. cysS 134 Irp 376 582 320 trmH 173 degV rpIM rpsl 73 202 78 131
92 copA cadD

Streptococcus parasanguinis

1. gla 390 IrgA IrgB 99 524 dnaQ 164 pepX cppA 320 mvk mvaD
mvaK?2

2. deoR 322 chbA chbB chbC pflF talC gldA dacA aliA leuS 137
pdxH 277 254 149 284 242 proW pdxT bglA glmS

3. cysS 132 Irp 376 malL 1073 320 rlmB 170 287 rpIM rpsl int 87
195 204 249 104 104 176 642 arsR

As it is seen from the key, the gene sequence of the S. mitis and S. oralis
within the mitis group I is very similar. This is in correspondence with the
earlier observations that the two species are difficult to distinguish from each
other due to a high degree of similarity (Bishop et al., 2009). There was a big-
ger difference between these two and the S. pneumoniae. In the first section
(the surrounding the pepX gene) from dnaG to pykF the sequence was almost
identical between the two genomes and after the pykF they showed an impor-
tant difference. In the surrounding of the /euS gene there was only a slight dif-
ference between S. mitis and S. oralis, but the sequence from leusS to gluS was
the same as in the S. pneumoniae. In the third section, the part after the rps/
gene was completely different between S. oralis and S. mitis. Such a big simi-
larity among the genomes made it necessary to use three gene sequences in
order to determine a species accurately.

The chosen genome parts were completely different between mitis group
IT and the mitis group I. In the mitis group II there was a similarity between
the gene sequences of the S. gordonii and S. sanguinis (around the rpIM and
rpsl genes, and also in the sections between leusS and pfIC, and from pepX
to mvaD). However, using three parts it was possible to determine the species
with accuracy. The S. parasanguinis showed greater difference from the ge-
nome of the previous two species.

CONCLUSION

The full genome sequences in the database made it possible to develop
such an identification key that allowed easier identification of the bacterium
isolates. The methods used so far cannot give an unambiguous classification for
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the bacterial systems (Konstantinidis and Tiedje, 2007). Presently,
the most accepted method is the identification based on 16S RNA. However,
on the level of the species, when the sequence homology of the 16S RNA is
above 95%, misclassification often occurs (K u n in, 2005). Using this identi-
fication key, with having the surrounding of three genes (pepX, leuS and rp/M)
given, makes it possible to accurately determine a species. Its disadvantage is
that, in order to function, it needs a full genome sequence or genome parts with
many genes but presently it is possible only for about 1000 species. The number
of completely sequenced genomes is increasing day by day and it is only the
question of time when we will have the full genome sequences of all the spe-
cies. The new data will enable to make the key more accurate and help the
compilation of a complete bacterial taxonomy.
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MOJIEKYJIAPHN UAEHTUOUKAIITMOHU KJbY U 3A
OAPEBUBABE BPCTA MUTUC I'PYIIE POIAA STREPTOCOCCUS

WmtBan JI. Kawo
kona ,,Hukona Bypkosuh”, 24321 dekeruh, bparcra 60, Cpouja

Pe3nme

Pon Streptococcus obyxBara Beoma 3HauajHE KIMHUYKE BPCTE Kao IITO je S.
pneumoniae. JleTepMHHALIMja OBUX BPCTa M JJaHAC MTPECTaBIba MOTEUIKONY, HAKO Ce
Y BbUXO0BO] HICHTU(UKAINjU KOPUCTE U MOJIeKyJlapHe MeToze kao 1mro je JJTHK-JTHK
xubpuamzanrja wim 16C pPHK ren ananuza. Y oBoM pay npeacTaB/baMo HOBY METO-
Iy 3a er3akTHo oapehuBame OakTepujckux BpcTa. OHa ce 6a3upa Ha pepocieny reHa
y BbUXOBOM T'€HOMY M Ha OCHOBY TOTI'a j& CAUMIHCH jelaH MOJICKYJIapHH KJbYY 32 UICH-
tudukamnujy spera. Pon Streptococcus obyxpara 6 rpyna (MUTHC, aHTHHOCYC, CaTH-
BapHyc, MyTaHc, OOBHC ¥ THOTE€HA) U HATIPABJbEH j& KJbYU 3a IbUXOBY JICTCPMUHALIH]Y.
OBaj kJby4 00yXBaTa CEKBEHIIE TCHOMA KOje Cy CIIMYHE Y [TOjeANHUM I'pynama. 3aTuM,
300r BaXKHOCTH MHUTHC TpyTie, u3pal)eH je KJbyd 3a AeTepMHHALU]y NPUIaIHUKA OBE
rpyne. [Ipunukom n3pane kibyya 3a HaeHTH(UKAL]y BpCTa, 13a0pajii CMO TaKkBe ce-
KBEHIIE 'eHOMa KOje Ce HaJia3e Mopejl TeHa, Koju ce Mory HahiM y TeHOMY CBakKe BPCTe,
aJIM ce peflociIe]l F'eHa y OBUM CEKBEHILIaMa pasJIuKyje Y JOBOJbHO] MEPH J1a C€ MOT'Y KO-
PUCTHTH y TauHOj UACHTUHKAUjI. Tako cMO n3abpaiu ceKBeHIe OKO TpH cieaeha
reta: Xaa-pro JUNeNTHANI-NENTHAA3A (X-TIPOIUI-AUIENTUANI aMUHOIENITHa3a) —
pepX, neyuun-TPHA cuntetasa — leuS u 50S pubocomannu nportens L13 u 30S pu-
6ocomanau porent C9 — rpIM n rpsl. OBe Tpu ceKBeHIle reHoMa Cy Ouiie I0BOJbHE 32
TauyHy JeTepPMUHAIIH]Y BPCTa.

KJbYUHE PEYM: muTuc rpyna, MOJIeKyJIapHU UACHTU()UKALUOHU KIbYY, POJ
Streptococcus, cucremaruka 0aktepuja
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DETERMINATION OF THE ANTIOXIDANT ACTIVITY
OF FICUS CARICA AQUEOUS EXTRACT

ABSTRACT: The aim of this study was to examine the antioxidant activity of water
extracts from fig leaf. Water extracts were prepared according to traditional medicine. The
antioxidant activity of the extracts was spectrophotometrically determined. Using the po-
tassium permanganate colorimetric method it was found that the water extract that was main-
tained at the refrigerator had lower antioxidant activity than extract that was maintained at
the room temperature.

KEY WORDS: antioxidant activity, extract, Ficus carica L., flavonoids

INTRODUCTION

The therapeutic benefit of plants was often attributed to their antioxidant
properties. Some plant extracts are believed to have strong antioxidant effects.

Ficus carica L. (Moraceae) is commonly used herbal remedy in traditional
medicine. Traditionally, fig has been used to treat constipation, bronchitis,
hyperlipidemia, eczema, psoriasis, vitiligo, and diabetes. The leaf decoction of
fig is taken as a remedy for diabetes and calcification in the kidney and liver.
However, the antioxidant activity and citotoxicity against various cancer cell
lines reported in fig are potentially promising in its future therapeutic uses
(Wang etal., 1996; Kikuzaki etal., 1993).

Nowadays, it is a trend to search for natural products to replace the syn-
thetic ones in different domains, especially food and medicine. Ficus carica
leaves are known to be reach in flavonoids (Leun g et al., 1996) and this is
why we have studied their antioxidant properties versus a synthetic, water-solu-
ble antioxidant, the ascorbic acid.

* Corresponding author: Svetlana Trifunski — svetlana_cacig@yahoo.com.
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MATERIAL AND METHODS

Material: Potassium permanganate and sulfuric acid were purchased from
“Reactivul” Bucuresti, the ascorbic acid from Merk.

Apparatus: Spectrophotometer SPEKOL 10 (Carl Zeiss. Jena) fitted with
30 ml quartz vats and magnetic stirrer.

Plant material: Leaves of Ficus carica were collected in October 2010 and
were dried at 20°C in a dark place. Four g of the dried sample were chopped
into small parts and then extracted with 60 ml water for 70 h at 10°C, followed
by filtration. The final volume of the extract was 40 ml.

Antioxidant properties screening by the potassium permanganate assay:

The method is based on the redox reactions between the antioxidant sam-
ple and the potassium permanganate in sulfuric acid media, leading to the
discoloration of the last one.

Variable amounts of 1/10 diluted samples (v = 0.2 ml or 0.6 ml — depend-
ing on the intensity of the antioxidant activity) were introduced in a 30 ml
quartz vat containing an oxidative mixture formed from: 1.5 ml potassium
permanganate 0.01M; 3.5 ml sulfuric acid 2M and (20-v) ml distilled water.
That moment was considered the zero time. The spectrophotometer signal
(mV) was then registered at 530 nm until constant value. The variation of the
potassium permanganate concentration was afterwards determined based on
a calibration curve previously done (Exarchou etal., 2002; Szabo etal,,
2005; Cacig, 2007).

The extract E1 was kept in a refrigerator (10°C) and the extract E2 was
stored at room temperature (20°C), and the analyses were done after 1, 2, 4,
18, and 40 days from their getting.

RESULTS AND DISCUSSION

A calibration curve was done by preparing a series of six solutions with
different concentrations of potassium permanganate and registering the elec-
tronic signal (mV) for each of them. The obtained graphic and the correspond-
ing equation are presented in Figure 1.

Based on this, the potassium permanganate concentration (x) can be de-
termined from the signal value (y) with the formula:

=Y 0,929 0
381328

The shape of the curves representing the variation of the potassium perman-
ganate concentration for the studied samples depends on the extracts (El or E2).

Figure 2 shows the comparative curves for the extracts (E1 and E2), first
day after their getting. These curves showed that the El extracts induced more
conspicuous decrease of the potassium permanganate concentration, meaning
that their antioxidant activity was higher. This is why for the further experi-
ments only 0.2 ml of E1 extracts were added.
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Figures 3 and 4 show the comparative evolution on the extracts on day 2,
4, 18, and 40 from their getting.
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Fig. 3. — Variation of the potassium permanganate concentration after adding 0.2 ml of (E1)
— 10 times diluted, on day 2, 4, 18, and 40 from their getting

Most curves showed a decrease in the potassium permanganate concen-
tration, as expected. Still in some cases the rapid decrease was followed by a
false increase, due to the formation of MnO, particles, which afterwards pre-
cipitated.

Probably during the first phase, corresponding to the rapid decrease of the
concentration, there was a reaction of the substances with higher antioxidant
activity which were able to reduce Mn (VII) to Mn (II). After that, reacted the
substances with lower antioxidant activity which reduced Mn (VII) only up to
Mn (IV) — MnO, leading to the precipitate formation. Later, a portion of the
MnOQ, started to precipitate and another portion was probably dissolved by the
sulfuric acid from the media and causing the absorption to decrease again.

In addition, the curves showed that antioxidant activity decreased during
the first 18 days. However, on day 40 of the analysis a conspicuous increase
of the antioxidant activity was noticed probably related to the fermentation
processes. For the El extract, the antioxidant activity seemed to be higher
than at the beginning.
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Fig. 4. — Variation of the potassium permanganate concentration after adding 0.6 ml (E2)

— 10 times diluted, on day 2, 4, 18, and 40 from their getting.

In order to quantitatively compare the antioxidant activities, we proposed
the following formula:

Ag

U5 tan dard . Cstandard . Vstandard Dil - Vextract )

ot

100

plantsample Mypjant Vplant sample

where: Asy— antioxidant activity expresses as a function of the time until the sample induces a
decrease of the permanganate concentration up to half, reported to a standard (mmol
equivalent standard / g)
tplant sample — the time until the sample induces a decrease of the permanganate concen-
tration up to half (min)
tstandard — the time until the standard (ascorbic acid) induces a decrease of the perman-
ganate concentration up to half (min)

Citandard — standard (ascorbic acid) concentration (mmol/ml)
Mypane — Mass (g) of the plant sample submitted to extraction
Vplant sample — Volume of the plant extract submitted to the analysis
Vtandard — Volume of the standard submitted to the analysis
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Dil — dilution
Vextract — Volume (ml) of the obtained extract
The Asq values variation can be noticed from Tab. 1.

Tab. 1. — A5, values for the studied extracts

Sample Day 2 Day 4 Day 18 Day 40

El 0.00011 0.000097 0.000076 0.00032

E2 0.0001 0.000043 0.00005 0.000076
CONCLUSION

The spectrophotometric method we propose allowed the quantitative
evaluation of the antioxidant activity for the plant extracts.

In our study, E2 extracts shoed higher antioxidant activity than El ex-
tracts. Fermentative processes seemed to modify the antioxidant activity of
the E2 extracts.
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OJPEBUBABE AHTUOKCUJATUBHE AKTUBHOCTHU
BOJAEHUX EKCTPAKTA FICUS CARICA

Csemiana U. Tpudyncku, lopuna I'. Apnenean

MenunuuHCKH (haKyaTeT — papMalija ¥ CTOMaTOJIOTHja,
Yuusep3surer ,,Vasile Goldis”, Apan, Pymynnja

Pe3nme

VY pany je ICIUTHBaHA AHTHOKCHUJATHBHA aKTHBHOCT BOJICHOT EKCTPAKTA U3 JIU-
urha Ficus carica xoju ce 4ecTo yrnoTpedsbaBa y TpaJAHIIMOHAIIHO] MeTUIIUHU. JIucTOoBH
Ficus carica cy mo3HaTH Kao H3y3€THO OOTraTh (pJIaBOHOHINMA.

