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UDC 631.466(477)

N a t a l i j a E . E l l a n s k a y a

National Botanical Garden „M. M. Grishko" NAN Ukrainian
Timirjazevska St. 1
Kyiv, 252014, Ukraine

STRUCTURE ANALYSIS OF SOIL MICROMYCETES
IN SECTIONS OF THE UKRAINIAN NATURAL

STEPPE RESERVE

ABSTRACT: The soil micromycetes found in Khomytivski Step and Kamyani Mo-
hyly Ukrainian Natural Steppe Reserve were studied. A total of 53 species of soil micro-
mycetes belonging to 19 genera were isolated. Species distribution included Zygomycetes
(18.9), Pyrenomycetes (3.8) and Hyphomycetes (77.4). The widely spread genera were Peni-
cillium, Aspergillus, Trichoderma, Fusarium. Species richness was much higher on the
Khomytivski Step than the Kamyani Mohyly.

KEY WORDS: micromycetes, rhizosphera, reserve, species distribution.

INTRODUCTION

The steppes occupy large territories and have played a relevant role in the
development of social-historical cultures with peculiar household activities and
national traditions. Therefore, Ukraine is substantially the steppe state.

The large anthropogenic loads emphasize the problem of guarding the
steppe. Due to the diligence of several scientists such as U. K l e o p o v , M.
K l o k o v , M. K o t o v , A. L a v r e n k o (T k a c h e n k o , 1998), series of
steppe reserves, representative of different typological variants of virgin plants
were organized on the territory of Ukraine. The Ukrainian Natural Steppe Re-
serve (UNSR) is one of them.

The analysis of soil mycobiota is the integral part of researches of the
functioning of steppe ecosystems and gives the useful information on biologi-
cal variety of fungi conditioned in this case by the nature-climatic factors. The
characteristic of a micromycetes complex supplements obtained before the
early of information on number and taxonomic structure of bacteriums of soils
of sections UNSR (A n d r e y u k , 1992).

The estimation of density of the population micromycetes rhizosphera of
steppe plants by a method of crop on mediums is the most conventional ap-
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proach in modern micologicale researches permitting to receive the full eno-
ugh information on structure of a complex micromycetes on strict the quantita-
tive basis with using index of the frequency of occurrence of species and simi-
larity measurements (M i r c h i n k , 1988, D u d k a et al., 1982).

MATERIAL AND METHODS

The problem of the present research consist in comparing of complexes
micromycetes in rhizosphera of vegetative communities of two sections USNR
— Khomutivski Step and Kamyani Mohyly. Khomutivski Step is the section
most remote to the south, of reserve and concerns to the xerophilous version
of herb-fescue-feathergrass steppe. To typological tags Kamyani Mohyly as a
whole are close to those in Khomutivski Step. In structure of steppe phytoce-
nosises here dominate same turf cereals, as Khomutivski Step, to which one in
many places are admixed rhizome cereals. However this section is characteri-
zed by high specificity, which one is conditioned by an output of crystal stra-
ins on a surface. The climatic parameters Khomutivski Step and Kamyani
Mohyly are close enough, both are in dry to enough warm zone. For introdu-
ced reserves are characteristic chernozem soil.

Soil samples were gathered under different plants associations before ter-
mination a vernal vegetation in 1996—1997 years. Soil micromycetes studies
were conducted as previously described (W a k s m a n and F r e d , 1922).

In genera, 10 g soil was placed in 90 ml sterile water and shaken for 5
min. A series of dilutions 1—10, 1—100, and 1—1000 was made and placed
on plates containing malt extract agar with 50—100 mg/l of streptomycin or
tetracycline was added to medium at 40°C. Plates were incubated at 25—
27°C, and isolated colonies were transferred to agar plates for 3—21 days
growth for further examination, characterization and identification.

Both qualitative and quantitave observations were made for species iden-
tification on the selected agar media. In addition to species identification, data
were examined on the frequency of occurrence of some species.

The Dice (or Czekanovski) similarity measure of species content of fungi
of two ecotopes was estimated according to the formula Dice S=2a/(2a+b+c),
were a represents the number of common species, b represents the number of
species in the soil of the one sample, and c represents the number of species
in the soil of the another sample (SPSS, 1990).

Taxonomic literature was used for identification of the fungal isolates to
species (B o o t h , l971; E l l i s , 1971; B i l a i , 1977; D o m s c h et al., 1980;
R a p e r et al., 1949; R a p e r and F e n n e l , 1965).

RESULTS AND DISCUSSION

The species content of the soil micromycetes collected on two sections of
UNSR is shown in Table 1.
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Tab. 1. — Frequency of occurence of micromycetes in rhizosphera of two reserves of UNSR

Taxa
Frequency of occurence (%)

Khomutivski
Step

Kamyani
Mohyly

1 2 3

Zygomycotina, Zygomycetes, Mucorales

Absidia spinosa L e n d e r 0 23,1

Actinomucor elegans ( E i d o m ) c . k . B e n j a m i n 0 30,8

Cunningamella echinulata L e n d n e r 26,7 30,8

Mortierella alpina P e y r o n e l 40,0 30,8

M. policephata C o e m 33,3 0

Mucor hiemalis W e h m e r 40,0 0

M. mucedo M i c h . : S t . 13,3 0

M. pusillus L i n d t . 20,0 0

Rhizopus orysae W e n t . et P r i n s . G e e r l i n g s 46,7 0

R. stolonifer ( E h r e n b . : L k ) L i n d . 33,3 30,8

Ascomycotina, Pyrenomycetes, Sphaeriales

Chaetomium globosum K u n z e : F r 33,3 23,1

Melanospora zobelii ( C o r d a ) F u c k e l 20,0 30,8

Deuteromycotina, Hyphomycetes, Hyphomycetales

Acremonium rutilum W . G a m s 26,7 15,4

Ac. strictum W . G a m s 33,3 38,5

Alternaria alternata ( F r . ) K e i s s l e r , E l l i s 33,3 0

Aspergillus alutaceus B e r k et C u r t . 33,3 23,1

As. amstelodami ( M a n g . ) T h o m et C h u r c h 0 38,5

As. fumigatus F r e s . 33,3 0

As. niger T e i g h e m 33,3 0

As. terreus T h o m 40,0 38,5

As. versicolor ( V u i l l ) T i r a b o s c h i 33,3 38,5

Gliocladium roseum ( L i n k . ) B a i n 60,0 61,5

Gl. varians P i d o p l 33,3 0

Paecilomyces lilacinus ( T h o m ) . S a m 20,0 0

Penicillium brevi-compactum D i e r c h x 33,3 30,8

P. canescens S o p p . 40,0 30,8

P. chrysogenum T h o m 46,7 0

P. citrinum T h o m 26,6 23,1

P. decumbens T h o m 20,0 23,1

P. fellutanum B i o u r g e 26,6 23,1

P. frequentans W e s t l . 40,0 23,1

P. funiculosum T h o m 20,0 23,1

P. implicatum B i o u r g e 33,3 30,8

P. jantinellum B i o u r g e 26,6 15,4

P. lanosum W e s t l . 38,3 38,4

P. nigricans ( B a i n . ) T h o m 46,7 15,4
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P. olsoni ( B a i n . ) et S a r t . 0 15,4

P. raciborskii Z a l . 33,3 38,5

P. rugulosum T h o m 20,0 23,1

P. spinulosum T h o m 20,0 15,4

P. variabile S o p p 13,3 15,4

P. varians S m i t h 33,3 15,4

P. verrucosum D i e r c k x var cyclopium ( W e s t l . ) S a m . 40,0 38,5

P. viridicatum W e s t l . 33,3 38,5

Trichoderma album P r e s s 33,3 0

Tr. koningii O u d e m 23,3 38,5

Tr. viride P e r s . 60,0 53,8

Botrytis cinerea P e r s . : F r . 0 23,1

Cladosporium herbarum ( P e r s . ) L k : G r a y 26,7 30,8

C. cladosporioides ( L i n k . ) B a i n 20,0 0

Doratomyces stemonitis ( P e r s . ) M o n t o n et S m . 40,0 38,5

Tuberculariales

Fusarium gibbosum A p p . et W r 26,7 15,4

F. javanicum K o o r d . 20,0 30,8

F. moniliforme S h e l d var. lactis ( P i r . et R g . ) 20,0 38,5

F. oxysporum ( S c h l e c h t . ) S n y d . et H a n s 63,3 61,5

F. solani ( M a r t . ) A p p . et W r / 40,0 30,8

F. sporotrichiella B i l a i 33,3 0

A total of 53 species of soil micromycetes belonging to 19 genera were
isolated. From a systematic point of view, the identified species were divided
as follows: Zygomycetes (10 species) belonging to six genera; Pyrenomycetes
(2 species) belonging to two genera; Hyphomycetes (46 species) belonging to
ten genera.

From Hyphomycetes the most prominent genus was Penicillium with 21
species with the following most common species P. canescens, P. chrysoge-
num, P. frequentans, P. raciborskii.

The special concern introduces presence of large number of species pig-
ment-free and light Penicillium. Peculiar feature is also presence Penicillium,
having teleomorpha stage. Notably, the representatives of the genus Penicilli-
um were widely distributed, due to their high sporulation activity, and they are
common in southern regions and cultivated soils they easily transfer both high
and low temperatures, the spores save them a vitability in toxigenous soils un-
der extremal conditions and growthes at rather low moisture.

The second most common genus was Aspergillus with six species from
which A. alutaceus, A. terreus and A. versicolor were the most common. The
diffusion Aspergillus is connected to definite environmental factors, where
edafical conditions are play a key role (Z v y a g i n c e v , 1984).

The genus Fusarium was the next prominent with six species, from
which F. oxysporum, F. solani and F. gibbosum appeared with similar fre-
quencies. The common presence of Fusarium species reflect their preference
for soil with high organic content and the ability of the organisms to produce
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a large number of chlamydospores resistant to adverse environmental parame-
ters (B i l a i , 1977).

The colones of micromycetes with intensive growth are presented by spe-
cies from genera Trichoderma, Gliocladium, Chaetomium: Tr. viride, Tr. ko-
ningii, Gliocladium roseum and Chaetomium globosum. Micobiota of Khomu-
tivski Step differed on a specific structure a little — dominated Tr. album and
Gl. varians. The great many of species from a genus Trichoderma frequently
is connected to its opposing and competitive capacities (D o m s c h et al.,
1980).

In Khomutivski Step and Kamyani Mohyly representative of the dark col-
oured hyphomycetes, were found. These species exit in unfavourable environ-
ments, where a dry continental climate with hot summer and in the winter
without snow (Z h d a n o v a , 1982),

Differences were noted in species distribution when comparing species
content from the Khomutivski Step and Kamyani Mohyly. These distribution
differences were influenced by soil, climatic conditions, character of higher
plants, humidity, pH, temperature and other factors which influence soil mic-
romycetes species content. Species richnes was much higher on Khomutivski
Step than Kamyani Mohyly. However, some species from the order Mucorales
displayed similar distribution on the both reserves. From Khomutivski Step to
Kamyani Mohyly, respectively, the frequency of occurrence of Mucor hiemalis
was 40,0% and 38,5%, and Rhizopus stolonifer was 33,35 and 30,8%. It sho-
uld be noted that Mucorales species were more prevalent on the Khomutivski
Step due to the presence of greater number of higher plant species and the
high content of soil humus compared (M i r c h i n k , 1988).

The soil micromycetes identified were divided into three groups accord-
ing to the frequency of occurrence. Group 1 included species with the fre-
quency of occurrence exceeding 50%. Group 2 included species with the fre-
quency of occurrence at 25—50%. The majority of the species from reserves
belonged to this group. Group 3 included species with the frequency of occur-
rence of < 25%. The role of rare micromycetes species not commonly found
in soil habitats should not be underestimated since these species enrich the
species diversity of any ecological niche by their quantity. Such species in our
investigations were: Paecilomyces lilacinus, Botrytis cinerea, Doratomyces ste-
monitis and many others.

Index of resemblance of reserves was 75%. It can be explained by the si-
milar soil-climatic and botanical conditions of these two districts.

In summary, species content, frequency of occurrence, common species,
and index of resemblance, were examinated for the two ecotopes. The analysis
of the present material allows to draw a conclusion, that ecosystems, which lit-
tely differs by the type of soil and vegetation are characterized by minor di-
vergences in structure of micromycetes complexes.
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STRUKTURNA ANALIZA MIKROBIONTA U DVA LOKALITETA
STEPE UKRAJINSKOG PRIRODNOG REZERVATA

Natalija Elanskaja
Nacionalna botaniåka bašta „M. M. Griško" Ukrajinske akademije nauka,

Timirjazevska 1, Kijev, 252014, Ukrajina

Rezime

U radu su prouåavane mikomicete na dva lokaliteta stepe: Homutovske ste-
pe i Kamene mogile (Kameni grobovi). Izdvojeno je 53 vrste mikomiceta koje su
svrstane u 19 rodova. Procentualno su najviše bile zastupqene Hyphomycetes
(77.4%), zatim Zygomycetes (18.9%), a najmawe Pyrenomycetes sa svega 3.8%. Ši-
roko rasprostrawene vrste bile su: Penicillium, Aspergillus, Trichoderma i Fusa-
rium.

Uporeðivawem lokaliteta po broju vrsta zapaÿa se da je lokalitet Homu-
tovske stepe mnogo bogatiji u odnosu na Kamene mogile, što je verovatno uslo-
vqeno zemqišno-klimatskim åiniocima i botaniåkim osobinama, odnosno ve-
ãim brojem viših biqaka i visokim sadrÿajem humusa u zemqištu.
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Z o r i c a B . S v i r å e v , I g o r N . B a l a ÿ

Institute of Biology, Trg Dositeja Obradoviãa 2
21000 Novi Sad, Yugoslavia

CO-CULTIVATION OF CYANOBACTERIA AND
WHEAT PLANTS ON AGARIZED MEDIUM

ABSTRACT: A comparison of the interactions of eight cyanobacterial strains (Anaba-
ena and Nostoc), isolated from different soils of Vojvodina with four wheat cultivars,
carried out in the controlled agarized cultures have been made. The beneficial effect of solid
surfaces in co-cultivation arises from the retention of bioactive products of cyanobacteria
and rhizosphere at a position close to the producers. The contribution of solid media lies in
possibility of visual observation of those interactions which are based on strains motility
and root growth direction.

Various types of interactions have been noticed arranged to the strains and cultivars
involved. The investigation showed that C3, C5 and LC2 strains are characterized by inten-
sive clustering around root surface of all four examined wheat cvs. „Lasta" wheat cultivar
roots excrete certain substance or substances that have attractive effect on the cyanobacterial
filaments, able to direct their movement. In the case 2S7b of strain, cyanobacterial filaments
were accumulated at the surface of the medium, keeping distance from the roots. The inve-
stigation also displayed that 2S3b and LC2 strains were able to direct growth of wheat roots
as characterized by cyanobacterial production of extracellular substances provoking the
cyanobacteria-dependent roots growth direction response.

Although in certain cases no colonization of the roots occurred, it did not imply ab-
sence of interactions at all. In few case of co-cultivation, no root colonization was observed
while cyanobacteria were found to penetrate some root cells.

KEY WORDS: agarized medium, biologicaly active compounds, co-cultivation, cyano-
bacteria, wheat

INTRODUCTION

Many cyanobacteria may occur in the rhizosphere in varying degrees of
intimacy with the root system. It has been become clear that cyanobacteria re-
lease many kinds of bioactive substances to their surrounding either actively or
passively, such as: algicides, antibiotics, toxins and plant growth regulators. At
the same time, it could be expected that they are influenced by the wide range
of compounds excreted by the root system.