Bonenu ekcrpaxTu cy wyBanu Ha coOHOj Temneparypu ox 20° C (E2), y xnanmaky
Ha temnepatypu on 10°C (E1), AHTHOKCHIaTHBHA aKTUBHOCT eKCTpakara je oxpehe-
Ha CNEKTPO(YOTOMETPU]CKH MEPeHEM Ha TalacHoj Ayxkunu ox 530 nm. Pesynraru
UCIMTHBamka MOKa3yjy J1a eKCTPaKT ca coOHe TeMIiepaType umMa Behy aHTHOKCH1aTHB-
HY BPEAHOCT Ol eKCTpaKaTa YyBaHUX Ha HUJKUM TemIepaTypama. PesynraTu nucnu-
THBama I0Ka3yjy Ja ekcTpakTu E2 mmajy Behy aHTHOKCHIATUBHY aKTHBHOCT HETO
exctpakt El 3aTo mto ¢epMeHTalja uMa BeJIMK YTHIIA] Y OBOM CIIy4ajy.

KJBYUHE PEUU: anTHOKCHIaTUBHA aKTUBHOCT, €KCTPaKT, Ficus carica L., ¢hna-
BOHOMH
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MORPHOLOGICAL VARIABILITY OF POPULATIONS
OF DACTYLORHIZA MACULATA (L)) SOO AND
D. MAJALIS (REICHENB,) P. F. HUNT ET SUMMERHAYES
(ORCHIDALES, ORCHIDACEAE) FROM STARA PLANINA
MOUNTAIN (SERBIA)

ABSTRACT: Comparative morphological taxonomic analysis was conducted on two
populations of Dactylorhiza maculata (L.) So6 1962 and one population of D. majalis (Re-
ichenb.) P. F. Hunt et Summerhayes 1965 from the area of Stara planina mountain in order to
determine new characters that could be used to distinguish these two species and characters
that could eventually be used for defining infraspecific taxa within these species. Taxonomic
studies have included processing of quantitative and qualitative characters. A total of 60
characters were analyzed, out of which 34 quantitative and 26 qualitative. Analysis of quan-
titative and qualitative characters included 90 specimens — 60 of D. maculata and 30 of D.
majalis. Based on the results obtained by multivariate statistical analysis and literature data,
we selected sets of taxonomic characters that allow a clear differentiation of infraspecific
forms within the species D. maculata, which is characterized by intensive variability on the
selected localities on Stara planina.

KEY WORDS: Dactylorhiza maculata, D. majalis, infraspecific variability, multi-
variate statistics

INTRODUCTION

Genus Dactylorhiza (Orchidaceae, Orchidoideae) is taxonomically prob-
lematic genus in which many species show variability within and between
populations. Also, within this genus is common interspecific hybridization
where hybrids are generally of high fertility and sometimes they outnumbered
the parental populations (S o 6, 1980). Many problematic taxa of this genus are
alotetraploids, believed to be the results of multiple hybridization between two

* Corresponding author: Boris P. Radak, Faculty of Sciences, Department of Biology and
Ecology, Trg Dositeja Obradovi¢a 2, 21000 Novi Sad, Serbia.
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broadly defined parental species D. fuchsii (Druce) So6 and D. incarnata (L.)
So6 (Heslop-Harrison, 1968; Hedren, 2002, Devos et al., 2003).
Numerous evidence suggests that this complex is a dynamic system of poly-
ploidy speciation and extinction in which polyploids evolve continuously from
the same set of broadly defined parental lines (He d ren, 2003). Last mor-
phometric research showed that Dactylorhiza alotetraploids often have mor-
phological characters that are generally intermediate between D. incarnata
and D. fuchsii (Gathoye and Ty teca, 1993).

Species from this genus are present in temperate and north Eurasia,
northern Africa, eastern (Ontario), and western (Alaska) North America,
with its center of diversity in Europe and southwest Asia (Strid and Tan,
1991). Number of species (12-75) recognized by different authors varies
significantly (Pedersen, 1998; Bateman and Denholm, 2003). In
flora of Serbia, there are 6 species in genus Dactylorhiza (Dikl1i¢,
1976).

Presence of transitional characteristics between clearly defined
taxa indicates parallel directions in phenotypic radiation, i.e. models of
phenotypic variability induced by changes in environmental conditions.
Such a phenomenon of parallel more or less variable characteristics is com-
mon within a species and between related species. As large mountain rang-
es show significant level of habitats diversity, it is also expected a higher
degree of differentiations between distant populations of same species, and
a similar form of plasticity in phylogenetically close species. These types
of changes are regularly followed by taxonomic infraspecific differentia-
tion within species and detection of known and description of new infra-
specific forms. In this light, we set the directions of research of morpho-
logical differentiations of populations of D. majalis and D. maculata origi-
nating from the western part of Stara Planina Mountain in Serbia.

MATERIALS AND METHODS

Plants material was collected from three sites in the area of Stara Planina
Mountain. A total of 90 plants were collected: Babin Zub (30 plants), Doj¢ino
vrelo (30 plants) and Krvave bare (30 plants) (Table 1).

Tab. 1 — Sampling sites

Taxon Locality GPS coordinates
Dactylorhiza maculata (L.) Sod, Krvave bare N43 19.744
Nom. Nov. Gen. Dactylorhiza 7 (1962) (mac krb) E22 47.883
Dactylorhiza maculata (L.) Sod, Doj¢ino vrelo N43 22.000
Nom. Nov. Gen. Dactylorhiza 7 (1962) (mac doj) E22 36.299
Dactylorhiza majalis (Reichenb.) Babin Zub N43 22.387
P. F. Hunt & Summerhayes, Watsonia 6: 130 (1965) (maj bab) E22 37.449
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Material was dried and prepared with standard method and is kept in the
herbarium of the Department of Biology and Ecology, Faculty of Sciences in
Novi Sad (BUNS). During the processing of materials, dried specimens were
labeled with standard OTU labels (Original Taxonomy Units). Prior to mor-
phological and morphometric investigation, there was a rehydration of mate-
rial by thermal treatment in ethanol solution, after which material was set in
the glycerol substrate and thus analyzed. In each analysis, we reject the maxi-
mum number of plants that did not meet the criteria. The measurements were
performed with precision caliper gauge (precision 0.01 mm) at temperature of
25°C.

The data obtained by measurement were statistically analyzed using
the computer program STATISTICA for Windows 10.0. Statistic analyzes
included descriptive and discriminate statistics and multivariate analysis
(discriminant and correspondent analysis). As a part of multivariate analysis,
we tested statistical significance by univariate and multivariate analysis
(Quick, 1997).

Morphological taxonomic studies have included the processing of quan-
titative and qualitative character, which had previously been selected from
literature (S0 6, 1973; Buttler, 1996; Pignatti, 1982; MopnaHoB,
1964; Panca and Beldie, 1972; S0, 1980; Dikli¢, 1976; Hayek,
1933; Shipunov and Bateman, 2005). A total of 60 characters was
analyzed, out of which 34 quantitative and 26 qualitative (Table 2). Amongst
quantitative characters, we analyzed 25 morphometric, 2 meristic and 7
characters that represent indexes calculated based on proper morphometric
characters.

RESULTS AND DISCUSSION
Statistical analysis of quantitative characters

We observed and statistically analyzed 7 morphometric indexes on 73
plants (D. majalis — 24, D. maculata — 49 plants). In addition, statistical
analysis was performed for 25 morphometric characters and included 67
plants (D. majalis — 23, D. maculata — 44 plants). Based on measurement
data, we calculated mean value (x), standard deviation (6) and coefficient
of variation (CV %) (Table 3). Coefficients of variation for the same char-
acter for all three populations are grouped in three ways: (1) CV% for all
three populations are in the same zone of variability; (2) CV% for two
populations of D. maculata are in the same zone of variability, population
of D. majalis differ; and (3) CV% for population of D. maculata from
Dojéino vrelo and D. majalis population are in the same zone of variability,
population of D. maculata from Krvave bare differ. Only in two cases,
coefficients of variation values are in different zones of variability for all
three populations.
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Tab. 2 — Analyzed characters

Number of
Organ Quantitative characters Qualitative characters characters
states
Height
Stem Height to inflorescence E/?agre in
Width g
Hairiness
Lowermost leaf shape (1ls) 2
Uppermost leaf shape (uls) 3
Lowermost leaf apex shape (1la) 4
Uppermost leaf apex shape (ula) 2
Number (len) Leaf arrangement (lar) 3
Leaf Length Leaf spots presence (Isp) 3
Width Presence of spots on the uppermost leaf
Index I/w (psu) 3
Presence of spots on the lowermost leaf
(ps)) 3
Position of the widest part of leaf
Lowermost leaf margin (1lm) 3
Uppermost leaf margin (ulm) 2
Inflores- Flowers number (fln) Inflorescence shape (ins) 2
cence Inflorescence length Inflorescence compactness (inc) 2
Lowermost bract width
Lowermost bract length
Index I/w of lowermost bract
Uppermost bract width
Uppermost bract length
Index I/w of uppermost bract
Flower length
Index length br/fl Lowermost bract shape (lbs) 3
Ovary length Uppermost bract shape (ubs) 4
Spur length Spur shape (sps) 2
Index length sp/ov P e sp
Labellum length Labellum lobes shape (los) 3
Flower Labellum width Labellum median lobe shape (Ims) 5
Index I/w of labellum Labellum median lobe apex shape (Ima) 4
Length 1111 2-3 Right lateral labellum lobe shape (srl) 7
Length rlll 2-3
Width 1111 4-3 Left lateral labellum lobe shape (sll) 7
Width rlll 4-3 Margin of right lateral labellum lobe (mrl) 5
Length mll Margin of left lateral labellum lobe (mll) 5
Length A (same as labellum
length)
Length B
Length C
2A/(B+C)

Length 1111 4-2
Length rlll 4-2

1 - length; w — width; br — bract; fl — flower; sp — spur; ov — ovary; 1111 — left lateral labellum lobe;
rlll — right lateral labellum lobe; mll — median labellum lobe; 111 — lateral labellum lobe; A — length
from bursicula to the top of median labellum lobe; B — length from bursicula to the top of lateral
labellum lobe; C — length from bursicula to separation point of lateral and median labellum lobes;
2A/(B+C) — labellum index; * numbers 4-2, 4-3, 2-3 represent labellum measurement points
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Tab. 3 — Basic statistical parameters of quantitative characters of examined populations

.o . D. maculata D. maculata
10} ety = 181o7im 2o — Doj¢ino vrelo — Krvave bare
N x 6 CV(%)|N x 6 CV(%[N x 6 CV(%)

Vegetative region
Stem height 23 394.99 72.06 18.24 (22 300.66 59.75 19.87(22 221.25 31.64 14.30
Height to inflorescence |23 307.17 55.87 18.19 (22 233.54 47.18 20.20(22 174.87 26.61 15.22
Stem width 23 387 1.07 27.64(22 447 095 21.17|22 4.16 0.56 13.53
Leaf length 23 127.14 39.72 31.24 (22 128.89 32.66 25.34|22 114.56 20.18 17.62
Leaf width 23 26.88 8.78 32.65(22 2496 6.61 26.49(22 23.02 5.11 22.18
w of lowermost bract |23 3.32 095 28.66(22 749 194 2591(22 557 141 2538
1 of lowermost bract |23 24.00 6.77 28.20(22 29.18 7.75 26.57(22 22.09 5.76 26.10
w of uppermost bract |23 148 0.52 35.16 (22 3.20 0.57 17.75|22 3.04 0.56 18.52
1 of uppermost bract (23 746 1.71 22.87|22 10.14 2.31 22.83(22 10.17 1.79 17.56
1/w of leaf 24 4.85 1.22 251525 554 197 35.60(24 5.11 1.55 30.27
I/w of lowermost bract |24 7.48 2.05 274125 4.03 0.78 19.48(24 4.08 0.63 1548
I/w of uppermost bract|24 5.44 143 26.29(25 3.21 0.63 19.50(24 3.40 0.46 13.49
1 of bract/l of flower |24 174 0.43 [B4F125 291 070 240124 2.05 0.62
Generative region
Inflorescence length |23 87.82 31.06 .22 67.12 21,53.22 46.38 11.67
Flower length 23 13.80 2.02 22 9.87 1.08 22 11.01 1.01
Ovary length 23 10.86 1.62 14.95(22 12.78 2.02 15.82|22 11.52 1.47 12.78
Spur length 23 901 1.35 15.01 |22 513 0.87 1691(22 584 0.82 14.04
Labellum length 23 821 1.28 15.64(22 9.15 1.07 11.68(22 9.12 1.11 12.19
Labellum width 23 952 145 152122 1193 146 12.26(22 11.42 1.54 13.46
11111 3-2 23 291 115 805122 548 175 B2 22 471 1.28 2719
1rlll 3-2 23 291 1.28 44.06(22 583 1.71 29.29|22 449 1.21 26.93
w 1111 4-3 23 324 072 22.18(22 1.81 140 77.14{22 1.59 0.70 43.95
w rlll 4-3 23 2.87 0.60 21.02(22 1.61 0.75 46.48(22 148 0.58 39.11
I mll 23 484 078 16.19(22 2.21 0.92 41.87|22 243 0.73 30.03
Length A 23 821 1.28 15.64|22 9.5 1.07 11.68({22 9.12 1.11 12.19
Length B 23 447 130 29.04(22 7.62 1.16 1522(22 730 1.20 16.41
Length C 23 323 1.04 32.38(22 6.88 1.14 16.51|22 6.60 1.07 16.23
111l 4-2 23 343 0.64 18.76 (22 6.37 145 22.81(22 5.10 1.03 20.28
11111 4-2 23 348 0.62 1776 |22 6.25 1.86 29.71(22 541 1.07 19.78
1 sp/ov 24 0.84 0.15 17.86(25 041 0.08 19.66(24 0.52 0.09 17.87
1/w of labellum 24 0.86 0.5 17.44(25 0.78 0.09 11.08(24 0.79 0.09 10.81
2A/(B+C) 24 235 074 3149(25 1.29 0.17 13.58(24 1.32 0.13 9.92

CV% are in different zones of variability for all three populations

CV% for all three populations are in the same zone of variability

CV% for two populations of D. maculata are in the same zone of variability, population

of D. majalis differ
.CV% for population of D. maculata from Doj¢ino vrelo and D. majalis population are in

the same zone of variability, population of D. maculata from Krvave bare differ

L — length; w — width; sp — spur; ov — ovary; 1111 — left latetal labellum lobe; rlll — right lateral

labellum lobe; mll — median labellum lobe; 111 — lateral labellum lobe; A — length from bursicula
to the top of median labellum lobe; B — length from bursicula to the top of lateral labellum lobe;
C — length from bursicula to separation point of lateral and median labellum lobes; 2A/(B+C) —
labellum index; * all values are in mm
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Variance analysis

To determine differences in the variability of analyzed quantitative char-
acters we applied univariate analysis of variance (ANOVA). There is a statisti-
cally significant difference in variability of 12 characters between two popu-
lations of D. maculata. In case of both analyzed species there is statistically
significant difference in variability of all characters except 4 (stem width, leaf
length and width, and index leaf length/leaf width). Defined set of variable
character between the two species does not belong to a group of taxonomically
valuable characters in interspecific differentiation. However, significant variabil-
ity between populations of D. maculata provide solid base for further analysis
and selection of those characters that contribute to infraspecific separation.

To determine the differences between populations in relation to total mor-
phological variability of the sample, we applied multivariate analysis of variance
(MANOVA). Results indicate statistically significant differences in variability
of analyzed quantitative characters. These results confirmed significant inter-
population variability of morphological characters within D. maculata, which
was detected by univariate analysis.

Discriminant analysis of quantitative characters

To identify quantitative characters that are major contributors in discrim-
ination of groups, we used discriminant analysis. Along the first discrimi-
nant axis these are following characters: height (of stem) to inflorescence,
stem width, leaf length, leaf width, left lateral labellum lobe length 3-2 (1111
3-2), right lateral labellum lobe length 3-2 (rlll 3-2), median labellum lobe
length (mll), left lateral labellum lobe length 4-2 (111l 4-2) and index spur
length/ ovary length (sp/ov). On the second axis, major discriminant con-
tributors are height (of stem) to inflorescence, length A, right lateral label-
lum lobe length 4-2 (rlll 4-2) and index bract length/flower length (br/fl).

In the area of first and second discriminant axis, based on the ana-
lyzed morphometric characters and their indexes, both populations of D.
maculata are on one and population of D. majalis is on the other side of the
first axis (Fig. 1). Based on morphometric characters, there is separation of
individuals of two populations of D. maculata along the second axis (Fig-
ure 2A). If we observed results obtained for morphometric indexes (Figure
1B), specimens from all three populations are dispersed along the second
axis, and they cannot be well separated.

If we consider distribution of populations in area of first and second
discriminant axis and values of discriminant characters, we can conclude
that the population of D. majalis is characterized by longer and thinner
stem, wider leaves, longer median labellum lobe, and a larger index spur
length/ovary length. Populations of D. maculata are characterized prima-
rily by stem length, where it is longer within the population from Doj¢ino
vrelo. Although we observed differences in the variability of morphomet-
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ric characters between analyzed populations, they were insufficient for the
definitive separation of studied populations into appropriate infraspecific
categories.

Correspondence analysis of qualitative characters

We examined 28 qualitative characters of vegetative and generative
regions on 77 plants (D. majalis — 23, D. maculata — 54 plants) from three

B

Fig. 1 — Positions of analyzed specimens in the area of the first and the second discriminant axis
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localities. Further analysis was based on 24 characters for the species D.
maculata and on 22 in the analysis that included both species together. List
of qualitative characters and number of characters states are given in Tab. 2.
In analysis of qualitative characters variability first we coded characters states
and than calculated states frequencies. Finally, the frequencies of characters
states were processed by correspondent analysis. In correspondent analysis
we also included meristic characters (leaves and flowers number) that had
been previously translated into non-parametric data by forming the numeri-
cal range. Three analysis were performed, one for every region of plant —
leaf, flower and inflorescence.

The positions of leaf characters states in the area of I and II correspond-
ence axis shows a clear separation between populations of two different
species along I correspondence axis. Two populations of D. maculata are
separated by II correspondence axis, where the population from Krvave
bare is located in positive and population from Dojcino vrelo in negative
zone of II axis. Qualitative characters that contribute to the separation of
D. majalis from other species are lanceolate form of upper leaves, wavy
margin of the lower and upper leaves, and the presence of black spots across
the whole surface of leaves, oval, narrowed into thorn apex of lowermost
leaf'and 7 leaves on stem (Fig. 2A). Population of D. maculate from Doj¢ino
vrelo is characterized by acuminate lowermost leaf apex shape, 3 or 4 leaves
on the stem, and black spots sporadically present on the surface of upper
leaves. Population from Krvave bare is characterized by entire and wavy
lowermost leaf margin and absence of spots on upper leaves (Fig. 2A).

In relation to inflorescence characters, (Fig. 2B) populations are sepa-
rated in a similar way as in previous analy51s Characteristic of D. majalis
population are 25-29 flowers (noted in 4 plants) and more than 30 flowers
in inflorescence (in 11 plants) and elongated-lanceolate acuminate bracts.
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Fig. 2 — Positions of characters states and populations centroids in area of I and II correspondence axis
(A —leaf; B — inflorescens)

Populations of D. maculata are clearly separated by a few characters —
population from Krvave bare is characterized by broad, cylindrical, dense
inflorescence with many flowers (15 to 24) and elongated egg-shaped acu-
minate bracts, while the population from Doj¢ino vrelo is characterized by
loose inflorescence with fewer flowers (1-14) and elongated-lanceolate
bracts with obtuse apex shape (Fig. 2B).

In relation to flower characters, there is a separation of population
from Dojc¢ino vrelo and D. majalis population on the positive side of I and
negative side of II correspondence axis, while the population from Krvave
bare is on the negative side of I and positive side of II axis (Fig. 3). Popula-
tion of D. majalis is characterized by wide baggy spur, while the popula-
tions of D. maculata are related with sets of labellum characters (Fig. 3).
Population of D. maculata from Krvave bare can be described by following
characters: trapezoidal (frequency (f) = 0.037) and semicircular (f 0.296)
form of the right lateral labellum lobe, broad-triangular (f 0.555) and arc
form of median labellum lobe, obtuse (f 0.444), acuminate (0.037) and con-
cave (f 0.037) form of median labellum apex, equal lateral labellum lobes
(f 0.815), short and wide baggy spur (f 0.926) and semicircular left lateral
labellum lobe shape (f 0.296). Population of D. maculata from Doj¢ino
vrelo is characterized by following characters (Fig. 3): 3 unequal labellum
lobes (f 0,333), oval median labellum apex shape (f 0.630), irregularly-tri-
angular (f 0.148), triangular (f 0.370) and broad-oval (0.185) median label-
lum lobe shape, left lateral labellum lobe with oval (f 0.074) and acuminate
(0.037) margins, right lateral labellum lobe with waved (f 0.704) and acu-
minate (f 0.074) margins, trapezoidal (f 0.444), trapezoidal directed upward
(£0.037) and in a form of % circle (f 0.037) form of the left lateral labellum
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Fig. 3 — Positions of flower characters states and populations centroids in area
of I and II correspondence axis

lobe, trapezoidal (f 0.630), semicircular (f 0.296) and trapezoidal directed
upward (f 0.074) form of the right lateral labellum lobe.

Based on the obtained data and differential characters from literature
(S0 0, 1973) we can proposed infraspecific ranking for population of D.
maculata from Krvave bare as maculata variety, which is characterized by
three more or less equal labellum lobes, a features that occurs in studied
population with high frequency (0.815) and with median labellum lobe which
1s more or less triangular (broadly triangular 0.555, triangular 0.148 and
irregular triangular 0.222). If we also consider index bract length/flower
length (Tab. 3) plants from this population can be classified as form bracteosa
(Harz) So¢ that is characterized by bracts that are longer than flowers (index
2.05 £ 0.62). Plants from Doj¢ino vrelo population have three unequal label-
lum lobes (0.333) upon which this population could be classified as palustris
(Cam.) So¢ variety, but this is very questionable due to the relatively low
frequency of this character. Form of plants from this population is also
questionable, but we noted that flowers had intense fragrance that could
point to f. fragrans (Harz) Sod.

As a result of analysis carried out on examined D. maculata popula-
tions, a key for infraspecific differentiation within this species was formed:

1. Labellum lobes are unequal ......... var. palustris (Cam.) So 6 1960
1. Labellum lobes more orlessequal . ........................... 2
2. Bracts and flowers equal length or bracts slightly shorter than flowers . .

..................................... var. maculata t. maculata
2. Bracts longer than flowers . . var. maculata f. bracteosa (Harz) So 6 1960

42



CONCLUSION

Based on the results obtained by statistical analysis and literature data, the
population from Krvave bare can be defined as Dactylorhiza maculata subsp.
maculata var. maculata f. bracteosa (Harz) So6 1960, and the population
from Doj¢ino vrelo as — Dactylorhiza maculata subsp. maculata var. palustris
(Cam.) S0 6 1960 f. fragrans (Harz) So 6 1960. Infraspecific sensibility for
D. majalis population was not determined since this study included only one
population of this species. On the other hand results of statistical analysis for
these populations have shown the existence of sets of differential characters
between these two species. D. majalis is characterized by longer and thinner
stem, wider leaves, longer median labellum lobe, bigger index spur length/ovary
length, lanceolate shape of leaves, more than 25 flowers in inflorescence and
wide baggy spur. Populations of D. maculata are distinguished primarily by
length of stem, where it is longer in the population from Doj¢ino vrelo. In ad-
dition, there are sets of labellum characters for each of D. maculata population.
As a result of analysis carried out on examined D. maculata populations a key
for infraspecific differentiation within this species was formed.
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MOP®OJIOIIKA BAPUJABUJIHOCT MOIYJIIALUIA BPCTA DACTYLORHIZA
MACULATA (L) SOOI D. MAJALIS (REICHENB.) P. F. HUNT ET SUMMER-
HAYES (ORCHIDALES, ORCHIDACEAE) CA CTAPA IIJIAHUHE (CPEUJA)

Bopuc B. Pagax', Munuua M. Pat', Topan T. Anaukos'

'Vuusepsurer y Hosom Cany, [Tpuponso-matematuuku hakyntet, JlenapTman 3a
ouonorujy u exonorujy, Tpr Hocuteja O6pamosuha 2, 21000 Hosu Can, Cpbuja

Pesnme

Yopeana Mop¢hoJoLIKa TAKCOHOMCKA aHaJIM3a CIPOBE/ICHA j€ Ha [IBE IOIyJIaluje
Bpcre Dactylorhiza maculata (L.) So6 u jenne nomynanuje Bpere D. majalis (Reichenb.)
P. F. Hunt et Summerhayes ca noapyyja Crape nianune pajau yTBphuBama HOBUX Ka-
paxTepa Koju OU ce MOTTIM KOPHCTUTH 32 PAa3JIMKOBA-E OBE JIBE BPCTE KA0 U KapakTepa
KOju OM ce, eBeHTYaIHO, MOTJIM UCKOPUCTHUTH 32 ie(hnHNCake NH(PACTICIN]CKIX TaK-
COHa YHyTap OBHX BpcTa. TakcoHOMCKa MOP(OJIOIIKa HCTPaKUBamka Cy 00yxBaTaia
o0pay KBaHTUTaTUBHUX U KBAJIMTATUBHUX KapakTepa. AHAJIU3UPAHO je YKYIHO 60
KapakTepa, o] Tora 34 kBaHTUTAaTHBHA U 26 KBanuTaTUBHUX Ha 90 jennHku. Ha ocHOBY
pesyaTaTa MyJITHBapHjaHTHE CTaTUCTHUKE U MoJaTaka U3 JUTepaType, U3IBOJEHU Cy
CeTOBH TAKCOHOMCKHX KapakTepa Koju omoryhasajy jacHy audepenuujanujy nudpa-
crieujcKux o0nuka ynyTap Bpcre D. maculata xoja ce Ha n3abpaHUM JOKaJIUTeTUMA
Ha CTapoj IIaHWHYU KapaKTepHIle HHTE3UBHU)jOM BapujaOurHomhy.

KIJbBYYHE PEYU: Dactylorhiza maculata, D. majalis, nadpacnenujcka Bapuja-
OMITHOCT, MyJTUBapHjaHTHA CTATHCTUKA
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SOME EXTINCT PLANT TAXA ON THE TERRITORY
OF NOVI SAD AND THEIR VULNERABILITY
STATUS IN VOJVODINA AND SERBIA

ABSTRACT: Natural habitats on the territory of Novi Sad are almost fully destroyed
today, as well as their characteristic plant taxa. The reason for disappearance of natural
habitats is the development of suburban communities, which is an irreversible process. Plant
taxa, specific for wet, salty, and sandy ecosystems grew on those habitats twenty years ago
and earlier. This paper presents the overview of 9 taxa (Suaeda maritima subsp. maritima,
Androsace elongata subsp. elongata, Cirsium boujartii subsp. boujartii, Aster sedifolius subsp.
canus, Blackstonia perfoliata subsp. serotina, Plantago maritima subsp. maritima, Salvia
nutans, Allium angulosum, and Typha schuttleworthii). These taxa presented integral parts
of autochthonous flora of Novi Sad. Since some of these taxa were found in the field 21
years ago and some even 93 years ago, they are extinct from the flora of Novi Sad.