In spite of the fact that these interactions have been known for a long ti-
me (P a s c h e r , 1929), great interest in novel associations between the higher
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plants and diverse N2-fixing microorganisms has developed on the scientific
scene in recent years, arising from the prospects and possibilities of their po-
tentially beneficial effects (S t e w a r t , 1982; R o w e l l and K e r b y , 1991)
following application (R o d g e r s et al., 1979; G o y a l , 1987). There are in-
stances of marked interactions between cyanobacteria and eukaryotes, and
among these the range of symbiotic associations involving the higher plants is
of particular interest (W h i t t o n , 1982). The extracellular release of nitrogen
compounds and also the release of certain biostimulative substances are obvio-
us ways in which cyanobacteria may benefit the higher plants (M e t t i n g and
P y n e , 1986). Other studies have shown how plants may aid the growth and
increase the N2-fixation of cyanobacteria during co-cultivation (R a i , 1990).

A positive effect of an ammonia-excreting mutant of Anabaena variabilis
on the growth of wheat, one of the most important crops in temperate regions,
has been demonstrated (S p i l l e r and G u n a s e k a r a n , 1990). Both the ni-
trogenase activity of this mutant strain and plant growth were enhanced by di-
rect association of the cyanobacterium with plant roots (S p i l l e r et al.,
1993). We have also described the beneficial effects of N2-fixing cyanobacte-
ria on the growth and nitrogen content of wheat seedlings grown hydroponi-
cally with their roots colonized by soil isolates of cyanobacteria (O b r e h t et
al., 1993).

In this paper we reported the movement of filamentous cyanobacteria to-
wards the wheat roots resulting in cluster formation and root growth direction
influenced by the cyanobacteria. This is an approach to examining the rhizosp-
here and cyanobacteria in relation to their interactive effect on plants.

MATERIAL AND METHOD

Organisms and growth conditions:
Nostoc and Anabaena strains 2S3b, 2S6b, 2S7b, 2S9b and S1, LC2, C3,

C5, respectively, were isolated from different soils from the Vojvodina Provin-
ce (G a n t a r et al., 1991a) and were maintained on BG-11 medium (R i p p k a
et al., 1979).

The four wheat (Triticum vulgare L.) cultivars, „Zitnica", „Rana niska",
„Lasta" and „Jugoslavija", were a gift from the Institute of Field and Vegeta-
ble Crops, Faculty of Agriculture, University of Novi Sad.

The cultivation of wheat seedlings and cyanobacterial isolates was carried
out at 24°C with continuous illumination at a photon fluency rate of 95
Em—2s—1 for three weeks. The pH of the media was measured daily by micro-
electrodes.

Co-cultivation on agarized medium:
For the purpose of this study a new method of co-cultivation was desig-

ned, to enable visual observation of expected wheat roots-cyanobacteria inter-
actions. In order to co-cultivate wheat seedlings and cyanobacteria in solid vo-
lumes, the inoculum of a fully-grown culture of the examined strain was sus-
pended in melted, moderately cooled agarized BG-11 medium placed in 150
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ml glass pots. After solidification, three-day-old wheat seedlings were transfer-
red onto cyanobacteria-trapped agar volume.

In addition, to determine potential cyanobacterium-dependent roots growth
direction, a gutter was made on the surface of solid medium placed in Petry
dishes and inoculated with cyanobacteria. At the same time, wheat seedlings
were placed on the opposite side of the medium.

The pH of the media was measured daily by microelectrodes. All types
of examined interactions were determined by visual observation.

RESULTS AND DISCUSSION

Depending on strains and cvs. involved, several types of cyanobacterial
motility over the solid volume were observed (Table 1). All strains grown un-
der conditions as described above showed dense filaments aggregation in the
superficial zone of the medium. It could be attributed to the highest light in-
tensity and to the intensive diffusion of gasses in that area.

A complete colonization of the roots of cv. „Lasta" by six of the eight
examined strains could be observed (Table 1). Intensive colonization of the
whole root occurred after the aggregation of cyanobacterial cells at the bottom
of the experimental vessels, in spite of lower light intensity inside the solid
medium. The filaments of strain S1 were able to colonize the roots only in the
superficial zone of the solid medium, but mostly were indifferent in relation to
the presence of cyanobacteria. In the case of strain 2S7b, cyanobacterial fila-
ments were accumulated at the surface of the medium, keeping distance from
the roots.

Cyanobacterial strains C3, C5 and LC2 showed intensive clustering aro-
und the root surface of all wheat cvs. On the basis of the motility of other
strains (2S3b and 2S9b), a positive chemo-topotaxis (C a s t e n h o l z, 1973)
was established during the co-cultivation with cvs „Rana niska" and „Lasta".
It could be assumed that the roots of the examined wheat cvs. excrete certain
substance or substances which attract motile trichomes, causing their orienta-
tion and movement towards the roots.

A special type of association between cyanobacteria and wheat roots was
observed at the end of the cultivation period. It was manifested as the develop-
ment of an active growing mass of cyanobacterial cells around the root surface
at the bottom of experimental vessels, where most of the wheat roots were set-
tled (Table 1). In spite of the lower light intensity and diffusion of gasses insi-
de the solid medium, intensive growth of cyanobacterial cells was observed. It
was related to the stimulative effect of root exudates.

Within 24 hours after inoculation of wheat seedlings, a thin space with
no cyanobacterial cells was recorded around the roots deep in the agarized me-
dium. Such behavior of strains C3 and C5 seemed to determined by the pH
value of the medium (Table 1). The pH of a thin zone nearest to the roots was
5.3 while the other parts of media characterized by dense populations of
cyanobacteria showed pH ranges from 7.8 to 8.0. After three days of co-culti-
vation, cyanobacterial colonies were observed all over the medium, related to
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pH changes. The reduction of the pH values can be attributed to the excretion
of H+ by the root system or, according to R a v e n (1990) and R a v e n et al.
(1991), to the process of ammonia ion consumption from the medium. The da-
ta obtained during the co-cultivation of strains C3 and C5 without combined
nitrogen provide evidence that when N2-fixation occurred, the pH value was
influenced by the extracellular release of ammonia and its uptake by the plant.
After several days, the pH values across the medium were stabilized and in-
tensive colonization of wheat root took place.

The above results, when taken collectively, seem to provide evidence of
the production of cyanobacteria-growth-stimulating substances by roots. The
investigation also displayed that strains 2S3b and LC2 were able to direct the
growth of wheat roots, due to the cyanobacterial production of extracellular
substances that provoked the cyanobacterium-dependent root growth direction
response (Table 1 — Petry plates).

Our previous results showed that the cyanobacterium-wheat root interac-
tion resulted not only in the colonization of plant root by cyanobacteria, but
also in the nitrogenase activity of the cyanobacterial strains associated with
wheat roots (S v i r å e v et al., 1995) and significant changes in the length,
weight and nitrogen content of wheat shoots and roots (G a n t a r et al., 1991b;
O b r e h t ( S v i r å e v ) et al., 1993; G a n t a r et al., 1995; S v i r å e v et al.,
1995; S v i r å e v et al., 1997).

During the co-cultivation in agarized medium, cyanobacterial cells, fila-
ments or packages were found inside the rhyzodermal cells and intercellular
space, mostly in combination with the wheat cv. „Lasta". Although in certain
cases no colonization of the roots occurred, it did not imply a total absence of
interactions. For instance, during „Lasta" and strain S1 co-cultivation, no ro-
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Tab. 1. — Different types of interactions during the co-cultivation of cyanobacteria and four
wheat cvs. root at the deep agarized medium (glass pots) and Petry plates

Strain

The ring around
the root at the
surface of agar

Colonization along
the whole lenght

of root

Cyanobacterial
filaments at the

bottom of the bottle

The movement
of roots toward the

Cyanobacteria
(Petry plates)

L J Z RN L J Z RN L J Z RN L J Z RN

S1 — — — — — — — — — — — — — — — —

2S3b — — — — + — — + + — — — + — — +

2S9b — — — — + — + + + — — — — — — —

2S6b — — — — + — — — + — — — — — — —

C3 + + + + + + + + + + + + — — — —

C5 + + + + + + — + + + + + — — — —

LC2 — — — — + + + + + + + + + + + +

2S7b — — — — — — — — — — — — — — — —

Legend:
L — „Lasta" wheat cv.
J — „Jugoslavija" wheat cv.
Z — „Zitnica" wheat cv.
RN — „Rana niska" wheat cv.



ot-colonization was observed while cyanobacteria were found to have penetra-
ted some root cells. A possible way of penetration was described according to
G a n t a r et al. (1993). As indicated by our earlier studies, the penetration of
roots by cyanobacteria occurred during the co-cultivation of cyanobacteria and
several agronomically important plants in liquid and sand cultures (G a n t a r
et al., 1991c; S v i r å e v et al., 1997).

The results obtained revealed a variety of interactions between cyanobac-
teria and roots of wheat plants, which depended on the motility of filamentous
cyanobacteria and cyanobacterium-dependent root growth direction. The inve-
stigation also indicated that cyanobacterial strains were able to direct the
growth of wheat roots, resulting from the cyanobacterial production of extra-
cellular substances, which provoked the cyanobacterium-dependent root growth
direction response.

It was evident that most of the examined strains were able to colonize the
whole root of the cv. „Lasta". The strains C3, C5 and LC2 colonized the roots
of all examined cvs, indicating that the type of interaction depends directly on
the strain and cv involved.

The type of movement and cyanobacterium-wheat root interaction did not
imply the presence of an intimate contact between cyanobacteria and root
cells. A clear evidence of cyanobacterial penetration inside the root cells was
observed not only in colonized roots but also in rhizodermal cells where clus-
tering of cyanobacteria was not observed.
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ZDRUŸENO GAJEWE CIJANOBAKTERIJA I BIQAKA PŠENICE
NA AGARIZOVANOJ PODLOZI

Zorica B. Sviråev, Igor N. Balaÿ
Institut za Biologiju, Trg Dositeja Obradoviãa 2,

21000 Novi Sad, Jugoslavija

Rezime

Na osnovu ispitivawa meðusobnog uticaja osam filamentoznih cijanobak-
terija i korena åetiri sorte pšenice tokom uzgajawa na agarizovanoj podlozi,
utvrðeni su razliåiti tipovi interakcija. Cijanobakterijski sojevi S3 i S5 su
pokazali intenzivno nakupqawe u zoni rizosfere kod sve åetiri ispitivane
sorte pšenice. Prema ponašawu veãine ispitivanih sojeva, moÿe se pretpo-
staviti da sorta „Lasta" ima u korenskim izluåevinama supstancu ili supstan-
ce koje privlaåe pokretne cijanobakterijske filamente. Potpuna kolonizacija
korenovog sistema biqaka sorte pšenice „Lasta" ostvarena je u prisustvu šest
od osam ispitivanih sojeva. Indiferentno ponašawe u odnosu na prisustvo
korena ispitivanih biqaka pšenice uoåeno je kod soja S1, åiji su filamenti
bili ravnomerno rasporeðeni u agarizovanoj podlozi. Za razliku od ovog i
svih ostalih ispitivanih sojeva, u sluåajevima zdruÿenog gajewa biqaka pše-
nice i soja 2S7b uoåen je vrlo specifiåan efekat koji se ispoqio u kretawu
cijanobakterijskih filamenata što daqe od korena sve åetiri sorte pšenice.
Što se tiåe produkcije cijanobakterijskih vanãelijskih produkata, jedino su
sojevi LC2 i 2S3b pokazali sposobnost usmeravawa rasta korenovog sistema pre-
ma rastuãim kolonijama ovih cijanobakterija. Uoåen je uticaj S3 i S5 sojeva na
smawewe aciditeta u zoni korenovog sistema i oko same biqke tokom poåetnog
dela kultivacije. I pored toga što u nekim sluåajevima nije došlo do koloni-
zacije korena pšenice, ne radi se o potpunom odsustvu interakcije jer je pro-
dirawe cijanobakterija u koren pšenice primeãeno i u nekolonizovanom ko-
renu.
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ACCUMULATION OF GROWTH SUBSTANCES
IN THE APICAL LEAVES INDUCED BY

SOYBEAN INOCULATION

ABSTRACT: The present paper represents an attempt to establish whether or not no-
dular bacteria (in this case, two strains with a different capacity for nitrogen fixation) are re-
sponsible for the level of growth substances in soybean leaves. Analyses of plant hormones
were performed on a HPLC with a changeable wavelength detector. Six to eight peaks with
different retention times (RT) were obtained from the hydrolyzed samples of the leaf tips of
soybean plants inoculated with B. japonicum strains 1 and 2b and uninoculated, control
plants. According to the RT standard, the peaks were equivalent to GA3 with an RT of 3.63,
abscisic acid (ABA) with RT 17.91, protocatechuic acid with RT 7.35, coumarone with RT
17.09, and L-tryptophane with RT 15.57. The area of the peaks varied according to the
strain. The results of the study have shown that the two B. japonicum strains do affect the
levels of growth substances in apical soybean leaves. No peaks corresponding to protocatec-
huic acid with RT 7.62 were found in the leaves of the uninoculated plants. The area of the
peak corresponding to L-tryptophane was the largest in the control plants and the plants ino-
culated with strain 1, whereas in the plants inoculated with strain 2b it was only half as lar-
ge. This indicates that the effective strain 2b caused a much more rapid conversion of
L-tryptophane than the less effective strain 1, in which L-tryptophane content was the same
as in the uninoculated plants.

KEY WORDS: Bradyrhizobium japonicum, growth substances, soybean, strain.

INTRODUCTION

Many plant developmental processes are mediated by plant hormones
(growth substances), small molecules that are widespread in the plant and that
can rapidly diffuse across membranes (H i r s c h , 7). Some plant hormones,
such as ethylene, influence microtubule orientation (L a n g et al., 11), while
others (gibberellins) elicit changes in GA2+ levels (B u s h et al., 4). Plant hor-
mones, or growth regulators, of indole type are involved in plant growth and
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represent precursors that are enzymatically converted into indole-3 acetic acid
(IAA). IAA is considered to be the main substance responsible for plant
growth.

According to B a d e n o c h - J o n e s et al. (1), IAA is formed in young
leaves and apical buds and transported into nodules. However, there is eviden-
ce that IAA is transported from nodules and root into other plant parts (B o u -
m a , 3; B a d e n o c h - J o n e s et al., 2). Only a part of IAA is present in the
form of free IAA in plant tissue. A large part of it is either bound or conjuga-
ted to other compounds (C o h e n and B a n d u r s k i , 5).

Phenol compounds that originate from the plant side of the plant-bacte-
rium leguminous association have an inhibitory effect on nodular bacteria
( K a n d a s a m y and P r a s a d a , 9). Aromatic phenols, from simple phenols
to benzene acids (R e y n o l d s , 18), or in the form of glucoside, inhibit plant
growth, germination, and mitochondrial metabolism (D e s m o s et al., 6) as
well as root growth (R o y et al., 19).

The results of our previously study confirm that nodule dry matter mass
and nitrogen content in soybean plants are correlated with growth substances
produced by the tested strains of B. japonicum (M i l i ã et al., 13, 14).

When we used the HPLC method for determination of growth substances
(indole, phenole and gibberellin types) in pure culture of B. japonicum 1 and
B. japonicum 2b, the effective strain 2b synthesized about eight times more
IAA than the poorly effective strain (M i l i ã et al., 15).

The present study representes an attempt to determine whether nodular
bacteria (in this case two strains with a different capacity for nitrogen fixation
with soybean plants and different IAA production in pure culture) are respon-
sible for the level of growth substances in soybean leaves.

MATERIALS AND METHODS

I Bacterial cultures

Two wild-type strains of Bradyrhizobium japonicum — strain 1 and
strain 2b — from the collection of the Department of Microbiology of the In-
stitute of Field and Vegetable Crops in Novi Sad were cultivated in a liquid
Demolon medium (V i n c e n t , 20) up to the logarithmic phase of growth (109

cells per 1 ml).