KEY WORDS: extinction, flora, habitat, Novi Sad

INTRODUCTION

The development of city quarters and communities, and increased human
activity led to large and irreversible changes to the structure of the flora and
fauna of urban and suburban areas. It resulted in disappearance or critical en-
dangerment of the taxa, which formed the characteristic plant texture and were
characterized by specific ecology of steppes, salty, and wet habitats before the
process of urbanization.

Natural habitats are literally extinct and they are replaced by the vegeta-
tion dominated with synanthropic species of dense texture.

The territory of Novi Sad, especially its northwestern part, today’s city
quarters Detelinara and Novo Naselje, was characterized by habitats such as

* Corresponding author: Pal Boza — E-mail: boza.pal@dbe.uns.ac.rs
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natural salty habitats, salty sands, fragments of steppes, and wet habitats in
the past. Most of them have disappeared and some of the taxa characteristic to
the above-mentioned habitats are extinct or became very rare.

This paper describes nine autochthonous taxa extinct from the flora of
Novi Sad. Those plants are Suaeda maritima (L.) Dumort 1827 subsp. pan-
nonica (G. Beck) So6 ex P. W. Ball 1964, Androsace elongata L. 1753
subsp. elongata, Cirsium boujartii (Pill. et Mitterp.) Schultz- B. 1856 sub-
sp. boujartii, Aster sedifolius L. 1753 subsp. canus (W. et K) Merx m. 1974,
Blackstonia perfoliata (L.) Hudson 1762 subsp. Serotina (Koch ex Re-
ichenb.) Vollman 1914, Plantago maritima L. 1753 subsp. maritima, Salvia
nutans L. 1753, Allium angulosum L. 1753, and Typha schuttlewortii Ko ch
etSonder inKoch 1844.

Suaeda maritima subsp. pannonica is a Pannonian endemic plant (Boza,
1999), which grows in very salty and wet habitats and characterizes the alli-
ance Thero-Salicornion Tx. 55 (S 0 0, 1970).

Androsace elongata subsp. elongata is subspecies characteristic for step-
pes and sandy habitats (S o 6, 1970), belonging to Pontic floristic element (Ste-
vanovic, !). It belongs to alliance Festucion rupicolae So6 (29) 40 corr. So6 64
(S06, 1970).

Cirsium boujartii subsp. boujartii is a plant of ruderal habitats, distributed
in Hungary (Csiky etal., 2005) and Romania (Butorac, 1999), and itis a
member of the alliance Onopordion Br.-Bl. 26 (S 0 6, 1970). The habitats of
this plant are destroyed by the spread of suburban communities.

Aster sedifolius subsp. canus is a plant growing in wet thickets, salty
marshes (S 0 0, 1970). It belongs to Pontic-Pannonian floristic element (Steva-
novi¢, !) and is an edificator of the alliance Festucion rupicolae So6 (29) 40
corr. So6 64 (So 0, 1970).

Blackstonia perfoliata subsp. serotina is a plant growing in wet, sandy and
salty habitats (S 0 0, 1966), and belongs to Central-Eastern Mediterranean-
-Submediterranecan-West Pontic-Pannonian floristic element (B ud a k, 1999)
and it is an edificator of the alliance Nanocyperion flavescentis W. Koch 26
(S 06, 1966).

Plantago maritima subsp. maritima grows in wet salty habitats charac-
terizing the vegetation class Festuco-Puccinellietea So6 68 (S 0 0, 1968). In a
wider sense, it belongs to Euro-Asian floristic element (Stevanovig, !).

Salvia nutans is a plant of loess heaths belonging to Pontic-Pannonian
floristic element and it is considered a post-glacial, steppe relict (S o 6, 1968).
It characterizes the alliances Festucion rupicolae Soo, (29) 40, corr. So6 64
and Danthonio-Stipion stenophyllae So0, 47, corr. 71 (S 0 6, 1968).

Allium angulosum is a plant of occasionally flooded meadows character-
izing the alliance Molinion coeruleae W. Koch 26 and belongs to Euro-Asian
floristic element (S 0 6, 1973).

Typha schuttlewothii is a taxon of Middle-European floristic element
characteristic for the alliance Phragmition communis W. Koch 26, emend. So6
47 (S0 6, 1973). In Serbia, ass. Typhaetum schuttleworthii B. Jovanovi¢ 82
(Jovanovi¢, 1982) is recorded.
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MATERIAL AND METHODS

Nine floristically and phytogeographically important plants, extinct from
the flora of Novi Sad, are presented in phylogenetic classification (Takhta-
jan, 1997) in this paper. For each plant, the following data are defined: gen-
eral distribution and distribution in Serbia according to the Red Book of Flora
of Serbia I Josifovi¢, M. ed. 1970-1976; Dik1i¢, N. ed. 1986; Steva-
novi¢, V. ed. 1999), and the distribution in Vojvodina based on literature
data and personal field research. The distribution is presented on UTM maps
10x10 km. Floristic elements are presented according to Sod (S o 6, 1966,
1968, 1970, 1973), the Red Book of Flora of Serbia 1 (Stevanovi¢, V. ed.
1999) and suggestions of the reviewer (Stevanovi¢, !). The nomenclature is
taken from the Flora Europaea (Tutin et al., eds., 1968, 1972, 1976, 1980;
Tutin etal., eds., 1993).

For each presented taxon, the first and the last result in Novi Sad and its
surroundings is given, as well as the type of the habitat and the category of
endangerment in Serbia. Localities in Novi Sad are presented on the map of
Novi Sad (Geoplan and Grad Novi Sad, 1995, proportion 1:10.000).

RESULTS AND DISCUSSION

Fam.: Chenopodiaceae, Subfam.: Salsoloideae, Tribus: Suaedeae
Suaeda maritima (L)) Dumort 1827 subsp. pannonica (G. Beck) S0 6
exP. W. Ball 1964

General distribution of this Pannonian endemic species (B oz a, 1999)
is eastern and central Europe (Ball, Akeroyd, 1993), Austria, Hungary,
Moravia in the Czech Republic, Serbia, and Dobruja in Romania (S o 6, 1970).
Suaeda maritima subsp. pannonica is a typical halophyte, which formed spe-
cial, very dense alliances Suaedetum pannonicae Knezevi¢, Boza 87 (Kne -
zevic, Boza, 1987) near Melenci.3

In Serbia, it is present in northern, i.e. Pannonian part. Today, it can be
stated with certainty that it grows only near Melenci, on the bank of the lake
Rusanda, bog Okanj, as well as in Slano Kopovo near Novi Becej, which is
also its south border of its distribution in Serbia. It has disappeared from the
localities south of Stari Be¢ej and near Sombor, while the data about the pres-
ence of this species near Senta and in Suboticko-Horgoska Sand are not certain.

Concerning its endangerment, it belongs to category of critically endan-
gered taxa whose population is over 250 mature individual plants (BozZa,
1999).

The only data about the presence of this species in Novi Sad is from 1974
without stating the precise locality (Obradovi¢, Budak, 1974). This spe-
cies is extinct from the territory of Novi Sad (Fig. 1. e., 2))
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Fig. 1. — Localities at the territory of Novi Sad from which the species Suaeda maritima
subsp. pannonica ® and Androsace elongata subsp. elongata m are extinct.

S C LI R DT E
P T
R 1
g 7 [ I [0 I 1 ] l .._'.Jj'.
R | : ? b1
e N\
| TiEE
S .-r‘gl.,-f e
¥ me
4 _Eh |
= { I I_
L 1 |
Lalite. [T | k=1 [

Fig. 2. — Distribution of Suaeda maritima subsp. pannonica in Vojvodina (Boza, 1999) corr.

48



Fam.: Primulaceae, Tribus: Androsaceae
Androsace elongata L. 1753 subsp. elongata

This subspecies is characterized by Pontic type of distribution, with areal
radiation towards middle Europe, where it populates relict steppes (Stevano-
vi¢, ). However, one part of the areal in the Pannonian Plain is disjoint (S o0 0,
1970). Its distribution covers the middle Europe, central and southern parts of
Russia, Caucasus, and southern Siberia (Stevanovic, !). In Europe, it grows from
middle Germany, across Poland towards east to the Ural (Ferguson, 1972).

It is a typical plant of steppes and is present on dry pastures, plain slopes,
and in sandy and salty thickets (S 0 6, 1970). 5

In Serbia, it grows in eastern and southeastern parts, from VrSka Cuka
across Ni$ and Bela Palanka to Vranje (Nikoli¢, 1972). In Novi Sad, it was
present on the northern border of its distribution in Serbia.

The only locality on which this plant was present in Novi Sad are grass-
lands near the University where it was found only once in 1988 (BozZa,
Budak, 1990/91). Androsace elongata subsp. elongata is extinct from the
territory of Vojvodina (Fig. 1. m, 3.).

Fig. 1. — Localities at the territory of Novi Sad from which Suaeda maritima subsp. pannonica @
and Androsace elongata subsp. elongata m are extinct

i of E

S Claader~ P

Fig. 3. — Distribution of Androsace elongata subsp. elongata in Vojvodina
(Boza,Budak, 1990/91)

Fam.: Asteraceae, Subfam.: Cichorioidae, Tribus: Carduuseae
Cirsium boujartii (Pill. et Mitterp.) Schultz-B. 1856 subsp. boujartii

This subspecies grows only in Romania (Werner, 1976) and Hungary
(Csiky etal., 2005) today. It belongs to Pannonian floristic element (B u -
torac, 1999). For Serbia, it is recorded in Deliblato Sand in 1914 (Wagner,
1914) and near Novi Sad (Javorka, 1925). The data for Novi Sad are later
cited by Obradovi¢ (1966) and Obradovi¢, Butorac (1975). There
are no data on this subspecies for Novi Sad after 1925.
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C. boujartii subsp. boujartii has disappeared from Deliblato Sand and
from the territory of Novi Sad, which was its only locality in Serbia, so it is
extinct from the flora of Serbia (Butorac, 1999). On the aforementioned lo-
calities, it was present also on the southwestern border of its areal (Fig. 4. e, 5.)
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Fig. 4. — Localities at the territory of Novi Sad from which Cirsium boujartii subsp. boujartii @
and Aster sedifolius subsp. canus m are extinct
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Fam.: Asteraceae, Subfam.: Asteriodeae, Tribus: Astereae
Aster sedifolius L. 1753 subsp. canus (Waldst. et Kit) M erx m. 1974

The general distribution of this taxon covers Austria, Hungary, Romania,
Serbia and Bulgaria (Gaji¢, 1975). The subspecies belongs to Panonnian-
-Pontic floristic element (Stevanovic, !).

According to Gaji¢, in Serbia, this plant grows only in Vojvodina, where
it is often found on salty habitats (G aji¢, 1975). According to our research,
this taxon is present on salty habitats along large rivers.

For the territory of Novi Sad, it was firstly recorded by Tatar in 1939
(Tatar, 1939). There are no later data for the territory of Novi Sad. The taxon
is found near Novi Sad (Veternik, Futog) in 1974 (Obradovi¢, Budak,
1974). However, the aforementioned habitats were destroyed by the process of
urbanization and this subspecies were not recorded there in the last 30 years.

This taxon is endangered (Fig. 4. m, 6.) in Serbia (Vojvodina) today.

Fig. 4. — Localities at the territory of Novi Sad from which Cirsium boujartii subsp. boujartii @
and Aster sedifolius subsp. canus m are extinct

Fig. 6. — Distribution of Aster sedifolius subsp. canus in Vojvodina (B rd ar, 2000) corr.

Fam.: Gentianaceae, Tribus: Gentianeae
Blackstonia perfoliata (L.) Hud s on 1762 subsp. serotina (Koch ex Re-
ichenb.) Vollman 1914

General distribution of this species covers the Mediterranean area (J o -
vanovi¢-Dunji¢, 1973) and it belongs to central-eastern Mediterranean-
-Sub-Mediterranean-West Pontic-Pannonian floristic element (Bu d a k, 1999).
In Europe, it grows in southern and central parts, in the north to Netherlands
(Tutin, 1972). It populates muddy habitats, swamps, rarely salty marshes and
sandy plains (S 0 6, 1966).

Its distribution in Serbia covers Backa, Banat and western Serbia near
Ljubovija (Budak, 1999; Tomovi¢ etal., 2009).

The first data for Novi Sad and its surroundings were recorded by
Zorkoczy (1896), Kupcsok (1915)and Prodan (1916), laterJanja-
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tovic¢ etal (1980)and Obradovi¢ (1981). For the last time it was found

on salty habitats near Novi Sad in 1985.
It has disappeared from the surroundings of Novi Sad; it is very rare in

Vojvodina and belongs to the group of endangered taxa (Tomovi¢ et al.,
2009). (Fig. 7. o, 8.)
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Fig. 7. — Localities at the territory of Novi Sad from which Blackstonia perfoliata subsp.
serotina ® and Plantago maritima subsp. maritima m are extinct
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Fig. 8. — Distribution of Blackstonia perfoliata subsp. serotina in Vojvodina
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Fam.: Plantaginaceae
Plantago maritima L. 1753 subsp. maritima

P. maritima represents the aggregate that is constituted of proportionally
large number of subspecies distributed in different parts of the northern hemi-
sphere. The populations from Serbia (Vojvodina) belong to typical subspecies
maritima. General distribution P. maritima subsp. maritima covers almost en-
tire Europe, towards the East to Middle Asia and Mongolia; it is also present in
North and South America (Jankovi¢, Gajié, 1974). In wider sense, it be-
longs to Euro-Asian floristic element (Stevanovic, !).

It is present in larger part of Europe, from the North of Scandinavia and
Baltic and Atlantic coastline, to Spain, northern Italy and Pannonian Plain in
the South. It is absent from the Balkan peninsula except in several localities on
the Adriatic coastline (Stevanovi¢, !). Plantago maritima subsp. maritima grows
on salty localities with the largest concentration of salt, as well as on muddy,
salty habitats (S 0 6, 1968).

In Serbia, it grows only in certain parts of the Pannonian region in Backa
and Banat. The first data for the territory of Novi Sad is from 1915 (Kupc-
sok, 1915); for the last time it was recorded on salty habitats together with
Blackstonia perfoliata subsp. Serotina in 1985. In this locality, it was present
on one of the southern borders of distribution in Serbia.

Plantago maritima subsp. maritima belongs to the category of endangered
or vulnerable species in Serbia, which has disappeared from the territory of
Novi Sad (Novo Naselje) (Fig. 7. m, 9.)

Fig. — 9. Distribution of Plantago maritima subsp. maritima in Vojvodina
(Apro,2001) corr.
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Fam.: Lamiaceae, Subfam.: Nepetoideae, Tribus: Salvieae
Salvia nutans L. 1753

General distribution of this species covers the Pannonian and Vlaska
plains, Dobruja, Bessarabia, Crimea and steppes in Ukraine to the northern
Sub-Caucasus (Budak, 1999). It belongs to Pontic-Pannonian floristic ele-
ment. In the Pannonian Plain, it is considered a postglacial steppe relict (S 0 0,
1968). It grows on loess plains and steppes (S 0 0, 1968).

In Serbia, it was present only in Vojvodina (Dik11i¢, 1974), in Backa and
Srem. The first data for the territory of Novi Sad were recorded by Zorkoczy
(Zorkodczy, 1896) on the localities between Novi Sad and Futog. Kupcsok
(Kupcsok, 1915) stated that it grows between Novi Sad and Kisa¢. These
are the only data for the territory of Novi Sad.

Salvia nutans is extinct from the flora of Novi Sad where it was on the
southern border of its distribution in Serbia. In the Red Book of Flora of Serbia
— 1, it was described as an extinct taxon (Bud ak, 1999). (Fig. 10. e, 11.)
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Fig. 10. — Localities at the territory of Novi Sad from which the species Salvia nutans ®
and Allium angulosum m are extinct
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Fig. 11. — Distribution of Salvia nutans in Vojvodina (Bud ak, 1999)

Fam. Alliaceae, Subfam.: Alliaoideae, Tribus: Allicae
Allium angulosum L. 1753

General distribution of A/lium angulosum covers middle and southern
Europe from eastern France and northern Italy across Poland in the east
(Stearn, 1980), across the Balkan Peninsula and the European part of the
Russia to Siberia (BB 1e B, A ceHnoB, 1964). It belongs to Euro-Asian floris-
tic element (S 0 6, 1973). It grows on muddy plains and swamps on wet hay
meadows, sandy marshes, and flooded meadows (S 0 6, 1973).

It grows in Vojvodina, Macva and Sumadija as well as on two localities
in eastern, i.e. southeastern Serbia (Anackov, 2003; 2009).

It is rare in Vojvodina. The first data for Novi Sad is from 1980 Janja-
tovic et. al., 1980) from sandy and salty habitats, where it could not be found
later. It has disappeared from the territory of Novi Sad, Novo Naselje city quarter.
Most probably, it belongs to the category of vulnerable species because of the
vulnerability and appearance of invasive weeds on the habitats. (Fig. 10. m, 12.)

—

D E

I L
Fig. 12. — Distribution of Allium angulosum in Vojvodina (A na¢kov, 2003; 2009) corr.
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Fam: Typhaceae
Typha schuttleworthiiKoch etSonder inKoch 1844

General distribution of this plant covers southern and eastern parts of
middle Europe, from eastern France and northern Italy (C o o k, 1980), to Bal-
kan Peninsula Jovanovi¢, 1986), the Alps and the Carpathian Mountains
(S0 6, 1973). It belongs to middle European floristic element (S 0 6, 1973).
This species grows in fresh waters and on muddy habitats (S o 6, 1973).

For Serbia, there are very few data; it is recorded in eastern (Tomovi¢
et. al., 2009), southeastern, southwestern and central Serbia as well as in Novi
Sad. It was recorded in Novi Sad by Fritsch in 1909 for the first time
(Randelovi¢, 1999), and later Javorka (Javorka, 1925) whose data were
citedbyObradovi¢, 1966;0bradovié,Butorac, 1975;Jovanovié
1986.

Typha schuttleworthii has disappeared from the flora of Novi Sad and
Vojvodina, where it grew in swamp vegetation. In the Red Book of Flora
of Serbia 1, it is stated as critically endangered (Randelovi¢, 1999), i.e.
endangered species (Tomovi¢ et. al., 2009). (Fig. 13, 14.)
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Fig. 13. — Locality at the territory of Novi Sad from which the species Typha schuttleworthii ®
is extinct
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Fig. 14. — Distribution of Typha schuttleworthii in Vojvodina (Randelovic¢, 1999)

CONCLUSION

This paper describes 9 autochthonous taxa, which disappeared from the
flora of Novi Sad.

Suaeda maritima subsp. Pannonica is a Pannonian endemic plant, char-
acterizing the alliance Thero-Salicornion Tx. 55. In Serbia, it is considered as
a much-endangered taxon. The only data regarding this plant for Novi Sad is
from 1974.

Androsace elongata subsp. elongata belongs to Pontic floristic element
in the alliance Festucion rupicolae So6 (29) 40 corr. So6 64. It was found in
Novi Sad only once in 1988. It has disappeared from the flora of Vojvodina.

Cirsium boujartii subsp. boujartii belongs to Pannonian floristic ele-
ment, and it is distributed in Romania and Hungary. It creates groups of the
alliance Onopordion Br.-Bl. 26. The only data for Novi Sad is from 1925. It is
extinct from the flora of Serbia.

Aster sedifolius subsp. canus is a taxon of Pannonian-Pontic floristic ele-
ment and it is an edificator of the alliance Festucion rupicolae So6 (29) 40 corr.
So6 64. It was recorded for the first time at the territory of Novi Sad in 1939
and it was found in 1974 for the last time. Today it is an endangered taxon in
Serbia (Vojvodina).

Blackstonia perfoliata subsp. serotina is of Central-Eastern Mediterranean-
-Sub-Mediterranecan-Western Pontic-Pannonian floristic element, and it is an
edificator of the alliance Nanocyperion flavescentis W. Koch 26. The first data
for Novi Sad were from 1896, 1915, and 1916, and in 1985, it was found for the
last time. In Vojvodina, it is rare and belongs to the group of endangered taxa.

Plantago maritima subsp. maritima characterizes the vegetation of the class
Festuco-Puccinellietea So6 68, and in wider sense, it belongs to Euro-Asian
floristic element. The first data for Novi Sad were from 1915, and for the last
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time it was recorded in 1985. It grows only in Backa and Banat. In Serbia, it
belongs to the group of endangered or vulnerable subspecies.

Salvia nutans belongs to Pontic-Pannonian floristic element and steppe,
postglacial relicts. It is the characteristic species of the alliance Festucion
rupicolae So6 (29) 40 corr. So6 64 u Danthonio-Stipion stenophyllae So6 47.
corr. 71. The only data for Novi Sad and its territory were from 1896 and 1915.
This species is extinct from the flora of Serbia.

Allium angulosum is the species from the alliance Molinion coeruleae W.
Koch 26 and belongs to Euro-Asian floristic element. The first data for Novi
Sad were from 1980, where it could not be found later. In Serbia, it belongs to
vulnerable species.

Typha schuttleworthii is middle European floristic element and is char-
acteristic for the alliance Phragmition communis W. Koch. 26 emend. So6 47.
The first data for Novi Sad were from 1909, and the last data were from 1925.
In Serbia, it is an endangered species.

Abbreviation: corr. — corrected map of distribution
(Stevanovi¢, !) additions and suggestions of Professor Vladimir Stevano-
vi¢, PhD, corresponding member of SASA
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HEKU UITYE3JIN BUJbHU TAKCOHU CA TTOAPYYJA HOBOI' CAJTIA
N BUXOB CTATYC YTPOXXEHOCTH Y BOJBOAMHU 1 CPBUIN

JKapxko C. Baxuh', Anexca C. Kuexesuh?, ITan I1. Boxa'

! Vaupepsurer y Hosom Cany, ITIpuponso matematuuku paxyiteT — JenapTMan 3a
6uonorujy u exosorujy, Tpr ocureja O6panosuha 2, 21000 Hosu Can, Cpouja
2 Vuusepsurer y Hosom Cany, Iossonpuspennu daxyntet, Tpr Jlocuteja
O6panosuha 8, 21000 Hosu Can, Cpouja

Pe3ume

Ha tepurtopuju rpaga Hosor Cana naHac ¢y CKOpO MOTHYHO YHUIITEHA MpH-
POZAHA CTaHMIITA, KA0 M OMJbHU TAKCOHM KOjJU Cy MX KapakTepucaiu. Pasior HectaHka
MIPUPOJHUX CTAHUIITA j& IMPEhe NPUTPAJICKUX HAceJba, IITO je He3ayCTaBJbUB MPO-
nec. Ha TMM craHuIITHMA Cy TIpe JBaJIeCeT M BUIIIE FOJAMHA paciii OUJbHH TaKCOHH
crienu(pUYHHU 3a BIa)KHE, CIIATUHCKE U MelIvapcke eKocucTeMe. Y 0OBOM pafy je mpH-
Ka3aHo JIeBeT TakcoHa (Suaeda maritima subsp. maritima, Androsace elongata subsp.
elongata, Cirsium boujartii subsp. boujartii, Aster sedifolius subsp. canus, Blackstonia
perfoliata subsp. serotina, Plantago maritima subsp. maritima, Salvia nutans, Allium
angulosum v Typha schuttleworthii), xoju cy y IpOUUIOCTH YHHUIIA CACTABHH JI€0
aytoxtone (aope Hosor Cana. Bynyhu na oBu Takconu Hucy Hal)eHU Ha TepeHy JTyxe
on 21 ronune, a Heku Yak 93 roaune, HecTamu cy u3 ¢uope okonrHe Hosor Cana.

KJbYYHE PEUU: dnopa, nmruezaBame, HoBu Can, cranumre
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HERBARIUM BUNS — PLANT GALL COLLECTION

ABSTRACT: The plant gall collection is part of the Herbarium BUNS collection,
University of Novi Sad. Collection began with the formation in 1976, and as a unique type
of collection in Serbia, it has existed for 35 years. Today’s collection Herbarium cecidologicum
is made of two units — Plant gall collection (dried specimens) and database, and includes 438
data: 294 data for dried specimens and 144 collected literature data about the distribution
plant galls.

Galls collection has multiple significances: assessment biodiversity (diversity of plants
and diversity of causers), estimate the population status of certain causers taxa, primarily
invertebrates, monitoring the spread of pests, which usually occurs in population of the
cultivated species. Collecting data in one database, providing data on new plant gall species
and distribution on both challengers as well as host plants is one of the main tasks of this
collection.

KEY WORDS: causer, gall, plant collection, plant-hosts

INTRODUCTION

Natural history collections are valuable source for biodiversity studies.
They provide a unique ability to review data for a long time. On the data stored
in museum, collections are based on contemporary research: the loss and frag-
mentation of habitats, biological invasion, and the consequences of global cli-
mate changes (Suarez and Tsutsui, 2004).

With its, mostly unusual structure, plant galls attracted the attention of
naturalists from ancient times. However, plant galls should be distinguished
from distortion of plant tissues, resulting from the feeding of certain groups
of insects, when as part of “healing” damaged tissue leads to its thickening or
twisting of leaves, so the caterpillar could be fed within them. Plant galls rep-
resent a kind of association between the two organisms, in which the gall caus-
ers is a parasite, and a plant whose tissue forms gall is a host. The definition that
most defines the galls is: 4 gall is an abnormal growth produced by a plant or
other host under the influence of another organism. It involves enlargement

* Corresponding author: Milica Rat — milica.rat@dbe.uns.ac.rs
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andy/or proliferation of host cells and provides both shelter and food or nutri-
ents for the invading organism (Redfern and Shirley, 2002).

Herbarium BUNS is the official botanical collections at the University of
Novi Sad, Faculty of Sciences, Department of Biology and Ecology, regis-
tered in the Index herbariorum (Holmgren and Holmgren, 2003), and
it is equivalent to the museum’s collection, with the base at the University.
Within the herbarium, there are 14 separated collections, one being a Plant
gall collection (Herbarium cecidologicum), which is the result of collecting
materials for floristic researches. This collection stands out, since plant gall
collections are often part of gall causers’ collections. Because of the great diver-
sity of gall causers species (causers can be bacteria, algae, fungi and animals)
the existence of separate collections, due to the type of causer is justified, and
the largest collection of plant galls are part of entomological collections. In
Serbia, the most important is the collection of Duska Simova-ToSi¢, deposited
in the Natural History Museum in Belgrade.

Plant gall collection in herbarium BUNS is formed in 1976, when the first
plant galls were collected. After that, there has been continuity in the collecting
of the galls in the field and the literature data. Galls have been collected mainly in
Vojvodina (Serbia) because of the intensive field research in the Pannonian part of
Serbia during the last four decades. By 1976, there was no collection of galls at the
former Institute of Biology (present Department of biology and ecology), which
was why they were dried and deposited as part of the herbarium collections.

The most important collector is Dr. Pal Boza, who collected approxi-
mately 90% of the material in the collection. Beside him, there are many re-
searchers that are known for their work, such as Dragisa Savi¢, Predrag
Radisi¢, Dr. Goran Anackov, and Ranko Peri¢. Nowadays, the collection of
material is expanded to the Balkan Peninsula and other regions where scien-
tific expeditions are organized. Research of plant galls has several goals: up-
dating knowledge of diversity and distribution of the galls, recording new
species whose causers are invasive and/or potentially invasive species in the
studied area, and that are developed in an economically important cultivated
species. In accordance to the principles of sustainable development, for already
existing dried material of plant galls, presently only data on the distribution are
collected with additional photo documentation. All of these data are included
in the general herbarium database.