II Plant materials

Soybean seeds (variety NS-16) developed at the Institute of Field and Ve-
getable Crops in Novi Sad were first sterilized in ethyl alcohol, then in 0.1%
acid solution HgCl2, after which they were rinsed with distilled water and ger-
minated in water agar for five days. Soybean seedling were transferred into
12x2.5 cm tubes that contained 1/4 stength sterilized Jensen solution (V i n -
c e n t , 20). The trial included three treatments with 10 replications each (each
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tube contained one plant). Treatments were as follows: Treatment 1 (control)
— uninoculated seedlings; Treatment 2 — seedlings inoculated with 0.5 ml of
liquid culture containing strain 1; and Treatment 3 — seedlings inoculated
with 0.5 ml of liquid culture containing strain 2b. The plants were grown in a
greenhouse under semi-sterile conditions for 35 days (until flowering).

The apical leaves from each treatment were harvested separately and 1 g
of fresh leaves extracted according to H u n t e r (8). We determined the type
of the bound derivatives in the apical leaves of inoculated and uninoculated
plants after alkali hydrolysis, i.e., the total amount of IAA derivatives and the
type of phenolic and gibberellic compounds. Quality analyses of quality plant
hormones (auxines, phenols, gibberellins) were performed on the HPLC. A
liquid chromatographic apparatus Hewlett Packard 1048B and a detector of
changeable wavelength were used as described in M i l i ã et al. (15) and M i -
l i ã and M r k o v a å k i (16).

RESULTS AND DISCUSSION

Levels of growth substances in the apical leaves of soybean

As shown in the chromatographs (Figures 1—3), 6—8 peaks with differ-
ent retention times were obtained from the apical leaves of soybean plants ino-
culated with Bradyrhizobium japonicum strains 1 and 2b and uninoculated
soybean plants.

The results of this study provide evidence that in the hydrolyzed samples
of uninoculated plants (Figure 1), peaks of compounds identical to syringic
acid (RT 14.57), coumarone (RT 17.19), L-tryptophane (RT 15.83), abscisic
acid (ABA) (RT 17.98), and gibberellic acid (GA3) (RT 3.68) were found. The
peaks of the other compounds could not be identified (RT 8.12, RT 13.40, RT
25.78).

In the leaves of soybeans inoculated with B. japonicum strain 1, we fo-
und peaks that correspond to syringic acid (RT 14.21), coumarone (RT 17.10),
L-tryptophane (RT 15.66), abscisic acid (ABA) (RT 17.91), and gibberellic
acid (GA3) (RT 3.68) (Figure 2) as well as protocatechuic acid (RT 7.62),
which was not present in the uninoculated soybean plants.

The leaves of plants inoculated with the highly effective strain 2b con-
tained all the compounds that were found in the soybeans inoculated with
B. japonicum strain 1 (protocatechuic acid RT 7.35, coumarone RT 17.09,
L-tryptophane RT 15.57, abscisic acid (ABA) (RT 17.91) (Figure 3).

The other peaks found in the uninoculated and inoculated soybeans could
not be identified.

The area of the peak corresponding to L-tryptophane was largest in the
control plants and plants inoculated with strain 1, whereas in the plants inocu-
lated with strain 2b it was only half as large. This indicates that the effective
strain 2b caused a much more rapid conversion of L-tryptophane than the less
effective strain 1, in which L-tryptophane content was the same as in the uni-
noculated plants.
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Fig. 1. — Chromatogram of growth substances found in hydrolyzed samples of the apical
leaves of uninoculated plants
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Fig. 2. — Chromatogram of growth substances found in hydrolyzed samples of the apical
leaves of plants inoculated with B. japonicum strain 1
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Fig. 3. — Chromatogram of growth substances found in hydrolyzed samples of the apical
leaves of plants inoculated with B. japonicum strain 2b



Many indolyl derivatives, both „free" and „bound" (released after alkaline
hydrolisis), possess an apparent growth-promoting activity and it is generally
belived that, these compounds, such as indol-3-acetonitril (IAN), indole alde-
hyde (IAAld), triptaphol and gramine, represent precursors wich are enzymati-
cally converted to IAA, the principal substance involved in the growth respon-
se (P e g g , 17).

The peak of syringic acid was not identified in the apical leaves of soy-
beans inoculated with strain 2b. The peak of protocatechuic acid was not fo-
und in the uninoculated plants, while in plants inoculated with strain 2b it was
four times smaller than in the case of strain 1. The largest peak of coumarone
was recorded in the apical leaves of plants inoculated with strain 1, while in
soybeans inoculated with strain 2b it had a similar area as in the uninoculated
plants, suggesting the presence of a special mechanism that inhibits coumarone
synthesis in the more effective strain of B. japonicum.

Syringic acid, protocatechuic acid, and coumarone belong to the group of
phenols that have an inhibitory effect on the plant, so it can be assumed that
these substances influence the development of a symbiotic association of a
particular level of effectiveness. Acording to the previously results, the two
strains (2b, 1) of B. japonicum effected the symbiotic association with soybean
differently. This can be explained by the effect of growth regulators on the
plant. Strain B. japonicum 2b which produced several types and a large num-
ber of growth regulators in culture and accumulated much less phenolic com-
pounds in the apical leaves of soybean than strain B. japonicum 1 (M i l i ã ,
12). Phenolic compounds originating from the plant have an inhibitory effect
on nodular bacteria (K a n d a - s a m y and P r a s a d a , 9) and can therefore be
assumed to influence nodulation and nitrogen fixation.

The amount of the compound with RT 25.78, which could not be identi-
fied, was largest in the leaves of plants inoculated with strain 2b, followed by
strain 1, and, finally, the uninoculated, control plants. We suppose that it is an
indole aldehyde (IAAld). IAAld is derived from tryptophan via indole pyruvic
acid and is a native constituent of plants. It can, therefore, be assumed that in-
oculation promotes the synthesis of this compund, which, in turn, prompts the
question of what its exact role in the plant may be.

The results showed that, according to the RT standards, the values RT
3.63 and RT 17.19 correspond to gibberellic acid (GA3) and abscisic acid
(ABA), respectively. The level of compounds with gibberellic activity is much
higher in soybean nodules than in the roots without nodules (W i l l i a m s and
D e M a l l o r c a , 21; M i l i ã , 13).

It is known that the level of ABA within the plant is related to the type
of organ tissue and upon time. When plants are cultured under non-stressed
conditions, cyclic phenomen or at least visible indications of their presence
may be minimal (K o u k k a r i and W a r d e , 11).

The results in this paper shows that the areas of separated peaks accord-
ing to the ABA in the appical leaves of soybean plants were similar so we can
say that here was no stress effect.
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CONCLUSION

The results of the study show that B. japonicum strains 1 and 2b have
an effect on the levels of growth substances in the studied parts of soybean
leaves.

As shown in the chromatographs (Figures 1—3), 6—8 peaks with differ-
ent retention times were obtained from the apical leaves of soybean plants ino-
culated with Bradyrhizobium japonicum strains 1 and 2b and uninoculated
soybean plants from the control treatment.

According to the RT standard the obtained peaks correspond to to GA3,
abscisic acid (ABA), protocatechuic acid, coumarone and L-tryptophane.

The other peaks found in the uninoculated and inoculated soyebeans co-
uld not be identified.
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Rezime

U vršnim listovima inokulisanih i kontrolnih neinokulisanih biqaka
odreðivani su vezani derivati posle alkalne hidrolize, odnosno ukupna koli-
åina derivata IAA kao i fenolna jediwewa. Ova jediwewa posreduju u rastu bi-
qaka, a takoðe predstavqaju prekursore koji se enzimatski konvertuju u IAA.
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Analiza prisutnih biqnih hormona uraðena je na teånom hromatogramu
pod visokim pritiskom (HPLC) sa detektorom promenqive talasne duÿine. U
ispitivanim hidrolizovanim uzorcima vršnih listova biqke soje inokulisa-
ne sojevima B. japonicum 1 i 2b i kod kontrolnih neinokulisanih biqaka, izdi-
ferencirano je 6—8 pikova razliåitih prema vremenu retencije (RT). Izdife-
rencirani su pikovi koji prema RT standardu odgovaraju GA3 sa RT 3.63, ab-
scisinskoj kiselini (AVA) sa RT 17.91, protokatehinskoj kiselini sa RT 7.35,
kumarinu sa RT 17.09, L-triptofanu sa RT 15.57. Površina dobijenih pikova
razlikovala se u zavisnosti od upotrebqenog soja B. japonicum za inokulaciju
ponika biqke soje.

U neinokulisanim listovima biqke nije izdiferenciran pik koji prema
standardu odgovara protokatehinskoj kiselini sa RT 7.62. Pik koji odgovara
L-triptofanu ima najveãu površinu kod uzoraka neinokulisanih biqaka kao i
kod inokulisanih sojem B. japonicum 1, dok je kod biqaka inokulisanih sojem B.
japonicum 2b bio upola mawi. Ovo ukazuje da je konverzija L-triptofana pod
uticajem efektivnog soja (B. japonicum 2b) mnogo brÿa nego u slabo efektivnog
soja (B. japonicum 1) kod kojeg je sadrÿaj L-triptofana bio kao kod neinokulisa-
nih biqaka.

Svi ostali izdiferencirani pikovi nisu identifikovani. Inokulacija
stimuliše sintezu jediwewa sa RT 25.78. U svim ispitivanim uzorcima izdi-
ferenciran je ovaj pik, ali je wegova površina najveãa u uzorku lista inoku-
lisane biqke sojem B. japonicum 2b (visokoefektivan soj), zatim u listovima
inokulisanih sa sojem B. japonicum 1, a najmawa u neinokulisanim kontrolnim
biqkama.

Dobijeni rezultati pokazuju da kvrÿiåne bakterije — sojevi B. japonicum
(1, 2b) koji se meðusobno razlikuju u sintezi materija rastewa utiåu na sadrÿaj
ovih materija u ispitivanim delovima listova, odnosno svojom produkcijom
utiåu na biohemijske i fiziološke procese u biqci.
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AUTOALLELOPATHIC STRESS IN NATURAL
AND MODEL POPULATIONS OF QUACKGRASS

(Elytrigia repens L.)

ABSTRACT: Development of autoinhibition in quackgrass populations and the role
of allelopathic mechanism in the process were studied in four habitats of low urban pressure
as well as in four-year plot experiment, modeling initial density of 0, 4, 16, 64, 256
quackgrass plants on 1 m2.

In the natural quackgrass populations the development of indications of autoinhibition
(decrease in shoot and rhizome densities, morphometric and physiological parameters of
shoot growth, photosynthesis, vegetative and generative reproduction) correlated with inten-
sity of recent intraspecific interactions (which were judged by quackgrass litter thickness) as
well as with rhizosphere soil allelopathic activity.

In the model quackgrass populations the development of indications of autoinhibition
and accumulation of increasing amounts of allelochemicals observed in natural populations
were reproduced. The initial density of model quackgrass populations influenced the rate of
achievement of maximum of the populations density and shoot growth parameters. In
subsequent seasons self-thinning and decrease in shoot growth, photosynthesis, water upta-
ke, vegetative and generative reproduction, changes in the metabolism of polyphenolics oc-
curred. At that time rhizosphere soil demonstrated the highest allelopathic activity in labora-
tory tests.

Further investigations of the particular mechanisms of autoallelopathic inhibition in
quackgrass populations are considered to be promising in terms of the development of new
ecological methods for its control.

KEY WORDS: Elytrigia repens L., populations, plot experiment, autoinhibition, alle-
lopathic activity.

INTRODUCTION

Quackgrass (Elytrigia repens L., N e v s k i ) is a widespread cosmopolitan
dominant in grassy communities and a noxious weed, recognized as economi-
cally important in many regions of Eurasia and North America (F i s j u n o v ,
1984). In natural communities quackgrass usually forms dense monodominant
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patches with small representation of other species. In favorable conditions
quackgrass patches actively expand horizontally replacing neighboring vegeta-
tion. Then in the older patches self-thinning occurs and on the vacant sites ot-
her plant species penetrate. Quackgrass clumps, growing on the old patches
show inhibition of shoot height, spike-formation, occlusion of xylem vessels
( B o g d a n , 1981; G r o d z i n s k y , 1991).

Among suggested causes of the old quackgrass patches degradation, accu-
mulation of phytotoxic concentrations of allelochemicals seems to be most cre-
dible (B o g d a n , 1981; G r o d z i n s k y , 1991). Numerous laboratory experi-
ments showed, that exudates of living and especially of decaying quackgrass
plants are highly allelopathic (B o g d a n , 1981; W e s t o n et al, 1986; G o r o -
b e t s et al., 1990; G r o d z i n s k y , 1991). Incubations of decaying quackgrass
shoots and rhizomes in various types of soils results in the accumulation of
phytotoxic concentration of organic, especially phenolic acids (L y n c h et al.,
1980) and ethylene (H a r v e y et al., 1978). Phytotoxic concentrations (up to
1000 ppm) of phenolic acids (p-coumaric, vanilic, p-hydroxybenzoic and oth-
ers) were reported to be present in the rhizosphere soil associated with quack-
grass (W h i t e h e a d et al., 1982; G o r o b e t s et al., 1990; G r o d z i n s k y ,
1991).

No further investigation of autoallelopathic inhibition in quackgrass was
conducted. Nevertheless understanding of this process would allow more deep
insights into the quackgrass coenotic strategy and the development of new
ecological methods for its control in agrocoenoses.

Our work is devoted to the regularities of development of autoinhibition
in quackgrass natural and model populations and the role of allelopathic me-
chanism in the process.

MATERIALS AND METHODS

Natural quackgrass populations were located in the four habitats of low
urban pressure within the limits of Kiev city and suburbs. Two of the investi-
gated habitats represented dry meadows, with medium-humic loamy soils, ot-
her two — bottomland meadows, with low-humic sandy soils. The populations
consisted of dense monodominant patches (cover of quackgrass was 70—
90%), other species were present in insignificant amounts. The thickness of lit-
ter from decaying quackgrass shoots of the present and previous years varied
from less then 1 cm in the invasional parts of the populations to 12—16 cm
on the oldest parts. Assuming the amount of the litter to be proportional to the
intensity of recent intraspecific interactions (which include allelopathy), we
studied the dynamics of the parameters of quackgrass density and vitality as
well as rhizosphere soil allelopathic activity along the gradient of litter thick-
ness. The measurements of morphometric and physiological parameters of
quackgrass vitality and collection of rhizosphere soil samples were conducted
on sample plots (0.2x0.25 m2), established in sites with different litter thick-
ens, in June-July, 1997.

30



The development of autoinhibition in model quackgrass populations was
studied in a four-year plot experiment established on the territory of the Natio-
nal Botanical Garden (Kiev city, Ukraine), on medium-humic loamy soil, in
June, 1996. In the experiment initial densities of 0, 4, 16, 64 and 256 quack-
grass plants per 1 m2 were modeled. Before commencement of the experiment
tillage and clearing were conducted. Plots (1x1 m2) were dug around with
trenches 20 cm in depth to eliminate quackgrass penetration from one plot to
another, as the quackgrass rhizomes do not penetrate to a higher depths (F i -
s j u n o v , 1984). Quackgrass plants (clumps, with the rhizome fragment of
2—3 cm) from neighboring clones served as material for planting. Other plant
species were constantly weeded out when they appeared. We used four repli-
cations for each treatment.

The morphometric measurements in the plot experiment were conducted
in June and August of 1997—1999 (the beginning and the end of quackgrass
flowering). The contents of photosynthetic pigments (chlorophylls a and b, ca-
rotenoids) and anthocyanins in quackgrass leaves were determined in July,
1998—1999. The rate of quackgrass shoot water uptake and activity of o-di-
phenoloxidase in leaves were determined in July, 1999. Soil samples for ex-
traction and testing of allelopathic activity were collected in July, 1998—99.

The following morphometric characteristics were measured: parameters of
growth and photosynthetic production (shoot height, number of shoots per
clump, mean leaf length), vegetative and generative reproduction (percentages
of generative and juvenile shoots in clumps). In the natural populations length
of rhizome internodes and number of rhizome branchings were also registered.