MATERIAL AND METHODS

Plant gall collection is organized in two separate systems: a collection of
dried specimens and an electronic database.

The galls collection consists of dried specimens, collected in the period
from 1976-2010, during regular field research. Galls, whose causers are ani-
mals, were collected at different life stages and therefore there are no larval
forms for all specimens in the collection. Plant galls were identified by indi-
rect methods — based on the determination of the host plant.
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The plant material was determined by standard keys for the determina-
tion of the study area Javorka, 1925; Josifovi¢, 1971-1977; Sarié,
1986; 1992). Nomenclature of plant taxa has been aligned to the contemporary
monographs and checklists (Greuter, 1984; Greuter, 1986; http:/ww2.
bgbm.org/EuroPlusMed/; http:/plantnet rbgsyd.nsw.gov.au/iopi/iopihome.htm),
the systematic of plant species is given according to the phylogenetic system
(Takhtajan, 2009). Plant material with galls was dried in dark, dry place
and then deposited in cardboard boxes with lids, measuring 5x8x12 cm and
5x8x19 cm. The collection undergoes periodic treatment at low temperatures
when the material is stored in a cold chamber at the temperature of -16°C, for
20 days and then treated with insecticides.

Plant gall causers were identified by using the keys for the determination
of the gall(Moesz, 1938; Ambrus, 1970,1974; Redfern and Shirley,
2002; Bijkerk, 2011), which provide an overview of the plant galls, by iden-
tifying host plant, morphology and the part of plant that is infected (B oZa,
1983a). For plant galls that are found with larvae, the larvae are preserved in
50% alcohol solution and deposited along with the plant material. Systematic of
gall causers is given according to the phylogenetic system (Fauna Europaea
(2011); Garrity, 2005).

Electronic database of plant gall collection in herbarium BUNS is a central
part of the herbarium. It is based on data collection, literature data (Moe sz,
1938; Ambrus, 1970, 1974; Simova-Tosic, 1965, Radoici¢, 1994),
and personal communications. Where possible, data for each specimen is con-
nected with photorecord(s), as part of the database. The objectives of the da-
tabase are:

- Recording information about the plant galls, their host plants and causers

- Reconciliation of the known data for the galls, their hosts, and causers

- Quickly and efficiently searching the collection

- A basis for interdisciplinary research of flora and fauna, flora and bacte-
riology

RESULTS AND DISCUSSION

Plant gall collection (Herbarium cecidologicum) is a special collection of
herbarium BUNS and it is built from two units — a collection of dried specimens
and electronic database. In the collection are deposited 294 dried specimens,
organized chronologically, and electronic database contains information for
the stored specimens, the data from literature and personal communications.
The database consists of 438 row data, and it can be searched by the host plants,
causers, regions, sites, and the date of collecting according to the source. In
the collection, database (including photo documentation) and the book of evi-
dence galls are recorded with numbers from 70000001 to 70000438. In this
paper, plant gall causers are presented. All other information is available on the
website presentation of Herbarium BUNS [http:/www.dbe.uns.ac.rs/o_depart-
manu/laboratorije/herbarijum].
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Plant gall causers

Aceria artemisiae (Canestrini 1891)

Aceria campestricola (Frauenfeld 1865)

Aceria cerrea (Nalepa 1898)

Aceria erinea (Nalepa 1891)

Aceria fraxinivora (Nalepa 1909)

Aceria macrochela (Nalepa 1891)

Aceria macrocheluserinae (Trotter 1902)

Aceria salviae (Nalepa 1891)

Agrobacterium tumefaciens Smith & Townsend 1907

Andricus caliciformis (Giraud 1859)

Andricus caputmedusae (Hartig 1843)

Andricus conglomeratus (Giraud 1859)

Andricus coriarius (Hartig 1843)

Andricus coronatus (Giraud 1859)

Andricus corruptrix (Schlechtendal 1870)

Andricus curvator (Hartig 1840)

Andricus foecundatrix (Hartig 1840)

Andricus gemmeus (Giraud 1859)

Andricus hungaricus (Hartig 1843)

Andricus kollari (Hartig 1843)

Andricus lignicolus (Hartig 1840)

Andricus lucidus (Hartig 1843)

Andricus multiplicatus (Giraud 1859)

Andricus quercuscalicis (Burgsdorff 1783)

Andricus quercustozae (Bosc 1792)

Andricus solitarius (Fonscolombe 1832)

Andricus testaceipes (Hartig 1840)

Andricus truncicola (Giraud 1859)

Andricus vindobonensis Mullner 1901)

Anthocoptes octocinctus (Nalepa 1894)

Aphelonyx cerricola (Giraud 1859)

Apiomyia bergenstammi (Wachtl 1882)

Asphondylia cytisi (Frauenfeld 1873)

Asphondylia melanopus (Kieffer 1890)

Asphondylia miki (Wachtl 1880)

Asphondylia ononidis (L oew 1873)

Augasma aeratella (Zeller 1839)

Biorhiza pallida (Olivier 1791)

Brachycaudus helichrysi (Kaltenbach 1843)

Brachycolus cerastii (Kaltenbach 1846)

Cecidophyes galii (Karpelles 1884)

Ceutorhynchus constrictus (Marsham 1802)

Colopha compressa (K och 1856)




Contarinia coryli (Koltenbach 1859)

Contarinia craccae (Kieffer 1901)

Contarinia loti(De Geer 1776)

Contarinia medicaginis (Kieffer 1895)

Contarinia melanocera (Kieffer 1904)

Contarinia subulifex (Kieffer 1897)

Contarinia tiliarum (Kieffer 1890)

Craneiobia corni (Giraud 1863)

Cryptosiphum artemisiae (Buckton 1879)

Cynips agama (Hartig 1843)

Cynips longiventris (Hartig 1840)

Cynips quercus (Fourcroy 1785)

Cynips quercusfolii(Linnaeus 1758)

Dasineura affinis (Kieffer 1886)

Dasineura bayeri (Rubsaamen 1914)

Dasineura crataegi (Winnertz 1853)

Dasineura fraxinea (Kieffer 1907)

Dasineura szepligetii (Kieffer 1909)

Dasineura urticae (Pessir 1840)

Dasyneura marginemtorquens (Brem i 1847)

Dasyneura potentillae (Wachtl 1885)

Dasyneura viciae (Kieffer 1888)

Dichrona gallarum (Rubsaamen 1899)

Diodaulus linariae (Winnertz 1853)

Diplolepis rosae (Linnaeus 1758)

Diplolepis mayri (Schlechtendal 1877)

Diplolepis nervosa (Curtis 1838)

Diplolepis spinosissimae (Giraud 1859)

Dorytomus taeniatus (Fabricius 1781)

Drisina glutinosa (Giard 1893)

Dryomyia circinans (Giraud 1861)

Dysaphis crataegi (Kaltenbach 1843)

Epitrimerus trilobus (Nalepa 1891)

Eriophyes pyri (Pagenstecher 1857)

Eriophyes viburni (Nalepa 1889)

Eriopyes tiliae (Pagenstecher 1857)

Euura testaceipes (Brischke 1883)

Geocrypta galii (Loew 1850)

Hadrobremia longiventris (Kieffer 1909)

Hartigiola annulipes (Hartig 1839)

Jaapiella genisticola (Loew 1877)

Jaapiella veronicae (Vallot 1827)

Janetia cerris (Kollar 1896)

Janetia nervicola (Kieffer 1909)

Janetia pustularis (Kieffer 1909)
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Janetiella oenephila (Haimhoffen 1875)
Lasioptera rubi (Schrank 1803)
Lipara lucens Meigen 1830)
Liposthenes glechomae (Linneaus 1758)
Liriomyza urophorina (M ik 1894)
Loewiola centaureae (L o e w 1875)
Mecinus collaris (Germar 1821)
Mikiola fagi (Hartig 1839)
Neuroterus minutulus (Giraud 1859)
Neuroterus numismalis (Fourcroy 1785)
Neuroterus quercusbaccarum (Linnaeus 1758)
Neuroterus saliens (Kollar 1857)
Ortezia urticae (Linnaeus 1758)
Pemphigus borealis (Tullgren 1909)
Pemphigus protospirae (Lichtenstein 1885)
Pemphigus spyrothecae (Passerini 1860)
Phorodon humuli (Schrank 1801)
Phyllocoptes goniothorax (Nalepa 1889)
Phytoptus tetrarinchus (Nalepa 1890)
Pontania pedunculi (Hartig 1837)
Pontania vesicator (Bremi-Wolf 1849)
Pontania viminalis (Linnaeus 1758)
Prociphilus bumeliae (Schrank 1801)
Psyllopsis fraxini (Linnaeus 1758)
Rabdophaga terminalis (L oew 1850)
Rhopalomyia baccarum (Wachtl 1883)
Roepkea marchali (Borner 1931)
Sacchiphantes abietis (Linnaeus 1758)
Schizomyia galiorum (Kieffer 1889)
Semiaphis anthrisci (Kaltenbach 1843)
Sibinia femoralis (Germar 1824)
Spurgia esulae (Gagne 1990)
Synophrus politus (Hartig 1843)
Tetramesa hordei (Harris 1830)
Thecabius affinis (Kaltenbach 1843)
Trigonaspis megaptera (Panzer 1801)
Wachtliella persicariae (Linnaeus 1767)
Zygiobia carpini (Loew 1874)

The collection contains the recorded data on the distribution of 227 plant
gall species or causers, belonging to 65 genera, and 17 families. These galls are
formed on the 132 plant species, belonging to 78 genera, and 41 families. For
the Pannonian part of Serbia 377 data have been recorded and for the Balkan

61 data have been recorded.
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More different plant galls occur on the herbaceous plant than on woody
and bushy plants. Analyzing plant genera as hosts for different gall causers
species, two plant genera stands out and they are: Quercus L. (oak, 61 species
of galls) and Salix L. (willow, 30 species of galls). These species are the build-
ing constituents of natural habitats and anthropogenic, landscaped areas
(parks, alleys). In the group of herbaceous plants galls, the most of galls were
recorded for the genus Artemisia L. (mugwort, eight species of galls). Plant
galls on the woody species are most commonly developed on the leaves. In
herbaceous plants, galls are developed in equal measure on the flowers
(inflorescence) and leaves. Of biological importance is to emphasize that
out of 410 analyzed plant galls, 77 are developed on the generative organs;
disproportion of the population of the plant host and causers could have nega-
tive impact, both on the causers and the host plants populations; recording the
related causer species that are nonindigenous, could have a negative impact
for the generative reproduction of host plants and thereby weaken the ge-
netic potential of the population.

Plant gall, whose causer is Diplolepis rosae (Linnaeus, 1758) has the
largest distribution and it can be assumed to be distributed along the entire
real of Rosa canina L. 1753 and its related species. The species of the genus
Tilia L., Ulmus L., Vitis L. and Rubus L. are often gall hosts as well, primarily
galls occurs on the leaves and branches. The trees of these species in certain
localities bear plant galls in almost all leaves.

Species Agrobacterium tumefaciens Smith & Townsend 1907, is
a frequent causer of galls in woody dicots, and in the database collection it was
recorded for only two host species.

For all other galls, which are deposited in the herbarium, causers are ani-
mals, belonging to the classes: Arachnida (Cuvier, 1912) and Insecta (Lin -
naeus, 1758). The most of the causers belong to genera Eriophyes Siebold,
1851 (Eriophyidae, Arachnida) and Andricus Hartig, 1840 (Cynipidae, In-
secta).

CONCLUSION

There is no doubt that this coevolutional solution and the degree of adap-
tation of organisms to survive, is a unique natural phenomenon. However, the
weak interest of researchers for the collection of such materials has resulted in
small number of plant gall collections both in Serbia and in general. Most of
the scientific collections do not have a plant galls or they are not adequately
processed, classified, and as such become available to scientific, professional
and general public.

Collection of Herbarium BUNS is one of the few scientific collections
having this type of natural materials in its depots. In terms of knowledge of
species and the coevolutional relationship of plants and gall causers, this col-
lection highly contributes to the general knowledge of biodiversity.
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XEPBAPUJYM BUNS — KOJIEKLIUJA TAJTA

Mununa M. PaTl, Topan T. AHauKOB'

'Vausepsuter y Hosom Cany, IIpuponHo-MaTeMaTHuKH GakyaTeT, JenapTMaH 3a
ouonorujy u exosorujy, Tpr Jocureja O6panosuha 2, 21000 Hosu Caxn, Cpouja

Pe3nme

CaBpeMeHa UCTpakHBamba OMOJMBEP3UTETa Hajuenthe MovunBajy Ha 10 caja o0ja-
BJbCHUM TO/IALlMMa y JIUTEPATyPH U [OJALMMA KOjH Cy ACTIOHOBaHU y GHOJIOLIKUM KO-
nekumjama. 360r Tora je OCHOBHY L{MJb U 3a/laTak CBUX JaBHUX KOJICKLMja 1a MoAaIu
0 eKcHKaTuMa Oyay ToOpo OpraHn30BaHNU y ENEKTPOHCKE 0a3e MmojaTaka, Koje nMajy
MOT'YhHOCT jeTHOCTaBHOT 1 OP30T MpOHAJTaKeHha Pa3TMYUTHX TUIIOBA MOAATaKa U UH-
tdhopmanuja.