The contents of photosynthetic pigments and anthocyanins in quackgrass
leaves were determined by spectrophotometric methods (S o l o v ' y o v a , 1988;
T r e t i a k o v et al., 1990). Activity of o-diphenoloxidase in leaves was deter-
mined by the spectrophotometric method based on the rate of pyrocatechol ox-
idation (T r e t i a k o v et al., 1990). The rates of water uptake were determined
on the basis of the amount of water, absorbed during 3 days by freshly cut
quackgrass shoots located in testtubes with 0.1% Ca (NO3)2 (G r a k h o v ,
1991).

The soil samples, air-dried (40°C) and sifted through 2 mm sieve, were
extracted with methanol, and after that with 1% trilon B (soil-extragent volu-
me ratio was 1:2) (G r a k h o v , 1991). Allelopathic activity of methanol and
trilon extracts (substrate-extract volume ratio was 1:2) were evaluated in the
bioassays on quackgrass seed germination, seedlings growth and rhizome buds
sprouting (G r o d z i n s k y , 1991).

The analysis of pair relations was conducted by the method of correlation
relations (section of correlation analysis, non-parametric statistics), and one-
-way ANOVA. The strength of relations between variables was calculated as
correlation relation (�2) (Z a j t s e v , 1984).

RESULTS AND DISCUSSION

In the studied natural populations the parameters of quackgrass density,
shoot growth, photosynthesis, vegetative and generative reproduction showed
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Fig. 1 — Dependence of quackgrass density and parameters on litter thickness in the natural
populations (summarized data on four populations)



markable dependence on the intensity of recent intaspecific interactions which
was judged by litter thickness (Figure 1). The optimum of the parameters of
quackgrass density and shoot growth was observed on the sites with medium
values of litter thickness (5—10 cm). The optimum of the parameters of
quackgrass vegetative and generative reproduction were observed on the sites
with low values of litter thickness (0—5 cm). On the sites with high values of
litter thickness (10—15 cm) the parameters of shoot growth, photosynthesis,
vegetative and generative reproduction in quackgrass plants were at pessimum,
and the contents of anthocyanins in leaves were considerably increased.

The differentiation of natural populations of quackgrass and some other
rhizomatus grasses into groups with prevalence of one of the functions of
accumulation of biomass, or reproduction, or reserve (plants with inhibited
growth and reproduction) was shown by other authors (L u b a r s k y et al.,
1984). However, no mechanism of such differention was considered. On the
other hand there are many examples of autoregulation of plant populations
structure and functioning by allelochemicals (F r i e d m a n et al, 1985; G r a k -
h o v , 1991; G r o d z i n s k y , 1991; M o r o z , 1996). High allelopathic poten-
tial of quackgrass living and especially decaying parts was confirmed by many
laboratory tests (B o g d a n , 1981; L y n c h et al., 1980; W e s t o n et al., 1986).
Phytotoxic concentrations of allelochemicals were shown to be present in rhi-
zosphere soil associated with quackgrass (W h i t e h e a d et al, 1982; G o r o -
b e t s et al, 1990; G r o d z i n s k y , 1991). In connection with this it was inter-
esting to determine allelopathic potential of the rhizosphere soil of the studied
populations and whether it correlates with indications of autoinhibition in
quackgrass plants.

The results of bioassaying of allelopathic activity of methanol and trilon
extracts of soil of the studied populations analyzed by ANOVA (factor — lit-
ter thickness) are shown on Figure 2. Methanol extracts demonstrated higher
allelopathic activity in all bioassays than trilon extracts. Allelopathic activity
of both methanol and trilon extracts showed marked correlation with litter
thickness and the development of indications of stress and inhibition in the
studied populations. The allelochemicals extracted by methanol and trilon from
the rhizosphere soil of the degrading sites of the populations markedly reduced
quackgrass seedlings growth, delayed seed germination and rhizome buds
sprouting in laboratory experiments. The results obtained confirmed the role of
autoallelopathic mechanism in the degradation of the studied quackgrass popu-
lations.

The tendencies observed in the natural quackgrass populations were re-
produced in the four-year plot experiment (Figure 3). The initial density of
model quackgrass populations influenced the rate of achievement of maximum
of the populations density (1000—1100 shoots per 1 m2) and shoot growth pa-
rameters. Self-thinning and decrease in shoot growth, photosynthesis, water
uptake, vegetative and generative reproduction, changes in the metabolism of
polyphenolics occurred in subsequent. In the model populations with initial
density of 0 plants per 1 m2 quackgrass appeared in May of the third season,
from the seeds air-drifted from neighboring clones. In this population the para-
meters of shoot density and growth had not achieved such high levels as in the
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other treatments. Nevertheless some indications of stress (decrease in shoot
growth, photosynthesis, generative and vegetative reproduction) were observed
here in the fourth season. Thus unfavorable changes occurred in the thin
long-existing quackgrass populations as well.

This conclusion was confirmed by the results of bioassaying of methanol
and trilon extracts of rhizosphere soil of the model quackgrass populations (Fi-
gure 4). During the development of the model quackgrass populations increas-
ing quantities of allelochemicals were accumulated. The allelochemicals ex-
tracted with methanol and trilon from rhizosphere soil of the populations with
high initial density (64, 256) in the III—IV season and in the other populati-
ons in IV season markedly inhibited seedlings growth, delayed seeds germina-
tion and rhizome buds sprouting in the laboratory bioassays.

Thus, the development of autoinhibition as well as accumulation of incre-
asing amounts of allelochemicals observed in the natural populations were
reproduced by modeling quackgrass populations of different initial densities.
The indications of stress and inhibition (decrease in shoot density, shoot
growth, vegetative and generative reproduction, photosynthetic pigments con-
tents and o-diphenoloxidase activity in leaves) in the model quackgrass popula-
tions showed positive correlation with the stage of their development, which in
turn closely correlated with the build-up of allelopathic activity in rhizosphere
soil. Autoinhibition in the model populations was observed in the following
seasons after the achievement of maximum of shoot density and growth para-
meters or after more lasting vegetation of thin quackgrass populations. At the
same time the soil accumulated phytotoxic concentrations of allelochemicals,
which markedly reduced quackgrass growth and development in the laboratory
bioassays.
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Fig. 2 — Dependence of allelopathic activity of methanol (A) and trilon (B) extracts
of rhizosphere soil of the natural quackgrass populations on litter thickness

(summarized data of four populations)
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Fig. 3 — Year-to-year dynamics of quackgrass density and vitality parameters
in the plot experiment
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Fig. 4 — Year-to-year dynamics of allelopathic activity of methanol and trilon extracts
of rhizosphere soil of the plot experiment



The results obtained present evidence of the role of autoallelopathic mec-
hanisms in the regulation of plant population development and functioning.
The revealed tendencies are in agreement with the traditional concept of auto-
allelopathic soil sickness by plant species with high allelopathic potential
( F r i e d m a n et al., 1985; G r a k h o v , 1991; G r o d z i n s k y , 1991; M o -
r o z , 1996).

Further investigations of the particular mechanisms of autoallelopathic in-
hibition in quackgrass populations appear to be promising in terms of the de-
velopment of new ecological methods for its control.
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AUTOALELOPATSKI STRES PIREVINE (Elytrigia repens L.)
U PRIRODNIM I EKSPERIMENTALNIM USLOVIMA

Natalija P. Didik, Vladimir P. Grahov, Valerij L. Breåko
Nacionalna botaniåka bašta „M. M. Griško" Nacionalne akademije

nauka Ukrajine, Timirjazevskaja 1, 252014 Kijev, Ukrajina

Rezime

Autoinhibicija pirevine ispitivana je na prirodnim staništima i u
poqskom eksperimentu pri gustini biqaka od 0, 4, 16, 64 i 256 po m2. Na pri-
rodnim staništima pirevine zapaÿena je autoinhibicija u rastu korena, broju
rizoma, morfofiziološkim karakteristikama rasta busena, fotosintetiåkoj
produkciji, kao i vegetativnoj i generativnoj reprodukciji. U eksperimental-
nim uslovima zemqišni ekstrakt iz rizosfere pirevine inducira kao i u
prirodnim uslovima, gore navedeni stres i supresiju populacije. Intenzitet
stresa je u funkciji broja biqaka po jedinici površine.
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THE EFFECT OF NICKEL ON SUPEROXIDE
DISMUTASE ACTIVITY, LIPID PEROXIDATION

INTENSITY AND OXYGEN RADICAL QUANTITY
IN YOUNG PLANTS OF WHEAT AND MAIZE

ABSTRACT: Effect of different Ni concentrations (10—7, 10—5 and 10—3 mol dm—3)
on the activity of an antioxidant enzyme, superoxide dismutase, lipid peroxidation intensity
and oxygen radical quantity in young plants of wheat and maize has been studied using the
method of water cultures. The obtained results have shown that the lower Ni concentrations
increased the enzyme's activity, while the higher concentrations decreased its activity in
both wheat and maize. Consequently, the oxygen radicals quantity was significantly lower at
lower Ni concentrations. At high Ni concentration, in wheat leaves, the quantity increased.
In the leaves of maize the oxygen radicals quantity increased with increase in Ni concentra-
tions. Lipid peroxidation process occurred in both examined species and the content of its
final product, malonyldialdehyde, increased with increase in Ni concentrations in the solu-
tion.

KEY WORDS: wheat, maize, nickel, superoxide dismutase, lipid peroxidation, oxy-
gen radicals.

INTRODUCTION

Heavy metals (HM) are characterized by different chemical, physical and
biological features. Knowing the ecology and mechanisms of uptake, accumu-
lation, distribution and effects of HM on life proccesses of plants is of great
importance, both from the physiological and the ecological aspect (A l l o -
w a y , 1990).

Increased concentrations of HM, among which nickel (Ni) is classified,
tend to cause phytotoxicity. One of the primary effects of HM on plants is
changing the structure and function of cell membranes and organelles (K e n -
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n e d y and G o n s a l v e s , 1987). At higher concentrations, HM could cause
increased reduction of molecular oxygen (O2) which is relatively inactive, and
therefore produces toxic oxygen species such as: superoxide radical (O2

.—), hy-
drogen peroxide (H2O2) and hydroxyl radical (.OH). These highly reactive spe-
cies of O2 react with unsaturated fatty acids to cause peroxidation of membra-
ne lipids (LP) in the plasmalemma or cell organelles causing the leakage of
cellular contents, rapid desiccation and cell death (S c a n d a l i o s , 1993).

All aerobic organisms are exposed to oxidative stress. In order to survive
in the presence of high concentrations of HM, plants developed antioxidant
defence system to counteract oxidative damage from reactive oxygen species
(ROS) (L a r s o n , 1988; G a š i ã , 1992). These mechanisms comprise enzyma-
tic and non-enzymatic reactions: 1) reactions of antioxidants with ROS, keep-
ing their concentrations at low level, and 2) reactions of transformation of
ROS into stable molecules or molecules with low reactivity (S m i r n o f f ,
1993; Š t r b a c , 1995). Catalases (CATs) and superoxide dismutases (SODs)
belong to the first group of antioxidants and are known as the most efficient
antioxidant enzymes. Due to action of these enzymes, potentially harmful O2

.—

and H2O2 are reduced to H2O without cell damage. At the same time, the for-
mation of the most potent oxidant known, the hydroxyl radical (� OH), is avo-
ided:

1) O2 + e— → O2
.—

2) H2O2 + O2
.— → � OH + OH— + O2

3) O2
.— + O2

.— + 2H+ SOD⎯ →⎯⎯ H2O2 + O2

4) H2O2 + H2O2
CAT⎯ →⎯⎯ 2H2O + O2

� OH indiscriminately and rapidly attacks virtually all macromolecules,
leading to serious damage in cellular components, DNA lesions and mutations
(S c a n d a l i o s , 1993).

One of the primary effects of phytotoxic amounts of HM in higher plants
is also the inhibition of enzyme activity. Two mechanisms of enzyme inhibi-
tion predominate: a) binding of the metal to functional groups of the enzyme,
such as sulphydryl group, involved in the catalytic action or structural integrity
of enzymes, and b) deficiency of an essential metal in metalloproteins or me-
tal-protein complexes, eventually combined with substitution of the toxic metal
for deficient element (V a n A s s c h e and C l i j s t e r s , 1990).

Investigations on plant material showed that the increase in antioxidant
enzyme activity increases stress tolerance level (Š t a j n e r et al., 1995). Bear-
ing that in mind, and since a number of experiments have shown that Ni in
lower concentrations is beneficial to plant growth (I l i n and K a s t o r i , 1995;
I l i n , 1997), the aim of this study was to investigate the effect of different Ni
concentrations on the activity of the antioxidant enzyme SOD, which is an im-
portant component of the antioxidant defence system. In correlation with this,
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the effect of different Ni concentrations on O2
.— quantity and LP intensity was

investigated as well.

MATERIALS AND METHODS

Plant material for the experiments were the Yugoslav wheat cultivar
Evropa 90 (Triticum aestivum L.), and the maize hybrid NSSC 640 (Zea mays
L.). Seeds were germinated for 48 h in a thermostat at 25—27°C. Seedlings
were grown in nutrient solution R e i d and Y o r k (1958), pH 5.5 (controlled
every other day), under conditions of greenhouse. There were eight plants of
wheat and six plants of maize per pot. After 25 days, plants were treated with
three concentrations of Ni (10—7, 10—5 and 10—3 mol dm—3), for six days. Ni
was supplied in the form of NiSiO4 � 6H2O. Control treatment was the nutrient
solution without Ni added. In Figures 1—3, number 1 represents control,
2—10—7, 3—10—5 and 4—10—3 mol dm—3 Ni. The experiment was set in se-
ven replications. Activity of the antioxidant enzyme SOD, LP intensity and
O2

.— quantity were determined in the obtained plant material.
SOD activity was determined by the method of M i s r a and F r i d o -

v i c h (1972), based on the autocatalytic transformation of epinephrine-adre-
nochrome at pH 10.2. The enzyme was extracted from 1 g of fresh plant mate-
rial (leaves).

The quantity of O2
.— was studied by the inhibition of adrenaline auto-

oxidation in the presence of plant extracts obtained from wheat and maize lea-
ves (M i s r a and F r i d o v i c h , 1972).

LP intensity was measured as malonyldialdehyde (MDA) production at
532 nm. MDA is one of the major final products of lipid peroxidation. MDA
was extracted from plant leaves with a mixture of thiobarbituric and trichloro-
acetic acids, as described by P l a c e r et al. (1968).

The results of the investigation were statistically processed, using the
analysis of variance, regression and correlation analysis.

RESULTS AND DISCUSSION

SOD activity

The total SOD activity in leaves of wheat and maize treated with differ-
ent Ni concentrations is shown in Figure 1.

Significant increase in SOD activity in wheat leaves was established for
the lowest Ni concentration as compared with the control. SOD activity incre-
ased with further increases in Ni concentration, but not significantly. Similar
tendency was also established in leaves of maize.

Increase in SOD activity under conditions of low Ni concentration could
be explained by the assumption that Ni activates some enzymes but it does not
participate in catalytic enzyme reactions (K a s t o r i et al., 1996a).

The induction of some enzymes is considered to play a significant role in
the stress metabolism induced by metal phytotoxicity (V a n A s s c h e and
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C l i j s t e r s , 1990). According to our find-
ings, it seems that metalloenzymes from
the SOD group increase to some extent
(at low Ni concentration) the resistance of
wheat and maize plants to Ni toxicity.

Opposite to our results, the investiga-
tion of P a n d o l f i n i et al. (1996) showed
that Ni did not affect SOD activity in ex-
amined wheat cultivars.

Lipid peroxidation intensity and
superoxide radicals quantity

LP intensity (given in nmol MDA g—1

fresh weight) in leaves of wheat and maize
subjected to different Ni concentrations is
shown in Figure 2.

Results of this investigation showed
that MDA concentration, as a result of pe-
roxidation of membrane lipids, increased in
both examined species with the increase of
Ni concentration in the solution. Similar
LP intensity levels in wheat and maize
were probably caused by analogue SOD
activity at high Ni concentrations. The in-
crease in LP intensity under conditions of
high HM presence was previously observed
by other authors (G a š i ã et al., 1992; K a -
s t o r i et al., 1996b).

The quantity of O2
.— in leaves of

wheat and maize plants exposed to differ-
ent Ni concentrations is shown in Figure 3.

The lowest Ni concentration showed
stimulative effect on SOD activity in wheat.
Thus, the quantity of O2

.— was significantly
lower in this treatment compared with the
control. At higher Ni concentrations the quan-
tity of O2

.— was also lower compared with
the control but not significantly. As a result
of lower SOD activity at the highest Ni
concentration applied, the quantity of O2

.—

significantly increased as compared with the
control. This means that at this Ni concen-
tration the antioxidant system could not co-
pe with the oxidative stress and prevent
LP, caused by increase in quantity of toxic
oxygen species such as O2

.—.
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Fig. 1 — Effect of Ni on superoxide
dismutase activity

Fig. 2 — Effect of Ni on lipid
peroxidation intensity

Fig. 3 — Effect of Ni on superoxide
radicals quantity



In leaves of maize, the quantity of O2
.— significantly increased with all Ni

concentrations used, as compared with the control.
Decrease in SOD activity caused by high Ni concentrations led to an in-

crease in free radicals quantity. They cause damage in vitally important struc-
tures such as cell membranes (degradation of fatty acids) and DNA. Beside
that, O2

.— and its highly reactive derivatives such as hydroxyl radical (.OH)
and singlet oxygen (1O2) damage proteins and chlorophylls (N a v a r r i - I z z o
et al., 1993; Š t a j n e r et al., 1997).

It can be concluded from the results of the study on the effect of Ni on
SOD activity, LP intensity and O2

.— quantity in leaves of wheat and maize,
that the lower Ni concentrations increase SOD activity and decrease the quan-
tity of O2

.—. Higher Ni concentrations decrease SOD activity and increase O2
.—

quantity. LP intensity increased in both examined species with the increase in
Ni concentration in the solution.
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UTICAJ NIKLA NA AKTIVNOST SUPEROKSID-DISMUTAZE,
INTENZITET LIPIDNE PEROKSIDACIJE I KOLIÅINU

KISEONIÅNOG RADIKALA U MLADIM BIQKAMA
PŠENICE I KUKURUZA
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Rezime

Metodom vodenih kultura ispitano je dejstvo razliåitih koncentracija
nikla (10—7, 10—5 i 10—3 mol dm—3) na aktivnost antioksidantnog enzima super-
oksid-dismutaze (SOD), intenzitet lipidne peroksidacije (LP) i koliåinu ki-
seoniånog radikala (O2

.—) u listovima mladih biqaka pšenice i kukuruza. Re-
zultati istraÿivawa ukazuju da su niÿe koncentracije nikla poveãale aktiv-
nost SOD, dok su više koncentracije nikla smawile aktivnost ovog enzima ka-
ko kod pšenice tako i kod kukuruza. Kao posledica toga, koliåina O2

.— je pri
niÿim koncentracijama nikla bila znaåajno smawena, dok je pri visokim kon-
centracijama nikla došlo do poveãawa koliåine O2

.— u listovima pšenice. U
listovima kukuruza koliåina kiseoniånog radikala je rasla sa poveãawem kon-
centracije nikla. Intenzitet lipidne peroksidacije se poveãavao kod obe is-
pitivane vrste, sa poveãawem koncentracije nikla u rastvoru.
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LEPIDIO CRASSIFOLIO — FESTUCETUM PSEUDOVINAE
ASSOC. NOVA OF THE HALOBIOME IN YUGOSLAVIA

ABSTRACT: In the northwestern part of the Yugoslavia region, on the solonshak
soil, between the Åonoplja and Svetozar Miletiã settlements, the stands of the association
which we described as Lepidio crassifolio — Festucetum pseudovinae assoc. nova were re-
corded. Within this association, the stands of Lepidio crassifolio — Festucetum pseudovinae
phragmitetosum communis subassoc. nova and Lepidio crassifolio — Festucetum pseudovi-
nae camphorosmetosum annuae subassoc. nova subassociations were differentiated.

KEY WORDS: association, characteristic taxon, stand, synecology, syntaxonomic
status.

INTRODUCTION

The Åonoplja and Svetozar Miletiã settlements were established in the lo-
ess terrace of the northwestern part of the Yugoslavia region. In the surround-
ings of these settlements, the halobiome with the investigated stands is of so-
lonshak type (Ÿ i v k o v i ã et al., 1972). According to data of the meteorology
station in the Sombor City, the average annual temperature of the investigated
area has been of 10.6°C, and during the vegetation period (April—October) of
17.5°C. The average annual precipitation has been of 576 mm, and during the
vegetation period of 319 mm. The semiarid period has extended from the be-
ginning of July to the first third of October, and the arid one from the middle
of August to the middle of September (J a n j a t o v i ã et al., 1991).

Phytocenological analyses of the investigated stands were done according
to B r a u n — B l a n q u e t method (1951). Plants were determined after H e g i
(1965), J o s i f o v i ã (1970—1977), S o ó (1964—1985) and T u t i n (1964—
1980). The system of floral elements after G a j i ã (1980), ecological indices
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after Landolt (L a n d o l t , 1977; K n e ÿ e v i ã 1994) and biological spectrum
after Raunkiaer (K n e ÿ e v i ã , 1994) were used.

RESULTS AND DISCUSSION

Syntaxonomic status of the recorded association is as follows:

Class: Festuco — Puccinellietea S o ó 1968
Order: Artemisio — Festucetalia pseudovinae S o ó 1968
Alliance: Festucion pseudovinae S o ó 1933
Suballiance: Halo — Festucenion pseudovinae V u å k o v i ã 1985
Association: Lepidio crassifolio — Festucetum pseudovinae assoc. nova
Subassociation: Lepidio crassifolio — Festucetum pseudovinae phragmi-

tetosum communis subassoc. nova
Subassociation: Lepidio crassifolio — Festucetum pseudovinae camphoro-

smetosum annuae subassoc. nova

Association Lepidio crassifolio — Festucetum pseudovinae is of semide-
sert character. In its stands abundance is 80—90%, and flora is composed of
22 taxa.

Species that are characteristic for the association Fectuca pseudovinae
and Lepidium crassifolium W. et K. /L cartilagineum ( M a y . ) T h e l l . / have
edificatorial and subedificatorial role.

These two species, together with Podospermum canum, Odontites rubra
and Camphorosma annua, make a characteristic group.

Besides above mentioned species, another eight taxa, appearing in the flo-
ristic composition of Festuco — Puccinellietea class, were recorded.

Qualitative and quantitative participation of the taxa of Festuco — Bro-
metea class and „Other taxa" were low (Tab. 1.).

Phytocenological Tab. 1 — Association Lepidio crassifolio — Festucetum pseudovinae assoc.
nova

L
if

e
fo

rm

F
lo

ri
st

ic
el

em
en

t

Subassociation phragmitetosum
communis

camphorosmetosum
annuae

P
re

se
nc

e

Size of sample area in m2 25 25 25 25 25 25 25 25

Coverage % 80 80 90 90 90 90 90 90

Character taxa of ass.

H Eua Festuca pseudovina H a c k . 3.3 2.2 3.4 3.4 4.4 4.3 4.4 5.4 V

H ST Lepidium crassifolium W . et K . 2.2 2.2 2.1 2.3 3.3 3.3 2.2 3.3 V

Differential taxa

H K
Phragmites communis T r i n .
var. stolonifera ( G . F . W .
M e y . ) H e g i

2.1 1.1 1.1 — — — — — II

T Pt-P Camphorosma annua P a l l . — — — 2.2 +.1 3.3 +.1 1.1 IV
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Festuco-puccinellietea
Character taxa

H ISM Podospermum canum C . A .
M e y . 2.1 1.1 1.1 — — — — — II

T SSE Odontites rubra G i l i b . — +.1 2.2 2.1 1.1 +.1 2.1 1.1 V

H Eua Plantago maritima L . 1.1 2.2 +.1 +.1 — — — — III

H SP Puccinellia limosa ( S c h u r . )
H o l . — +.1 — +.1 — +.1 — +.1 III

T SPt-
SM

Cerastium dubium ( B o s t . )
S c h w . — — 1.1 2.1 1.1 +.1 — — III

H P Aster tripolium L . var.
pannonicum J a c q . — +.1 +.1 +.1 — — — — II

T SM Hordeum maritimum W i t h .
subsp. gussoneanum P a r l . — — — — +.1 +.1 — — II

T Eua Atriplex litoralis L . — — +.1 — — — — — I

H SSE Lotus tenuis K i t . — — — + — — — — I

T Spt Plantago tenuiflora W . et K .
f . depauperata D o m i n . — — — — — — — 2.2 I

Festuco-brometea
Character taxa

T SM Bromus mollis L . — — — — 1.1 +.1 +.1 — II

H Eua Achillea millefolium L . subsp.
collina ( B e c k e r ) W e i s s — — — +.1 — — — — I

T SM Crepis setosa H o l l . — — — +.1 — — — — I

T SSE Carduus acanthoides L . — — — + — — — — I

Other taxa

T SEua Atriplex tatarica L . +.1 — — — — — — — I

T SSE Bromus commutatus S c h r a d . — — — — + — — — I

T SPt-
SM Lactuca saligna L . — — — — + — — — I

T SEua Daucus carota L . — — — — — — +.1 — I

The stands of Lepidio crassifolio — Festucetum pseudovinae assoc. nova
association are not good for haymaking and cattle do not like to graze them.

At the beginning of the vegetation period, the soil on which these stands
develop, was considerable wet. With the end of the spring rainfalls, the under-
ground water level gradually decreased, thus during the semiarid period we re-
corded its average value at about 120 cm. During that period, due to capillary
rising of the saline underground water, in the lower terrains around an artifi-
cial canal soil was rather wet, but with an increased salt contents in the rhi-
sosphere layers. At the same time, due to rinse, in the elevated terrains salt
was concentrated in the deeper layers.

Under such conditions, the association divided into two following subas-
sociations: Lepidio crassifolio — Festucetum pseudovinae phragmitetosum com-
munis subassoc. nova, with Phragmites communis T r i n . var. stolonifera (G .
F . W . M a y e r ) H e g i as a differential taxon, and Lepidio crassifolio —
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Festucetum pseudovinae camphorosmetosum annuae subassoc. nova, with Cam-
phorosma annua P a l l . as a differential taxon.

Floristic diversity of Lepidio crassifolio — Festucetum pseudovinae phrag-
mitetosum communis subassoc. nova subassociation was lower, and proportio-
nal participation of the taxa characterized by ecological index S+ was higher
(90.91%), comparing with Lepidio crassifolio — Festucetum pseudovinae cam-
phorosmetosum annuae subassoc. nova subassociation characterized by the
presence of the taxa of Festuco — Brometea class and higher number of the
„Other taxa", while, in its stands, proportional participation of the taxa having
S+ ecological index was lower (63.16%).

Stratification was recorded only during the spring within the stands of Le-
pidio crassifolio — Festucetum pseudovinae phragmitetosum communis subas-
soc. nova subassociation with straightened shoots of Phragmites communis
var. stolonifera making the upper stratum. During the semiarid and arid peri-
ods, when the reed was bent, there was no stratification within the stands of
the investigated association.

Due to low floristic diversity, seasonal dynamism of the association was
poorly expressed. The early summer aspect, with the gloomy violet clusters of
Festuca pseudovina, mosaic distributed clusters of Lepidium crassifolium and
less frequent and smaller yellow clusters of Podospermum canum, was the
most characteristic and the most apparent.

The area type spectrum was characterized by 68.18% participation of the
narrow spread taxa, 4 of them being Submiddeuropean, 3 Submediterranean, 1
East submediterranean, 2 Subpontic-Sumediterranean, 1 Subpontic, 1 Pon-
tic-Pannonian, 1 Subpannonian, 1 Pannonian and 1 Subturan, and by 31.82 %
participation of the wide spread taxa, among them 4 being Eurasian, 2 Subeu-
rasian and 1 Cosmopolitan. The diversity and dominant role of the narrow
spread taxa speak about the influence of the different climates interweaving
and physical and chemical features of the soil on the association development.
Presence of the taxa, which grow only within the Pannonian Plain, confirms
endemic character of the association, while subdominant role of Lepidium
crassifolium indicates semidesert character.

Biological spectrum of the association is characterized by 59.10% the-
rophytes participation and 40.90% hemicryptophytes participation. The hemi-
cryptophytic-therophytic character is a result of a rather dry and saline soil.

On the basis of the ecological indices average values it can be concluded
that the association is characterized by domination of the open habitat plants
(L — 3.91; T — 3.93) which overgrow mostly arid (F — 2.38) and moderate
alkaline (R — 3.46) soil of the heavy mechanical structure (D — 3.99) with
low nutrient and humus contents (N — 2.36; H — 2.18).

Comparison of the stands of Lepidio crassifolio — Festucetum pseudovi-
nae assoc. nova association with floristically the most similar stands of Plan-
tagineto — Festucetum pseudovinae P a r a b u ã s k i 1980 association from the
western part of Vojvodina, described by P a r a b u ã s k i (1980), and the stands
of Artemisio — Festucetum pseudovinae (M a g y a r 1928) S o ó 1945 associa-
tion recorded by K a b i ã (1985) in the western part of Vojvodina, points to
the following facts:
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The edificator species of the compared associations is a wide spread Eur-
asian taxon — Festuca pseudovina (Eurasian floral element of the continental
character — S o ó 1973).

A narrow spread East Submediterranean taxon — Podospermum canum
(Pontic — Mediterranenan floral element — S o ó 1970) is a member of the
characteristic group of all associations.

The subedificator species of the compared associations, narrow spread
taxa: Lepidium crassifolium (Pannonian endem — S o ó 1968), Plantago schwar-
zenbergiana (Pannonian floral element — G a j i ã 1980; Transilvanian-Panno-
nian endem — S o ó 1968) and Artemisia maritima subsp. salina (Continental
floral element — S o ó 1970) exclude each other.

The floristic composition of Lepidio crassifolio — Festucetum pseudovi-
nae assoc. nova association is characterized by the presence of 22 taxa,
68.18% of them being characterized by S+ ecological index. Qualitative and
quantitative participation of the taxa of Festuco — Brometea class and „Other
taxa" are low (Tab. 1).

The floristic composition of Plantagineto-Festucetum pseudovinae P a r a -
b u ã s k i 1980 association is characterized by the presence of 42 taxa, 59.09%
of them being characterized by S+ ecological index. Qualitative and quantita-
tive participation of Festuco — Brometea class taxa, and particularly „Other
taxa" in certain stands, are higher (P a r a b u ã s k i , 1980).

Fourteen taxa, 65.21 % of them being characterized by S+ ecological
index, make floristic composition of Artemisio — Festucetum pseudovinae (M a -
g y a r 1928) S o ó 1945 association. Qualitative participation of Festuco —
Brometea class taxa and „Other taxa" is low, and their quantitative participa-
tion is minor (K a b i ã , 1985).

The comparative review indicates that, from the synecological and syn-
taxonomic point of view, Lepidio crassifolio — Festucetum pseudovinae assoc.
nova association is an intermediate association between Plantagineto — Festu-
cetum pseudovinae P a r a b u ã s k i 1980 and Artemisio — Festucetum pseudo-
vinae (M a g y a r 1928) S o ó 1945 associations.

CONCLUSION

In the northwestern part of the Yugoslavia region, on the solonshak soil,
between the Åonoplja and Svetozar Miletiã settlements, the stands of Lepidio
crassifolio — Festucetum pseudovinae assoc. nova association were recorded.
Within these stands Lepidio crassifolio — Festucetum pseudovinae phragmite-
tosum communis subassoc. nova subassociation, with Phragmites communis
T r i n . var. stolonifera (G . F . W . M a y e r ) H e g i as a differential taxon,
and Lepidio crassifolio — Festucetum pseudovinae camphorosmetosum annuae
subassoc. nova subassociation, with Camphorosma annua P a l l as a differen-
tial taxon, were differentiated.