XepOapujym BUNS je 3BannyHa OotaHnuka 30upka YHuBepsutera y HoBom
Cany n 'y 10j je nenoHoBano oko 110.000 ekcukara, opraHn3zoBaHuX y 14 xojexnuja.
Jenny o KoyieKIMja YMHU ¥ 30MpKa raja (MIHLIKY, Heln1ja), Koje Cy caKyIbaHe TO-
KOM (MJIOPHCTHYKHX HCTPaXMBamba, a HAKOH TOTa U ICTCPMHUHNCAHE U CadyBaHE Kao
Herbarium cecidologicum. OBa xonexuuja, ca mparehom 6a3oM nmogaraka, mpeicTaBiba
HeNpoLewnuB n3Bop uHdopmanuja o ranama y Cpouju, Ousbkama — nomahMHUMA U U3a-
3MBavYMMa, OJHOCHO O FBbHXOBOj AUCTPUOYLIHjH. 30MpKy unHe 294 excukara u mpexo 100
JUTEPaTyPHUX HABOAA M YCMEHUX CAOINIITCHA O TUCTPHOYLHUjH Tajla Ha TOAPYYjy
CpOuje.

KJbYUHE PEYM: Ouspka-nomahus, OuspHe KOJEKLH]jE, Talle, Y3POUHUK
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CHARACTERIZATION OF SAND BOILS
WITH GRADING ENTROPY

ABSTRACT: Grain size and grain distribution by size are dominant factors deter-
mining soil behaviour. The shape and position of a grain distribution curve contain im-
plicit information about the propensity of sand boiling or piping at flood conditions. The
author used 1040-grain distribution curves taken from 12 sand boil locations to study the
relationship between sand boils, hydraulic soil failures and entropy. The results have justi-
fied the hypotheses and indicated some fairly important details for practical consideration.
Calculating grain distribution entropy is not “magic” with mathematics: it simply helps put
the expected behaviour of soils into a different perspective and promotes orientation for
classifying soils according to a new parameter related to grain movement.

KEY WORDS: dike failure, entropy, grain size distribution, sand boil

INTRODUCTION

Boil formation and sand boiling failures are relatively infrequent loss events
in the history of dyke breaches in Hungary. Boils normally form in intersections
with old riverbeds in locations where one can observe the intercalation of grain-
ier soil, which is different from its environment (N a g y, 2000). Past experience
suggests that only a small percentage of boils actually terminated in disaster
(Nagy, 2004), the threat has been localised most of the time (presumably due
to efficient flood control measures, e.g. the boil at Csongrad in Photo 1). A series
of detailed subsoil studies (N a gy, 1993) performed along 4200 km of Hungar-
ian flood control dykes between 1984 and 1996 revealed that the number of
shorter or longer sections with soil failure potential is so large (over 1500) that
efficient protection can only be expected at locations where the phenomena as-
sociated with boil formation are visible.

*  Corresponding author: Laszlé Nagy, University of Techniques of Budapest, Depart-
ment of Geotechnics Milegyetem rkp. 3., 1111 Budapest, Hungary.
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Photo 1. — The boil at Csongrad

Grain size and grain distribution by size are dominant factors determin-
ing soil behaviour. The distribution of soil grains by size has been studied for
a long time and grainy soils are named based on information provided by
grain distribution curves. The direct of use the various parameters of a grain
distribution curve, such as grain sizes associated with percentage values, the
coefficient of irregularity, etc. is mostly limited to judging compatibility and
various water and grain movement phenomena. Indeed, these quantities pro-
vide a relatively good characterization of soils with grain distribution curves
showing calm, regular shapes or a narrower diameter range, but the rules de-
rived from these relationships lose validity as soon as grain distribution is ir-
regular, i.e. the rules have no general validity. Taking the grain distribution
curve fully into account would obviously improve the accuracy of rules based
on grain distribution, such as the calculation of permeability.

THE DEFINITION OF ENTROPY

Entropy is a term used to describe the degree of disorder of a statistical
population in the theory of probability. It is easy to calculate it for the grain
distribution of soils. The distribution by size of grains in a soil is determined
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by fractioning with a set of screens or a sedimentation experiment or fre-
quently by using both methods simultaneously.

When soils are screened, each frequency value will reflect the propor-
tion of the total screened volume that belongs to a screened fraction. Frequen-
cies are added up based on the fractions falling through the screens that cor-
respond to fraction boundaries and by doing so we get a grain distribution
curve (L6rincz, 1986, 1993)

The closer the aperture size of the screens in a stack, i.e. the narrower the
fractions are, the greater the accuracy of the ordinates of a grain distribution
curve will be. As there is not much practical use of narrowing fractions down,
the following aperture sizes in a screen set are becoming quite standard in
Hungary:

d (mm) = (0.063), 0.125, 0.25,0.5, 1,2, 4, 8, ...,

That is to say, the aperture size of the next screen in a set is twice the
aperture size of the previous screen.

The calculation method introduced to determine the grain distribution
entropy of soils is based on the assumption that the screen set described above
has been used; and in case another screen set was used for the purposes of
identifying grain distribution, the grain distribution curve itself will have to
be split at the fraction boundaries and then calculate the frequency of the re-
sulting fractions.

As each fraction covers a different width diameter range, the C number
of elementary cells in a fraction will vary in case z elementary cell width is
identical (L 6 rincz, 1986, 1993). To ensure that subsequent calculations suit-
able for determining the grain distribution entropy of even colloid state sub-
stances (i.e. that they have positive entropy) we need to select an extremely
small z elemental cell width. The following elemental cell width was applied:

z=2"mm

It is worth mentioning that elemental cell width was set at z = 2> mm in
other application areas of grain distribution entropy mainly to ensure the com-
prehensive use and generalization of the term (L drincz et al., 2005, 2008).
The value selected for this study (z = 27 is suitable for the purpose as we
examined the behaviour of natural soils.

INTRINSIC ENTROPY

The mass of grains in the elementary cells of a fraction with uniform dis-
tribution will be equal, i.e. the frequency of every elementary cell is identical
(Lérincz, 1986, 1993):

o =—
C
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where C is the number of elementary cells in a fraction. The intrinsic
entropy of fraction i is:
1 I I
S, =——Cil —In—
Y In2 [Cf G]

_InCi

In2

To illustrate the above, let us calculate the intrinsic entropy of a few screened
fractions.

- the diameter range of the 1-2 mm fraction is 1 mm.
- the number of elementary cells in this fraction is:

hence:

)

o

C- !mm

ST =2" cells
mm

- intrinsic entropy:
. In2" 17In2
(R N L LT
In2 In2

The intrinsic entropy of the 2-4 mm fraction is:

C= 2mm 5 %918
27 mm

S:H =18

and so on. The difference between the intrinsic entropy values of subse-
quent fractions is 1. That is due to doubling the width of subsequent fractions
and, concurrently, the radix of the logarithm is also 2.
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Fig. 1. — The intrinsic entropy S, and cell numbers C; of the fractions for the recommended and
applied elementary cell width z
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THE ENTROPY OF SOILS SPLIT INTO FRACTIONS

Screens are used to split the soil into fractions or the grain distribution
curve derived from a sedimentation experiment is “fractioned off”, while dis-
tribution within fraction boundaries is assumed to be uniform. The frequency
of fraction i is represented as x;.

n
Z x, =1
=

Hence respective fraction frequencies are:
Xl X2, weey Xp

The number of elementary cells in fraction 7 is C;. In the case of uniform
internal distribution in the fractions, the intrinsic frequency of these cells is:

Xy Xy X
o, =—t,a,="2,.0,6 =
Cl CZ Cn
Entropy value is:
T——L S x.Inx +Lirln£‘f’ 2
‘ m2<"" 7 m2& @

A comparison of the first addend with formula (3) reveals that it is noth-
ing else but the AS increment of entropy growth resulting from mixing the
fractions.

Let us select element i from the second addend of the formula:

In€, _ x,S,; » see formula (1)
In2

X

1

Hence, this is the product of multiplying the intrinsic entropy of fraction
i with the frequency of the same fraction. Accordingly, the second addend of
expression (2) can be rearranged as follows:

Sy = Zn:xiSOi
i=1

where x;= the frequency of fraction i,
Soi= the intrinsic entropy of fraction 7.

We call this entropy Sy of the soil before mixing base-entropy.
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AS INCREMENT OF ENTROPY

We can say based on the entire formula (2) that soil grain distribution
entropy equals the sum of the base-entropy before mixing and the incremental
entropy growth that results from mixing (Imre et. al., 2008):

S=S§,+AS
Based on the definition, incremental entropy growth AS is:

AS =—$inh X, 3)

i=1

When two systems are mixed, the grain distribution entropy of the re-
sulting mixture will remain unchanged or will increase. If a soil is mixed with
itself, the grain distribution entropy of the “mixture” will not change, whilst
mixing different soil types will always result in entropy growth. Entropy
growth reaches its maximum at 50-50% mixing ratio.

1 \
AS
0,5
0
1| "A" kemponent 05 — 0
e T "B" komponent
0 0,5 1

Fig. 2. — The increments of entropy growth as a function of the ratio of mixing

AS CHANGE OF ENTROPY GROWTH

As Fig. 2 suggests, the entropy of a mixture containing two components,
both with zero entropy, will change in line with the ratio of mixing and will
peak when the ratio of the two components is the same. Increasing the number
of components will result in an absolute increase of incremental entropy
growth (or mixing entropy). The incremental entropy growth of mixtures con-
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taining an arbitrary number of components will reach a maximum when the
frequency of the fractions is identical, i.e. with F" as the number of fractions,
then in case:

Using these frequencies, the incremental value is:

AS, .. = —ﬁ F(éh éj
hence h F
max E .
The maximum incremental entropy growth for a given width range is

obtained when fraction frequencies are identical. Maximum entropy growth
depends on the fraction number F.
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*F" fraction number

Fig. 3. — The effect of the number of fractions in a mixture on the maximum value
of mixing entropy

Based on the findings of a large number of laboratory mixing experiments
we can safely say that the soil with Sy fundamental entropy at close to 2/3 of
the range will provide the most compact skeleton from among the possible
infinite number of mixtures of different grain distribution within a range of
grain width (L 6 rincz, 1986, 1993), i.c.
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SO = S + 2/3(SOmax - SOmin)

~ ~0min

where Sonax= the intrinsic entropy of the coarsest soil fraction, and
Somin= the intrinsic entropy of the finest soil fraction.

APPLYING GRAIN DISTRIBUTION ENTROPY TO TRANSIENT PHE-
NOMENA

If grains can be washed out of a soil, grain distribution will be altered
and the original conditions of grain distribution will not be upheld any longer.
Only soils that withstand suffusion are suitable for the purpose of soil filtra-
tion, and designs rely on their grain distribution (Lérincz et al.,, 2004,
2005).

Demixing may occur during filter placement, which may lead to a com-
plete modification of the parameters taken into account during screening tests.
Earlier experience (L 0 rin ¢ z, 1986, 1993) suggests that soils with grain dis-
tribution curves that cover ranges of 4 or fewer fractions either continuously
or incompletely are not susceptible to suffusion because the coarsest fraction of
the range of 4 fractions can be used as the filter of the finest fraction. It is obvi-
ous that no mixture of these fractions, regardless of proportion, lends itself to
suffusion. The propensity to suffusion can be studied based on the grain distri-
bution curve of soils covering ranges wider than 5 fractions. Including AS/InF
values, Fig. 4 helps evaluate internal grain movements (AS stands for entropy
growth, F represents the number of all fractions potentially included in a grain
distribution range), which can be calculated with this equation:

S,—S

A — 0 0 min

S

0 max O min

depending on normalised entropy. The curve shows symmetry with the
axis 4 = 0.5, curve data include the AS/InF values of what are known as dis-
tributions with “optimal” entropy.

In Fig. 4, the ranges labelled “sand boil”, “stable” and “suffusion” have
been identified based on a large number of experiments (L 6rincz, 1986).
Each point in the figure represents a shape of a grain distribution curve, i.e.
the figure is the representation of an infinite number of parallel grain distribu-
tion curves. Points A, B, C and D are highlighted in the figure:

* Point D represents a 1/3-2/3 mixture of only two (the finest and the coars-
est) of fractions of a range covering 5 fractions with the following coor-
dinates: 4 = 2/3, AS/InF= 0.571.

* Point A stands for grain distribution curves containing any number of
fractions, but each fraction is identically filled (see Fig. 4).

* Point B corresponds to soils with 2/3 grain distribution.
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 C shows the point of grain distribution at which entropy is at its maximum,
the coordinates in the present representation are: A=0.79, AS/InF=1.167,
with larger fraction numbers the point shifts towards A=1 on the curve.
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Fig. 4. — Stands for grain distribution curves containing any number of fractions

Experience suggests that fine grains form a matrix before point B in case
A < 2/3, they “lift to disaggregate” the coarse skeleton and the further away
the point is from A = 2/3 in the direction of A = 0 the more intensive, inten-
sive the floatation of coarse grains in the matrix.

If scouring occurs in soils with the propensity to boil, the value of A con-
verges towards 0.5 in the ranges affected by scouring. Scouring with hydraulic
failure shows the same features regardless of the original value of Al

The transition from the matrix of fine grains to coarse grained skeleton
starts above A = 2/3. The transition is very sharp in mixtures of two fractions
and fractions missing, if A is only slightly larger than 2/3, a rough skeleton is
formed and fine grains can freely move or are scoured away.

Transition occurs within the B-C-D range in soils with continuous grain
distribution. In terms of grain movement, this range may be called safe as fine
grains do not form a matrix any longer and no coarse skeleton builds up yet.

Grain distributions beyond point C and those on the right hand side of the
CD line show a skeleton formed by coarse grains with the majority of fine
grains allowed to move freely, hence grain movement and suffusion will begin
among proper circumstances. Normally, relatively small quantities get scoured
away, although larger volumes may also get dislodged from soils with missing
size fractions.