The stands of Lepidio crassifolio — Festucetum pseudovinae phragmite-
tosum communis subassoc. nova subassociation were characterized by lower
floristic diversity. They developed in lower terrain where, due to capillary ris-
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ing of the saline underground water to the rhizosphere layers, during the semi-
arid period the soil was rather wet, but with an increased salt content.

The stands of Lepidio crassifolio — Festucetum pseudovinae camphoro-
smetosum annuae subassoc. nova subassociation were characterized by some-
what higher floristic diversity. They developed in the elevated terrain where,
during the semiarid period, the salt was rinsed into the deeper layers.

The low floristic diversity, absence of apparent stratification and seasonal
dynamism, high participation of the therophytic plants and spread only within
the Pannonian Plain speak about extreme conditions and endemic character of
the association.

From the synecological and syntaxonomic point of view, Lepidio crassi-
folio — Festucetum pseudovinae assoc. nova association is an intermediate as-
sociation between Plantagineto — Festucetum pseudovinae P a r a b u ã s k i
1980 and Artemisio — Festucetum pseudovinae (M a g y a r 1928) S o ó 1945
associations of Halo — Festucenion pseudovinae V u å k o v i ã 1985 suballi-
ance of Festucion pseudovinae S o ó 1933 alliance of Artemisio — Festuceta-
lia pseudovinae S o ó 1968 order and of Festuco — Puccinellietea S o ó 1968
class.
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Rezime

U predelu severozapadne Jugoslavije, na solonåaku izmeðu naseqa Åonopqa
i Svetozar Miletiã, konstatovane su sastojine zajednice Lepidio crassifolio —
Festucetum pseudovinae asoc nova.

U okviru wih izdiferencirane su subasocijacije Lepidio crassifolio — Fe-
stucetum pseudovinae phragmitetosum communis subasoc nova åiji je diferencijal-
ni takson Phragmites communis var. stolonifera i Lepidio crassifolio — Festucetum
pseudovinae camphorosmetosum annuae subasoc nova åiji je diferencijalni tak-
son Camphorosma annua.

Sastojine subasocijacije Lepidio crassifolio — Festucetum pseudovinae phrag-
mitetosum communis su floristiåki siromašnije. Obrastaju niÿa staništa koja
su tokom polusušnog perioda, usled kapilarnog dospevawa slane podzemne vode
do rizosfernih slojeva zemqišta, nešto vlaÿnija i zaslawenija.

Sastojine subasocijacije Lepidio crassifolio — Festucetum pseudovinae camp-
horosmetosum annuae su floristiåki nešto bogatije. Razvijene su na višim
staništima zajednice iz kojih su tokom polusušnog perioda soli isprane u du-
bqe slojeve zemqišta.

Siromašan floristiåki sastav, slabo izraÿena spratovnost i sezonska
dinamika, obilno uåešãe terofita i areal ograniåen na podruåje Panonske
nizije ukazuju na ekstremnost uslova razvoja i endemiåan karakter zajednice.

U sintaksonomskom i sinekološkom pogledu zajednice Lepidio crassifolio
— Festucetum pseudovinae asoc. nova je intermedijerna zajednicama Plantagineto
— Festucetum pseudovinae P a r a b u ã s k i 1980 i Artemisio — Festucetum pseudovi-
nae (M a g y a r 1928) S o ó 1945 podsveze Halo — Festucenion pseudovinae V u å k o -
v i ã 1985, sveze Festucion pseudovinae S o ó 1933, reda Artemisio — Festucetalia
pseudovinae S o ó 1968 i klase Festuco Puccinelietea S o ó 1968.
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DISTRIBUTION OF SPECIES OF THE GENUS
Salvia L. 1754 (Sect. Pletiosphace B e n t h a m .)

IN THE VOJVODINA PROVINCE, YUGOSLAVIA

ABSTRACT: The Vojvodina Province is located in the southeastern part of the Pan-
nonian Plain. It covers an area of 215,099 km2 of which 76.6% are cultivated. That is why
it is called the breadbasket of Yugoslavia. Owing to this fact, investigations of the native
flora of the Province have special significance. The paper presents the results of a distribu-
tion survey of species of the genus Salvia in the Vojvodina Province. Of 36 Salvia species
in the European flora, 9 occur in the Vojvodina Province: Salvia aethiopis L., S. glutinosa
L., S. pratensis L., S. nemorosa L., S. amplexicaulis L a m . , S. nutans L., S. austriaca
J a c q . , S. verticillata L. and S. reflexa H o r n e m . There are also records of a large num-
ber of infraspecific taxa and of one fixed hybrid. UTM maps show the distribution of the
recorded taxa. S. nutans and S. amplexicaulis have disappeared from the Vojvodina Provin-
ce. Importance of protecting these species is in their potential use as medicinal plants.

KEY WORDS: native flora, chorological distribution, infraspecific taxa, potential me-
dicinal plants, protection.

INTRODUCTION

The genus Salvia belongs to subfamily Lamioideae, family Lamiaceae,
order Lamiales, subclass Lamiidae, class Magnoliopsida, and section Magnoli-
ophyta (T a h t a d j a n , 1987). Comprising about 500 species, it is the largest
genus in the family Lamiaceae. Out of thirty six species occurring in Europe
( H e d g e , 1972), fourteen grow in Serbia (D i k l i ã , 1974). Nine Salvia speci-
es occur in Vojvodina. The paper presents the distribution of five Salvia speci-
es of Sect. Plethiosphace B e n t h a m , Salvia pratensis L., S. nemorosa L., S.
amplexicaulis Lam., S. nutans L. and S. austriaca J a c q . , and of their infra-
species taxa.
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MATERIAL AND METHODS

Plant systematics has been based on Systema magnoliofitorum (T a h t a -
d j a n , 1987). The description of each taxon is supplemented with its floral el-
ements (S o ó , 1968). Chronological distribution of each Salvia species is also
presented.

RESULTS AND DISCUSSION

In the Vojvodina Province, the genus Salvia is represented by nine speci-
es, Salvia aethiopis L., S. glutinosa L., S. pratensis L., S. nemorosa L., S.
amplexicaulis L a m . , S. nutans L., S. austriaca J a c q . , S. verticillata L. and
S. reflexa H o r n e m . A hybrid Salvia nemorosa x pratensis (S. silvestris L.)
has also been found. These taxa are classified into five sections: Sect. Aethio-
pis, Sect. Drymosphace, Sect. Plethiosphace, Sect. Hemisphace and Sect. Ca-
lophace.

A chorological distribution of the species and infraspecific taxa of Sect.
Plethiosphace in the Vojvodina Province is presented. Location data were ba-
sed on the available literature, herbarium specimens of the Institute of Biol-
ogy, Novi Sad, and our own field reconnaissance. The chorological distribu-
tion of the species is given in Figure 1.

Five species of Sect. Plethiosphace, S. pratensis L., S. nemorosa L., S.
amplexicaulis L a m . , S. nutans L., and S. austriaca have been reported for
the Vojvodina Province. The above hybrid also belongs to this section.

S. pratensis is a sub-Central European floral element. Its distribution in
Vojvodina has been reported for the regions of Baåka, Banat, and Srem (Figu-
re 1). In Baåka, in addition to S. pratensis subsp. pratensis var. pratensis f.
pratensis, S. pratensis subsp. pratensis var. ( S c h m . ) R c h b ., S. pratensis l.
bicolor B o ÿ a et O b r a d o v i ã , S. pratensis l. rosea L a t u r and S. pratensis
l. variegata (W . et K . in W i l l d .) Maly have also been recorded.

Salvia pratensis L. subsp. pratensis

var. pratensis f. pratensis
Baåka: Subotica CS 90; Haj-

dukova pustara, Dašåan, Jasenovac,
Hrastovaåa, Dašåan, Kelebija, Åa-
volj CS 91; Paliã, Ludaška pusta
DS 00; Horgoš DS 11; Kamaraš DS
21; Baåki Monoštor, Bezdan, Štrbac
CR 37; Svilojevo CR 45; Gakovo
CR 48; Rastina CR 49; Srpski Mile-
tiã CR 54; Doroslovo, Sonta CR 55;
Sombor CR 57; Riðica CR 59;
Odÿaci CR 64; Kljajiãevo CR 67;
Sivac CR 76; Kula CR 85; Lipar
CR 86; Gornja Rogatica, Oreškoviã
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CR 87; Futog CR 91; Vrbas CR 94; Bajša, Baåka Topola CR 97; Ÿednik, Ma-
li Beograd CR 98; Veternik DR 01; Åantavir DR 08; Kaã — Budisava DR 11;
Temerin DR 12; Kovilj DR 20; Budisava, Šajkaš DR 21; Ÿabalj, Gospoðinci
DR 22; Stari Beåej DR 25; Senta DR 28; Lok DR 30; Mošorin, Mošorin—Vi-
lovo DR 31; Titel—Tisa, Titel DR 40

Banat: Banatski dvor DR 64; Jarkovac DR 81; Puÿevo brdo, Gudurica
ER 30; Deliblato EQ 06; Rošijana EQ 07; Brandibul EQ 08; Sušara EQ 17;
Guzajne EQ 28; Magareãi vrh EQ 29; Mesiã, Dubrava, Soåica, Jablanka EQ
39; Karaula EQ 49

Srem: Neštin, Viziã CR 70; Banoštor, Åereviã, Testera, Åereviã—Katan-
ske livade, Ravne, Andravlje, Brankovac CR 90; Rakovac, Osovlje DR 00;
Straÿilovaåki breg, Straÿilovaåki breg—Lipe, Bukovac, Selište—Direk, Straÿi-
lovo, Banstol, Venac, Širine, Paragovo, Karlovci DR 10; Åortanovci, Kalakaå
DR 20; Koševac DR 30; Ristovaåa CQ 67; Åalma CQ 89; Mutalj, Sanåa, Gr-
gurevci, Glavica CQ 99; Pavlovci DQ 08; Kukavica, Vrdnik, Vrdniåki hrub,
Rovaåa, Rivica DQ 09; Kajnovac, Ševinjak, Irig, Maksimovac, Prnjavor, Veli-
ka Remeta DQ 19; Šelovrenac, Kalakaå—Beška, Åortanovci—Beška DQ 29

Species variability:

Salvia pratensis subsp. pratensis var. rostrata ( S c h m . ) R c h b .

Baåka: along the road to Jasenovac CS 91.
S. pratensis L. l. bicolor B o ÿ a et O b r a d o v i ã

Baåka: Lipar CR 86; Oreškoviã CR 87.
Salvia pratensis L. l. rosea L a t u r

Baåka: Hrastovaåa CS 91; Lipar CR 86; Gornja Rogatica CR 87.
Salvia pratensis L. l. variegata (W . et K . in W i l l d ) M a l y

Baåka: Teleåka CR 77; Crvenka CR 85; Lipar, Lipar—Bajša CR 86.

S. nemorosa belongs to the sub-Pontic floral element. It is a widely distri-
buted species and the most frequent
Salvia species in the Vojvodina Pro-
vince (Figure 2). In Baåka, the type
species is accompanied by infra-
specific taxa S. nemorosa f. aprica
( S c h u r .) S o ó , and S. nemorosa
l. purpurea P r i s z t e r , while S. ne-
morosa l. albiflora S c h u r . , S. ne-
morosa l. badaconyensis S o ó and
S. nemorosa f submollis B o r b . al-
so occur in the regions of Baåka
and Banat. Hybridization is frequent
between S. pratensis and S. nemoro-
sa in Baåka and Srem, which resul-
ted in the development of a hybrid
species (Figure 3).
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Salvia nemorosa L.

Baåka: Subotica CS 90; Horgoš DS 11; Kamaraš DS 21; Ristovaåa, Bez-
dan, Monoštor CR 37; Apatin—Kurjaåica, Svilojevo CR 45; Gakovo CR 48;
Rastina CR 49; Karavukovo, Srpski Miletiã CR 54; Sonta, Doroslovo CR 55;
Sombor CR 57; Stanišiã CR 58; Riðica CR 59; Baå CR 62; Deronje CR 63;
Odÿaci, Baåki Graåac CR 64; Baåki Brestovac CR 65; Kljajiãevo, Åonoplja
CR 67; Baåka Palanka CR 71; Ruski Krstur, Laliã CR 74; Krušåiã CR 75; Si-
vac CR 76; Kula, Crvenka—Panonija CR 85; Srednji Salaš, Lipar CR 86; Ro-
gatica, Oreškoviã CR 87; Veternik—Futog CR 91; Stepanoviãevo CR 93; Vr-
bas CR 94; Feketiã, Lovãenac CR 95; Mali Iðoš CR 96; Bajša, Karaðorðevo
CR 97; Zobnatica, Ÿednik, Mali Beograd CR 98; Novi Sad—Veternik, Rimski
šanåevi, Rumenka DR 01; Sirig DR 03; Åantavir DR 08; Kaã—Budisava DR
11; Temerin DR 12; Kovilj DR 20; Budisava, Šajkaš DR 21; Ÿabalj, okolina
Ðurðeva, Gospoðinci DR 22; Baåko Gradište DR 24; Beåej DR 25; Senta DR
28; Senãanski Trešnjevac DR 29; Lok—Vilovo DR 30; Mošorin—Vilovo;
Mošorin—Tisa DR 31; Lok—Titel, Titel—Tisa DR 40.

Banat: Ðala DS 31; Kumane DR 34; Padej DR 37; Åoka, Jazovo DR 38;
Filiã—Novi Kneÿevac DR 39; Mali Siget—Veliki Siget, Banatsko Aranðelovo
DS 40; Aradac—Tisa DR 42; Elemir—Okanj DR 43; Melenci—Ostrovo DR
44; Novo Miloševo DR 46; Sajan DR 47; Crna bara DR 49; Belo Blato DR
51; Zrenjanin, Muÿlja DR 52; Orlovat DR 61; Lazarevo DR 62; Åestereg DR
64; Tomaševac DR 71; Banatski Despotovac—Deraåka bara DR 72; Boka,
Jarkovac DR 81; Seåanj DR 82; Ilandÿa DR 90; Konak DR 91; Lokve ER 00;
Vatin ER 20; Malo središte ER 30; Deliblato, Deliblatska bara EQ 06; Fla-
munda, Palošãe, Tilva—Sušara EQ 07; Brandibul, pašnjak Mala åoka EQ 08;
Konstantinova bara EQ 16; Grebenac EQ 17; Vlajkovac, Pavliš EQ 19; Kuštilj
EQ 28; Vršac, Kapelin breg, EQ 29; Široko bilo EQ 39; Tilva—åoka, pašnjak
oko Kravana DQ 97; Devojaåki Bunar—Tilva DQ 89—DQ 98; Devojaåki Bu-
nar DQ 89; Kravan DQ 97; Tilva DQ 98; Alibunar DQ 99.

Srem: Neštin, Plandište CR 70; Susek CR 80; Andrevlje, Åereviã, Teste-
ra CR 90; Kamenica, Zmajevac, Beoåin, Rakovac DR 00; Karlovci, Banstol,
Remeta—Straÿilovo DR 10; Petrovaradin, Krstatica, Mali šveb DR 11; Kala-
kaå, Åortanovci DR 20; Koševac DR 30; Slankamen—Koševac DR 30—DQ
49; Koševac—Kalakaå DR 20—DR 30; Kuzmin CQ 78; Baåinci—Erdevik
CQ 79; Åalma CQ 89; Vranjoš, Plakor, Åikaš, Stejanovaåki Gat CQ 98; Gla-
vica, Bešenovo, Mutalj kod Šuljma, Mala Remeta CQ 99; Kukavica, Pavlovci,
Vrdniåki hrub, Vrdnik DQ 09; Krušedol, Ševinjaka, Iriga, Kajnovac DQ 19;
Karlovåiã DQ 26; Šelovrenac, Beška DQ 29; Stari Slankamen DQ 49.