It is validly observed both as regards the sand boil and the suffusion ranges
that the soils in the vicinity of the top boundary curve, which represents the soil
types with optimum entropy, are safer, and the threat of scouring increases as
we move further away from the boundary curve and the lines at which ranges
terminate.
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In the case of hydraulic soil failure, i.e. when soils are completely remixed
and restructured, the point representing the soil moves towards a position
where A = 0.5 regardless of its former position. Changes are of different char-
acter with samples taken from below the waterline. In this case, if the sam-
pling device is not closed, fine grains are washed away while the sample is
lifted and grain distribution will converge from a position near A = 0.5 to-
wards A=2/3 (Lérincz, 1986, 1993).

PRACTICAL EXPERIENCES

We have used data from past events (controlled boils and boil related soil
failures) for the purpose of a practical study of the propensity of sand boil
formation with the help of grain distribution entropy. Data collection was
broad based and we processed over 120 calculations from 104 grain distribu-
tion curves plotted for 12 locations (Tab. 1). Of the soil samples from the 12
test locations, the ones marked No. 4, originating from the dyke failure at
Hosszufok, were from a location without a sand boil as the failure of the dyke
was caused by dispersive soil.

Tab. 1. — From among the levy failures

No. |place Year soil samples
1. | At Kutyatanya slice gate 1987 5
2. | Bolcske-Madocsai dike 79+415 section 1965 17
3. Surany dike failure (photo 2, figure 5) 1991 11
4. Hosszufok dike failure 1980
5. | Malyvad reservoir 4+550 section 1980 5
6. Maros great piping 1970 8
7. At Karaszi-fok slice gate 1986 14
8. Mosoni-Duna 9+250 section 1991 14
9. Duna 23+700 section 1965 14
10. | VITUKI sand boil model soil 1974 1
11. | Dunafalva dike failure 1954 7
12. | Dunakiliti dike failure 1954 4

From among the levy failures listed in Tab. 1, the failure at Surany (Pho-
to 2) is used to illustrate the results of our calculations. The breach occurred
before midnight on August 5, 1991 most probably through hydraulic soil fail-
ure. The grain distribution curves of several soil mechanical drill holes low-
ered during the study of the circumstances of the breach are available (e.g.
Fig. 5). Although a scour hole formed at the location of the dyke breach and
no sample could be obtained from the failed section (it had been washed
away), we had to assume that the undamaged parts of the dyke and the soils
samples taken there represented local conditions accurately.
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Fig. 5. — The grain distribution curves of several soils

The grain distribution curves indicate that poorly graduated, finely grained
soils classified as “stable” or “boil hazard” can be found below the stable silt,
sand with sand meal and silt with sand meal and sand soils near the surface.
The shape of the grain distribution curve of soils posing a “boil hazard” is mostly
regular, and these soils contain 3-4 fractions when analysed for the purposes
of an entropy test. The grain distribution curve indicates that these soils pose
an erosion hazard, have a low boundary gradient of critical hydraulic failure,
and also pose subsoil failure hazard (Fig. 6).

The large sand boil of the Maros River also included a layer that had the
propensity to boil based on grain distribution entropy. It is well known,
though, that the large sand boil of the Maros River was described as “flow
across the dyke via a rotten tree root.” However, the washout of grains was
also observed, hence flood fighters rightly engaged in boil prevention. The
definition of a sand boil is important from this perspective. For the purposes
of fighting floods, it is practical to connect the concept of a sand boil with the
washout of grains, or in other words, it is grain washout that differentiates a
boil from a flow across the dyke. This corresponds to the practical guide of
fighting floods, which requires protection against a boil whenever grain wash-
out is observed on the protected side.

83



Photo 2. — The failure at Surany

Fig. 6. — A low boundary gradient of critical hydraulic failure

In summary of the analysis of entropy in practice we can assert that, ex-
cept for a single instance (the samples of the disperse soil of the Hosszufok dyke
failure, mentioned above) all of the analysed locations contained a layer of soil
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that had the propensity to boil. Simultaneously all of the samples taken from the
Moson branch of the Danube, Dunafalva and Dunakiliti, i.e. from the upstream
sections of the Danube in Hungary belonged to the range of soils that have the
propensity to boil. Mention must be made of the fact that this result is the
same that we know from experience: most of the sand boils were recorded in
that area.

SUMMARY

As regards the evaluation of various transient phenomena, the recognition
that grain distribution curves contain the information needed for a “geometric”
description of this set of occurrences is generally accepted. However, all entropy
values, each of the points in Fig. 4 characterize a grain distribution curve of a
certain shape and represent an infinite number of parallel grain distribution
curves, since the calculation does not differentiate between clay and shingle
with identical curve shapes.

Grain distribution entropy identifies soil types that have low entropy (a
steep grain distribution curve) in quantifiable form and therefore pose the
greatest boil hazard. That requires accurate grain distribution curves, though.
A grain distribution analysis, however, is not capable of matching the accu-
racy required by mathematics in the range of silt-clay grains; hence valid boil
hazard estimates are only possible when grain analysis relies on screening.
Locations for which the measured values of a grain distribution curve are
uncertain do not lend themselves to an accurate calculation of entropy. Grain
distribution curves defined with or without chemicals may show significant dif-
ferences, which will also influence entropy substantially (L 6rincz, Nagy,
1995, 2010).

Soil entropy values may be calculated from grain distribution curves. An
entropy value characterises a grain distribution curve of a certain shape, i.e. a
single entropy value represents an infinite number of parallel grain distribu-
tion curves. However, a grain distribution curve cannot be derived from an
entropy value. As grain distribution curves contain more data than entropy
values, it would be practical to retrace the information gathered from entropy
studies into grain distribution curves. This could be done, for instance, with
the help of a single distinguished point or value of grain distribution curves.
Experience with the description of sand boil formation could be an important
factor in selecting this point.

At present, knowledge concerning the process of sand boils formation
and the internal and external factors leading on to soil failure is limited. We
cannot define parameters of the criteria of sand boil formation, we cannot
unambiguously determine in advance the location and the water level at which
disaster is to be expected and we cannot recommend any other form of preven-
tion but increasing the length of travel of the flow or closing the tube of the boil
when flood levels keep increasing. Nevertheless, this series of tests is another
step taken towards the full understanding of sand boil behaviour and the process
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of sand boil related soil failure. Although the studies relating to boil formation
were intensively pursued in the seventies, they stopped completely in the eight-
ies in Hungary. Now, after the turn of the millennium, it would be practical to
revive our classified knowledge and apply our new level of awareness to increas-
ing our understanding of sand boil related soil failures (L6rincz, Nagy,
1995, 2010). That would be necessary because recurring floods (see Photos 1,
2 and 3) force us to face this problem repeatedly.

Photo 3. — The lowest amount of energy to get restructured though boiling

Grain distribution entropy is a tool (at present for researchers only) that
helps single out soils that have the propensity to form boils. This tool also helps
identify the types of soil that require the smallest hydraulic gradient, the lowest
amount of energy to get restructured through boiling. Bear in mind that all soils
can be washed away provided the hydraulic gradient is sufficiently large and
energy is sufficiently powerful.

Based on the above recommendations are formulated for continuing the
research:

* When studying grain distribution, we frequently pay little attention to
sampling itself. This paper also wished to highlight the reliability of grain
distribution results. As the effectiveness of entropy tests depends funda-
mentally on the reliability of grain distribution data, it would be practical
to learn more about the reliability of grain distribution curves from the
perspective of sampling and screening-wet mechanical analysis, but the
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degree to which the results might help understand field processes is a
question.

+ At present, grain distribution entropy values are only suitable for determin-
ing the geometric potential of boil formation. Laboratory test findings
would be needed to gain an understanding of the hydraulic conditions of
this group of occurrences to create common ground for discussions about
sand boil formation.

* Detailed studies would be needed about the substances washed out from
sand boils along with comparisons to subsoil grain distribution curves. That
could provide unquestionable evidence about whether a site is subject to
suffusion or a boil. The data available for studying substances washed out
of boils based on experience from previous floods are limited. It would
therefore be useful to determine with the help of grain distribution en-
tropy whether it is a single fraction that gets washed out of a soil or grain
movement affects a complete layer.
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OAPEBUBAKE ITPOBUPHE BOJIE CA I'PAIMJEHCKOM EHTPOIIMJOM
Jlacno Haly

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

VY kapmatckoMm OaceHy 4ecTo goisiasu 1o omrehema ondpaMOeHUX HaCHIIA yCIIe
IIPOBUpam-a HaCUIIa U IpoJjioMa Tia Hacuna. [IpoBupame Hacuia ce Hajuelhe jaBjba
y IpeceKy MPTBOT KOPUTA, TAMO T/ CE Pa3IMYUTe CTPYKTYPE 3eMIbHILTA HHPHUITPHU-
pajy jeana y apyry. Jlocajamima HCKyCTBa [10Ka3yjy a caMo MaJjiH MPOLeHaT [IPOBU-
pama JIOBoJIH JI0 KatacTpode; Hajuenthe ce yCcrenrHo JIokaausyjy (BepoBaTHO Kao pe-
3yATar epukacHe ojopaHe).

OO6pahenu cy nopanyu npakTHYHOT UCIIMTHBAKkA HA HACHITUMA CKIIOHUM ITPOBU-
pamy y3 moMmoh KpuBe TpaHyJIOMETPH]CKOj cacTaBa. 3a UCTPAKUBALE Cy KOpUITheH!
MOAALHM KOjU Ccy y3eTH ca 11 yrieqHux Mecta; U3BpILICHO je Buiue ox 112 mpopauyHa,
Ha MECTY IIPOBHpama. EHTPOIH]jy 3eMJBUIIITa MOXXEMO OJIpEIUTH MoMONy KpHBE Tpa-
HYJIOMETPHjCKOT cacTaBa. KBaHTUTATUBHUM HCIIMTUBAKEM CacTaBa Tia (Ha OCHOBY
KpHBE IpaHyJIOMETPH]CKOT cacTaBa) J00M]jajy ce 3eMJBHINTA Ca HICKOM €HTPOIH]OM,
OCeTJbMBA Ha MpoBUpame. CTora MopaMo UMATH TauHy KPUBY IPaHyJIOMETPH]CKOT ca-
cTaBa. Y cilydajy UCIIMTHBAKka MYyJba — ININHE KPUBA PACIIOEIIE CE HE MOXKE OAPEIUTH
ca MmareMaTnukoM TayHohy. [Ipomena moryhHocT npoBupama y Behnnu ciydajeBa
ce MOXKe IPUMEHUTH ca MPOOPaHUM MojauMa JOOUjeHUX HCIIUTUBAKEM CacTaBa.

KpuBa rpanyomMeTpujcKor cacTasa je TaKaB HHCTPYMEHT — TPEHY THO JOLI yBEK
Camo y pyKama HCTPaKiUBaya — KOjH IIOMaKe y IIPEIO3HaBakby T/ CKIIOHOT IPOBUPASY.
Y3 10MOh KpHBe IpaHyIOMETPH]CKOr CacTaBa MOy € OAPEANTH OHa TJIa KO KOJHX je
PECTPYKTYpalln3aliijoM IPOBUpatba Ha HajMamby XUAPAYINYKU IpailjeHT noTpeOHa
HajMama eHepruja. He Tpeba 3a0opaButu Ja ce HajBehuM XuIpayTnukuM IpagnjeHToOM
1 OAroBapajyhoM BEIMKOM €HEPrujoM CBAKO 3eMJBUIITE MOXKE HCIIPATH.

Ha ocroBy noGujennx pesyinrara, Ipi CBaKOM HCIIMTHBAIbY, CaMO Ca JeIHUM H3Y-
3€TKOM OMJIO KaKBOT CJI0ja 3eMJBHUINTA, KOJU aHAJIM30M KPHUBE pacIoiene 3pHala Ipu-
Ka3yje TeHICHIIHN]Y IPOBHPAaha 3eMJBHUIITA. Y OICETy 3eMJBHIITA TIOTOJHHUX 32 IPOBHU-
pame uctpane cy odaie [lynasa, Jlynadenasap u o HeKoIMKO perHux Opojesa ,,/ly-
HakwiuTu’. Ha 0BUM MecTHMA je JIOIII0 J0 IpejioMa OpaHe.

Kpusa pacrniopesia 3pHa ckpehe naxisy Ha cienehe YnbeHULE:

* YV ciydajy aHanm3e KpUBe IPaHyJIOMETPH]CKOT cacTaBa BakaH je n300p Mecra 3a
y3uMame y3opaka. [1omro epukacHOCT EHTPOIH]CKOT UCTPAKUBAHE Y OCHOBH
3aBHCH O] MOY3JaHOCTH UCIIUTAHUX JOOMjEHUX MOAaTaKa, MOy3JaHH y30PLH Ce
y3UMajy ca MecTa I/Ie Ce IPEI03Hajy MPOIECH KOjH Cy C€ OJ[BUjaJIu.

» KpuBa pacnozerne 3pHa 3a caza je Mmoryha 3a reomeTpujcko oapehuBame HacTa-
Jama npoBupa. 3a BUXOBO I10jaBJbUBabE TPEOa y3eTH y 003UP M XHAPayIIHIKe
YCIIOBE ¥ 33j€/{HO aHAIIM3UPATH [10jaBy IIPOBMPA U KPUBE PACIIOJEIIC 3PHA.

* IloTpebHo je neTasbHO NCIIUTATH MAaTEPHjalle HCTIPAHE IPOBUPAbEM, y Hopeherby
ca KPMBOM pacIioziesie 3pHa 13 ciojeBa 3emibniiTa. To Ou 010 jacau 10kas 1a im
ce KOJI TPOBHpama 0/1BHja Cy(o3nja WIIH Ce UCIHpa je1aH Ie0 3eMIBHIITA.
KJbYYHE PEUYU: npoBupHE Boae, EHTPOIH]ja, PACIIOPE]] 3pHa 10 BEIMYHHH, IIPO-

BUpame HacuIa
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