Species variability:

Salvia nemorosa L. f. aprica ( S c h u r ) S o ó

Baåka: Sirig DR 03; Baåko Gradište DR 24.
Salvia nemorosa L. f. submollis B o r b .

Srem: Stari Slankamen—Kråedin DR 30.
Salvia nemorosa L. l. albiflora S c h u r .
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Baåka: Kanjiÿa—Horgoš DS 11—DS 20; Mali Iðoš CR 96; Rimski šan-
åevi, Novi Sad DR 01; Sirig DR 03; Titelski breg DR 40.

Banat: Tomaševac—Botoš DR 71.
Salvia nemorosa L. l. badacsonyensis S o ó

Baåka: Srednji salaš CR 86; Lovãenac CR 95; Novi Sad DR 01; Titel
DR 40.

Banat: Tomaševac DR 71.
Salvia nemorosa L. l. purpurea P r i s z t e r

Baåka: Titel, Titelski breg DR 40.
Salvia nemorosa x pratensis (S. silvestris L.)

Baåka: Srednji Salaš CR 86; Ÿabaljska pustara DR 22.
Srem: Åereviã CR 90; Karlovci DR 10; Petrovaradin DR 11; Åortanovci

DR 20; Beška DQ 29; Slankamen DQ 49; Vrdnik DQ 90.

Today, the species S. amplexicaulis and S. nutans of Sect. Plethiosphace
may be considered as extinct in the
Vojvodina Province.

According to the Bulgarian Flo-
ra (M a r k o v a , 1989), a sub-Me-
diterranean species S. amplexicaulis
occurs in the Balkan Peninsula while
it is rare in Rumania and Hunga-
r y . W a g n e r (1914) and J a v o r -
k a (1925) quoted this species for
the Deliblato Sands in the region of
Banat. Since there have been no sub-
sequent reports, the species may be
presumed extinct from the flora of
the Vojvodina Province (Figure 5).

Salvia amplexicaulis L a m .

Banat: Deliblatska pešåara EQ
06.

S. nutans is a Pontic species.
In the Vojvodina Province, its oc-
currence is confined to several loca-
tions in Baåka and two in Srem (Fi-
gure 5). The last record of this spe-
cies, made in 1966, was not confir-
med by later field reconnaissances;
therefore, the species is presumed
extinct from its natural habitats.

Salvia nutans L.

Baåka: Bogojevo CR 54; Som-
bor CR 57; Sivac CR 76; Futog CR
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Fig. 3 — Distribution of S. pratensis x
S. nemorosa in Vojvodina

Fig. 4 — Distribution of S. amplexicaulis
in Vojvodina



91; Vrbas CR 94; Rimski šanåevi,
Novi Sad, Novi Sad—Futog DR 01;
Kisaå DR 02; Beåej DR 25.

Srem: Glavica CQ 99.

S. austriaca belongs to the Pon-
tic-Pannonian floral element. In the
Vojvodina Province, it is wide-
spread in Baåka, Banat, and Srem.
According to the distribution data, it
is most frequent in Baåka and some-
what less frequent in Banat and Srem,
possibly due to the steppe character
of the species. An argument in fa-
vor of its character are beautifully
conserved steppe fragments in the
region of Baåka (Figure 4).

Salvia austriaca J a c q .

Baåka: Paliã, Ludaško jezero
DS 00; Baåki Vinogradi DS 10; Hor-
goš DS 11; Horgoš—Kanjiÿa DS 20;
Štrbac, Bezdan CR 37; Apatin CR
45; Gakovo CR 48; Sombor CR 57;
Stanišiã CR 58; Riðica, Stanišiã—
Riðica CR 59; Kljajiãevo, Åonoplja
CR 67; Ruski Krstur CR 74; Kru-
šåiã CR 75; Sivac CR 76; Paåir CR
78; Srednji Salaš, Lipar CR 86; Ore-
škoviã, Rogatica CR 87; Futog CR
91; Stepanoviãevo CR 93; Lovãe-
nac, Feketiã CR 95; Baåka Topola,
Bajša CR 97; Zobnatica, Ÿednik CR

98; Novi Sad DR 01; Sirig DR 03; Srbobran DR 14; Beåej DR 25; Kanji-
ÿa—Senta DR 29.

Banat: Ðala—Rabe DS 31; Novi Beåej DR 35; Åoka—Novi Kneÿevac
DR 39; Zrenjanin—Aradac DR 42; Kikinda DR 57; Åestereg DR 64; Velike
Livade DR 65; Tomaševac—Uzdin DR 70—DR 71; Banatski Despotovac—
Sutjeska DR 72; Seåanj DR 82.

Srem: Åereviã, Åereviã—Katanske livade, Katanske livade CR 90; Glavi-
ca—Majur CR 90—CQ.

Two valuable species, S. amplexicaulis and S. nutans were irrevocably
lost. S. austriaca is a vulnerable species which deserves our attention. S. pra-
tensis and S. nemorosa, although still frequent in the Vojvodina Province, ne-
cessitate a future action towards their protection and conservation.
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Fig. 5 — Distribution of S. nutans
in Vojvodina

Fig. 6 — Distribution of S. austriaca
in Vojvodina



REFERENCES

B a b i ã , N . , P a r a b u ã s k i , S . (1971): Prikaz vegetacije Šajkaške. In: Šajkaška pri-
roda kraja (Ed. B u k u r o v , B . ). Vojvoðanski muzej, Matica srpska, Novi Sad.

B o ÿ a , P . (1976): Flora Bajše, diplomski rad. PMF, Institut za biologiju, Novi Sad.
B o ÿ a , P . , A d a m o v i ã , D . , B u t o r a c , B . , K n e ÿ e v i ã , A . (1997): Osiroma-

šenje biljnog genofonda i diverziteta flore Jugoslavije, Savremena poljoprivreda,
vol. 44, br. 3—4: 39—46.

B u d a k , V . (1998): Flora i biljnogeografske odlike flore slatina Baåke, Matica srp-
ska, Novi Sad.

B u t o r a c , B . (1992): Vegetacija Fruškogorskog lesnog platoa, Matica srpska, Novi
Sad.

D i k l i ã , N . (1974): Rod Salvia L. In: Flora SR Srbije, vol. VI. (Ed. J o s i f o v i ã ,
M . ), SANU, Beograd, 432—453.

D i k l i ã , N . (1986): Lamiaceae. In: Flora i vegetacija Subotiåko Horgoške pešåare
(Ed. G a j i ã , M . ). Šumarski fakultet, Beograd i Šumsko gazdinstvo, Subotica,
225—236.

D i k l i ã , N . , V a s i ã , O . (1983): Lamiaceae. In: Flora Deliblatske pešåare (Ed.
G a j i ã , M . ). PMF, Novi Sad, 276—300.

G a j i ã , M . (1980): Pregled vrsta flore SR Srbije sa biljnogeografskim oznakama,
Glasnik Šumarskog fakulteta, ser. A „Šumarstvo", N° 54: 111—141.

G o d r a , B . E . (1872): Flora der Peterwardeiner Grenz-Regiments, Österreichsche
Botanische Zeitschrift, N° 9: 291—297.

G r d i n i ã , B . (1996): Znaåaj floristiåkih istraÿivanja u funkciji unapredjivanja nasta-
ve biologije, doktorska disertacija. PMF, Institut za biologiju, Novi Sad.

H e d g e (1972): Labiatae. In: Flora Europaea III (Eds. T u t i n , T . G . , H e y -
w o o d , V . H . , B u r g e s , N . A . , M o o r e D . M . , V a l e n t i n e , D . H . ,
W a l t e r s , S . M . , W e b b , D . A . ). Cambridge University Press, Cambridge,
188—192.

I g i ã , R . (1988): Pregled flore Titelskog brega, Zbornik Matice Srpske za prirodne
nauke, br. 74/1988: 135—152.

I g i ã , R . (1991): Floristiåke odlike Baåke lesne zaravni, doktorska disertacija. PMF,
Institut za biologiju, Novi Sad.

J á v o r k a , S . , C s a p o d y , V . (1975): Iconographia florae partis Austro-orientalis
Europae centralis, Akadémiai kiadó, Budapest.

K n e ÿ e v i ã , A . (1994): Monografija flore vaskularnih biljaka na slatinama u regio-
nu Banata (Jugoslavija), Matica srpska, Novi Sad.

K o v á c s , F . (1929): Óbecse határának virágos növényei, Szeged városi nyomda és
könyvkiadó R. T., Szeged.

K u p c s o k , S . (1915): Adatok Bács-Bodrogmegye déli részének és Szerémmegyének
flórájához, Magyar botanikai lapok XIII: 81—96.

L á n y i , B . (1914): Csongrádmegye flórájának elõmunkálatai, Magyar Botanikai la-
pok XIII, No 6/9: 332—374.

O b r a d o v i ã , M . (1966): Biljnogeografska analiza flore Fruške gore, Matica srpska,
Odeljenje za prirodne nauke, Novi Sad.

P a n j k o v i ã , V . (1977): Biljnogeografska analiza flore Deliblatske pešåare, magi-
starski rad. PMF, Institut za biologiju, Novi Sad.

59



P a n j k o v i ã , V . (1983): Biljnogeografska analiza flore Vršaåkog brega, doktorska
disertacija. PMF, Institut za biologiju, Novi Sad.

P r o d a n , G . (1916): Bács-Bodrog vármegye flórája, Magyar Botanikai lapok XII,
No 5: 120—269.

S o ó , R . (1968): Salvia. In: A Magyar flóra és vegetáció rendszertani-növényföldrajzi
kézikönyve III: 102—107. Akadémia kiadó, Budapest.

S t e v a n o v i ã , V . (1984): Ekologija, fitocenologija i floristiåka struktura stepske ve-
getacije Fruške gore, doktorska disertacija. PMF, Beograd.

S t j e p a n o v i ã - V e s e l i å i ã , L . (1979): Vegetacija Deliblatske pešåare, ŠIK Panåe-
vo i Društvo ekologa Vojvodine, Novi Sad.

S t o j a n o v i ã , S . (1983): Vegetacija Titelskog brega, Zbornik za prirodne nauke Ma-
tice srpske, 65: 5—51.

T a h t a d j a n , A . (1987): Sistema magnoliophytorum, Izdateljstvo „Nauka", Lenin-
grad.

V u å k o v i ã , M . (1991): Livadska i livadsko-stepska vegetacija Vršaåkih planina,
Matica srpska, Novi Sad.

Z o r k ó c z i , L . (1896): Újvidék és környékének florája, Popovits M. Testvérek könyv-
nyomdája, Ujvidék.

RASPROSTRAWEWE VRSTA RODA Salvia L. 1754
(Sect. Pletiosphace B e n t h a m . ) U VOJVODINI (JUGOSLAVIJA)

Ruÿica S. Igiã, Pal P. Boÿa, Qiqana S. Merkulov,
Neda M. Mimica-Dukiã1, Dragana M. Vukov, Goran T. Anaåkov,

Danijela D. Pavloviåova
Institut za biologiju, Trg D. Obradoviãa 2, 21000 Novi Sad, Jugoslavija

1 Institut za hemiju, Trg D. Obradoviãa 4, 21000 Novi Sad, Jugoslavija

Rezime

Vojvodina se nalazi u jugoistoånom delu Panonske nizije. Zahvata povr-
šinu od 21509 km2 od åega je åak 76.6% obraðeno, te predstavqa ÿitnicu Jugo-
slavije. Zbog toga floristi poseban znaåaj pridaju istraÿivawima autohtone
flore koja se saåuvala samo na malim fragmentima prirodnih staništa (stepe,
slatine, šume, peskovi).

U radu je dat prikaz rasprostrawewa vrsta roda Salvia na podruåju Voj-
vodine. Od 36 vrsta koje rastu u flori Evrope, u Vojvodini je konstatovano 9
vrsta: Salvia nemorosa L., S. pratensis L., S. reflexa H o r n e m , S. amplexicaulis
L a m . , S. nutans L., S. verticillata L., S. austriaca J a c q . , S. aethiopis L., S. glutino-
sa L. Takoðe je zabeleÿen i veãi broj infraspecijskih taksona i jedan ustaqeni
hibrid.

Wihovo rasprostrawewe prikazano je na UTM kartama. Neke od konstato-
vanih vrsta (S.austriaca i S. aethiopis) danas su retki stanovnici u našoj flori
te ih je neophodno zaštititi. S. nutans i S. amplexicaulis nestale su iz flore
Vojvodine. Znaåaj zaštite ovih vrsta ogleda se u tome da se one mogu koristiti
i kao potencijalne lekovite biqke. Diverzitet roda Salvia na našim prostori-
ma obogaãuju neke useqene vrste kao što je S. reflexa H o r n e m., koja je poreklom
iz Severne Amerike, a raste samo na dva lokaliteta.
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TYPES OF CAMPYLOBACTER SPECIES IN LAYING HENS
WITH AND WITHOUT DIARRHOEA

ABSTRACT: The existence of the bacteria from the kind of Campylobacter in the or-
ganisms of animals and people, as well as their presence on different places in nature, is a
reason why this bacteria is a subject of many investigations. Finding the Campylobacter
kind in poultry and recognizing the importance of their presence is very important, from the
view of medical preventing of the poultry, as well as from the view of human health, ha-
ving in mind that this has to do with the zoonosis.

The subject of our study was bacterial examination of the digestive track of laying
hens. In our work two groups of laying hens were examined. In the first group was the one
in which, after the clinical examination presence of diarrhoea was stated, and in the second
group were three examples where such diagnostical symptoms were not found. Importance
of the laying hens in the production cycles of the poultry made us decide to investigate this
kind of animals as a potential possibility of transferring the Campylobacter on people. The
aim of the work was to try to isolate and identify Campylobacter in the digestive tract of
the laying hens, and to see if there are some differences in their presence and in their kinds
in the two above mentioned groups of laying hens.

For bacteriological investigation we used cloacal swabs from laying hens in two al-
ready mentioned groups. For isolation Campylobacter we used Columbia agar + campylo-
sel, using Gener box microaer to provide microaerophile conditions. Identification of the
isolated bacteries was done with the help of API strips and by using software for reading.

Altogether 60 cloacal smears were examined (36 from the first group and 24 from the
second). Presence of the Campylobacter kind in the first group was 88.88% or 32 positive
hens, and in the second group were 33.33% or 8 positive hens. In the first group of the
laying hens in 32 positive hens Campylobacter jejuni subsp. jejuni was isolated in 32 cases
(100%) and in one case Campylobacter coli as a mixed isolate with Campylobacter jejuni
subsp. jejuni. In the second group of the analyzed laying hens out of 8 known cases all 8
were isolated by Campylobacter coli.

The results point to big presence of Campylobacter types in the sick laying hens and
to the presence of different kinds of diarrhoea what certainly has to be investigated.

KEY WORDS: laying hens, diarrhoea, Campylobacter sp.

INTRODUCTION

The presence of the bacteria from the species of Campylobacter in the or-
ganisms of animals and people, as well as their presence in different places in
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nature, is a reason why this bacteria is a subject of many investigations. For-
mer investigation has shown that the presence of Campylobacter in the organ-
isms of the hosts may cause a disturbance in health condition. At the same ti-
me in quite a big number of findings, it is either noticed that there are noncli-
nical symptoms, although Campylobacter is isolated from certain materials, or
the relation between bacteriological, present isolated species of Campylobacter
and the clinical symptoms cannot be proved. The findings of Campylobacter
kinds in poultry material and recognizing the importance of their presence is
significant from the standpoint of protecting health condition of animal, as
well as from the standpoint of protecting health condition of people, because it
causes zoonosis.

The subject of our investigation was bacteriological flora of the digestive
tract in the laying hens. The importance of the laying hens in the production
cycles made us decide to choose these animals and to research the potential
possibilities of transmitting Campylobacter on people.

The aim of the work was to isolate and determine Campylobacter in di-
gestive tract of laying hens. We wanted to see if there were differences caused
by their presence and if there existed different kinds of Campylobacters in two
already mentioned groups of laying hens.

MATERIAL AND METHODS

In the work two groups of laying hens were analyzed. In the first group
was the one in which the presence of diarrhoea was stated after clinical rese-
arch and the second where were the ones without such symptoms. For the bac-
teriological investigation we used cloacal swabs of the laying hens from both
above-mentioned groups. Swabs were directly streaked on ready nutrient cultu-
re medium. For that purpose was used Columbia agar with 5% defibrinated
ovine blood where the antibiotic medium Campylosel was added. In this waz
prepared plates we incubated in anaerobic jars (McIntosh) where gas sacks of
Gener box microaer was added. In such a way necessary microaerofil conditi-
ons were provided (S m i b e r t , 1984; P e n e r , 1991). Identification of the iso-
lated bacterias was performed by using API Strips and software for their ana-
lyzing.

THE RESULTS OF THE INVESTIGATION
AND DISCUSSION

A total of 60 cloacal swabs were examined (36 from the first group and
24 from the second group).

In the Table 1 we find the results obtained by the bacteriological exami-
nation. They present the findings of the isolated Campylobacter in both groups
of laying hens.
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Tab. 1. — The results of the isolated Campylobacter

Group Total of the
examined Positive finding % of the positive

findings

1 Laying hens with
diarrhoea 36 32 88.88%

2 Laying hens without
diarrhoea 24 8 33.33%

In Table 1 we clearly see that the positive findings of Campylobacter in
the laying hens with diarrhoea was 88.88% or 32 chicks out of 36 examined,
and the percentage of the positive samples of the hens without diarrhoea was
33.33% or 8 out of 24 observed.

In the works of the authors who investigated these problems was written
about such results in the poultry material. Findings of Campylobacter in diffe-
rent materials, among which is also poultry, write (S m i b e r t , 1978; S m i -
b e r t , 1981; S k i r r o w and B e n j a m i n 1980). They describe the importan-
ce of the presence of these bacterias in animals and people. In his work (J a -
c o b s - R e i t s m a , 1995) presented the results of findings of Campylobacter
jejuni in the breeding flock and the importance of their presence. They speci-
ally point out the presence of Campylobacter in this category of poultry beca-
use there is a possibility of vertical transmission of these bacterias on the
chicks. About the presence of Campylobacter jejuni and Campylobacter coli
was written in the work of (G l u n d e r , 1995) who isolated these bacterias
from poultry material.

In Table 2 are given the results of the findings of some kinds of Cam-
pylobacter in both observed groups of the laying hens.

Tab. 2. — The results of the isolated Campylobacter

Group
Total of the

examined
chicks

Positive
findings

Campylobacter
jejuni s. jejuni % Campylo-

bacter coli %

1 Laying hens
with diarrhoea 36 32 32 100% 1 3.12%

2
Laying hens

without
diarrhoea

24 8 — — 8 100%

In the Table 2 one can see that the presence of Campylobacter jejuni
subsp. jejuni in the first group was 100% from the total of 32 positive mate-
rial, but in one case it was a mixed infection with Campylobacter coli, what
represented 3.12% of the total number of the findings. In the same way, one
can see that when talking about the second group of the observed samples of
Campylobacter jejuni subs. jejuni was not isolated in any sample. Findings of
Campylobacter coli, as it has already been mentioned in the first group, was a
part of the mixed infection with the Campylobacter jejuni subsp. jejuni, and in
the second group Campylobacter coli was isolated in 100% of the total num-
ber of positive findings.

63



The findings of Campylobacter kind in the poultry, especially on their
trunks, is stated in the work of (I v a n o v i ã , S n e ÿ a n a , 1990) where were
reported some facts about Campylobacter jejuni subsp. jejuni and Campylo-
bacter coli on the corps of the slaughtered poultry. Presence of these bacterias
is very important from the standpoint of the potential infection of people hav-
ing in mind that we speak about zoonoses. Finding Campylobacter species on
the farms of poultry is also mentioned in the work of (S t e r n et al. 1995).

In the available literature we have not found any information that discus-
sion about the importance of some species of Campylobacter and their influen-
ce on the appearance of diarrhoea in the poultry. We have not found informa-
tion that would give us more precise answer whether the presence of Cam-
pylobacter jejuni subsp. jejuni causes some clinical symptoms, which we fo-
und and had taken them as our starting point of the research. We also have not
found that on the samples without clinical symptoms of diarrhoea is found
only Campylobacter coli.

CONCLUSION

— In the research we used the methodology, which was used by other
authors as well, so the received results, comparing them to the experience of
the previous investigation, can represent valid findings.

— After 36 checked samples of the laying hens with diarrhoea, 32 were
positive on the presence of Campylobacter kind what makes 88.88% out of
the total of the research material.

— After 24 checked samples of the laying hens without diarrhoea, 8
were positive on the presence of Campylobacter kind what makes 33.33% of
the total number of the researched material.

— In the laying hens with diarrhoea Campylobacter jejuni subsp. jejuni
was isolated in all the positive samples (100% of the total of 32 positive sam-
ples), while Campylobacter coli was isolated in one case (what makes 3.12%
from 32 positive findings) as a mixed bacterial flora together with the above
mentioned Campylobacter.

— In the laying hens without diarrhoea Campylobacter coli was isolated
in 100% cases, while Campylobacter jejuni was not found.

— The findings of different Campylobacter of the two observed groups
shows that there is a possibility of pathogen appearing of these bacterias and
this is a good reason for further investigation. This is even more the case be-
cause we speak about zoonoses that can in direct or indirect way cause the in-
fection of people.
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VRSTE RODA KAMPILOBAKTER KOD KOKA NOSIQA
SA DIJAREJOM I BEZ DIJAREJE

Igor M. Stojanov, Dušan B. Orliã
Nauåni institut za veterinarstvo Novi Sad

Rumenaåki put 6, 21000 Novi Sad, Jugoslavija

Rezime

Prisustvo bakterija iz roda kampilobakter u organizmima ÿivotiwa i
qudi, kao i wihovo prisustvo na razliåitim mestima u prirodi, predstavqa
razlog zbog kojeg je ova bakterija predmet interesovawa istraÿivaåa. Nalaz
kampilobakter vrsta u ÿivinskim materijalima i sagledavawe znaåaja wihovog
prisustva vaÿni su kako sa stanovišta zdravstvene zaštite ÿivine tako i sa
stanovišta ugroÿavawa zdravqa qudi s obzirom da se radi o zoonozi.

Predmet našeg istraÿivawa je analizirawe bakterijske flore digestiv-
nog trakta koka-nosiqa. U radu su ispitane dve grupe koka-nosiqa. U prvoj gru-
pi se nalaze jedinke kod kojih je posle kliniåkog pregleda utvrðeno prisustvo
dijareje, a u drugoj grupi su jedinke kod kojih nisu dijagnostikovani takvi
simptomi. Znaåaj koka nosiqa u proizvodnom ciklusu ÿivine opredelio nas je
na ovaj izbor ÿivotiwa kao i potencijalna moguãnost prenošewa kampilobak-
tera na qude. Ciq rada je da se pokušaju izolacija i identifikacija kampilo-
baktera iz digestivnog trakta koka-nosiqa, kao i da se sagleda da li postoje
razlike kako u prisustvu tako i u vrstama kampilobaktera kod dve navedene gru-
pe koka nosiqa.

Za bakterijsko ispitivawe koristili smo kloakalne briseve koka nosiqa
uzetih iz dve spomenute grupe. Za izolaciju kampilobaktera koristili smo Ko-
lumbija agar + campilosel uz obezbeðewe mikroaerofilnih uslova Gener box mic-
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roaer. Identifikaciju izolovanih bakterija obavili smo uz pomoã API stripova
i softvera za wihovo oåitavawe.

Ukupno je pregledano 60 kloakalnih briseva (36 iz prve grupe i 24 iz dru-
ge grupe). Prisustvo kampilobakter vrsta u prvoj grupi je bilo 88,88% ili 32
pozitivne jedinke, a u drugoj grupi je bilo 33,33% ili 8 pozitivnih jedinki.
Kod prve grupe koka nosiqa od 32 pozitivne jedinke izolovana je Campylobacter
jejuni subsp. jejuni u 32 sluåaja (100,00%) i u jednom sluåaju Campylobacter coli
kao mešani izoloat sa Campylobacter jejuni subsp. jejuni. Kod druge grupe anali-
ziranih koka-nosiqa od 8 pozitivnih sluåajeva u svih 8 je izolovana Campylo-
bacter coli.

Rezultati ukazuju na znaåajno prisustvo kampilobakter vrsta kod obolelih
koka nosiqa i na razliåitost zastupqenih vrsta, što svakako zasluÿuje nova
istraÿivawa.
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PREVALENCE OF HAEMOPHILUS SOMNUS INFECTION
IN CATTLE

ABSTRACT: Haemophilus somnus is known to be an etiological agent in several di-
sease sindromes of cattle. A great number of countries in the world have confirmed
existance of this disease. It is realistic to expect it's presence in our country as well.

The investigation included 93 samples of breeder bulls, 167 sera of the cows with re-
productive disturbance (abortion, stillborn calves, repeated estrus, endometritis and others).
Besides this, blood sera from 865 cows, 242 heifers, 294 young bulls and 117 calves were
examined. For proving antibodies in blood sera method of agglutination and m-CF test have
been applied. By the method of tube agglutination positive results were registred in 2.5% of
the bull sera and by the m-CF in 4.3% of the samples. The highest positive percentage was
reached by the method of microagglutination (9.68%), when was also the highest antibody
titer, up to 1:128. The method of microagglutination was used for serological investigation
of cattle sera from larger area. Agglutinin for H. somnus was discovered in all the categori-
es of cattle. It is important to state that the highest positive percentage was found in the ste-
ers (18.03%), while the antibody titer was in the range from 1:4 to 1:512. Positive results
were proved in 84 cow's sera sample (9.71%), was considerably lower (5.78%) in heifer
and was the lowest in the calves, only in 2 sera samples (1.71%).

KEY WORDS: H. somnus, cattle, epidemiology.

INTRODUCTION

Haemophilus somnus is known to be an etiological agent in several disea-
se sindromes of cattle including thromboembolic meningoencephalitis (G r i -
n e r et al. 1956; P r i t c h a r d et al. 1979), respiratory disease (C a n t o et al.
1983; B r y s o n et al. 1990), abortion and possibly infertility (H u m p h r e y et
al. 1982a; S t u a r t 1990). In adition to being an important pathogen, this or-
ganism can be routinely isolated from mucosal surfaces of apparently normal
animal. Most bulls carry the organism asymptomatically in the prepuce, many
cows are vaginal carriers, and nasal carriers also occur (H u m p h r e y et al.
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1982b; G a r o i u et al. 1982; S t e f a n i a k 1993). Setting Haemophilus diag-
nosis is very complicated, and depends on combining the information from the
clinical and laboratory investigations. Isolation of H. somnus is possible only
under specific conditions, selective media and in atmosphere in 5% or 10%
CO2. Besides this, bacteria isolation itself is not a sure sign of pathogen influ-
ence, having in mind different virulence of the isolated strains. Certainly, in
detecting of this disease serological methods would be of great help. First of
all because of their variety in epizootiological investigations. Opinions about
the values of the agglutination method are not the same, first of all when the
degree and the length of immunological response is at stake. Besides this, se-
rological methods are not standardized both concerning antigen and height of
antibody titer that are evaluated as positive.

A great number of countries in the world have confirmed existing of this
disease. It is realistic to expect its presence in our country as well. Up to now
there have not been done investigations on the presence of infection with H.
somnus in cattle, nor in the breeder bulls for artificial insemination.

MATERIAL AND METHOD

Material: serological investigation included 93 sera from breeder bulls,
167 sera samples of the cows with reproductive disturbances (abortion, still-
born calves, repeated estrus, endometriosis and others). Anamnestic informa-
tion was received from the veterinary service. Besides this, blood sera from
865 cows, 242 heifers, 294 young bulls and 117 calves were examined. In the
sera investigation samples were freely chosen from the field.

Methods: For proving agglutinin in blood sera of bulls and cows with re-
productive disturbances only two agglutination methods have been applied so
far: tube agglutination test (TAT), microagglutination (MA) and m-CF test.
For every procedure an appropriate antigen was applied. The antigens were
prepared out of the referential strain H. somnus 628 CAPM-Brno, The Czechs
Republic.

a) tube agglutination test, modified method according to S h i g i d i and
H o e r l e i n (1970). Antigen: we used 48 hour old culture of H. somnus conta-
ining blood agar (10% bovine blood) incubated at 37°C in 10% CO2. Grown
colonies were rinsed with buffered physiological solution pH 8,00 and than fil-
trated through fire. The suspension was inactivated for 1 hour at 60°C in a wa-
ter bath. Bacterial suspension was afterwards centrifuged at 4500 r/m for 30
minutes, and the residue was suspended with 1% phenol-bufferphisiological
dilution. This „shock" antigen may be used for 6 months if stored at +4°C.
For investigation it was used diluted with 0,5% phenol-PBS that had optical
density 0,39 at 550 nm.

Method: reaction is performed in tubes (13x130) that were prepared with
double diluted inactivated sera with 0,5% phenol-PBS where 0,5 ml antigen
was added and then incubated for 48 hours at 37°C. The end titer was marked
as 50% agglutination (clear supernatant and sediment at the bottom of the tu-
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be). Positive result was considered a finding of agglutinin in diluted sera from
1:80 upwards.

b) microagglutination: the procedure was performed in a microtitar plate
with the bottom shaped as letter „V".

Antigen: For applying antigen we used 24 hours old culture of H. somnus
developed on the brain-heart agar containing 10% calf fetal sera and 0,5%
yeast extract, at 37°C with 10% CO2. Colonies were rinsed with 0,6% formali-
ne-phisiological solution and filtrated over layers of sterile gauze. We used an-
tigen diluted with PBS that has optical density of 0,75 on 550 nm, died in
methyl blue (0,1% dilution). Antigen was conserved for 6 months at +4°C ad-
ding thimerosal in the final concentration 1:10000.

Method: two time soluted sera was prepared that had previously been in-
activated for 30 minutes at 56°C in PBS pH 8,0 (0,025 ml) adding 0,025 ml of
antigen. Microplates were shaken and incubated for 4 hours at 37°C, and then
stored over night at +4°C.

In sera investigation several kinds of control were present: positive and
negative sera and control of antigen. Findings of agglutinin in sera dissolved
in proportion 1:64 and higher were considered positive.

c) Complement-Fixation test (CF): applied micro method in microtitar
plates with the bottom shaped as letter „U".

Antigen: as an antigen a 48 hours old culture of H. somnus was multi-
plied on the brain-heart agar containing 10% calf fetal sera and 0,5% yeast ex-
tract at the temperature of 37°C with 10% CO2. Colonies were rinsed with
physiological dilution, and bacteria suspension was centrifuged at 6000 r/m for
20 minutes. Clear supernatant in solution 1:20 was used in a reaction, and pH
values were adjusted on 7,3.

Method: Investigated sera were inactivated for 30 minutes at the tempera-
ture of 58°C, and then prepared with Veronal-bufferphisiological solution in
proportion 1:2 to 1:256. In the dissolved sera (0,025 ml) the same comple-
ments and antigens were added in appropriate titer. The plate was shaken and
incubated for 20 hours at +4°C. Equal parts of hemolizin in titer and 2% ram
erythrocyte (0,05 ml) were mixed and than incubated for 30 minutes at 39°C.
Afterwards the results were read. In the work the following control was pres-
ent: positive and negative sera, control of sera and antigens. Findings of anti-
bodies in sera solution 1:8 and higher was considered positive.

RESULTS

The results of serological investigations are presented in Tables 1, 2, 3, 4
and on the Graphics 1, 2. Control investigation applied in the agglutination
procedure preceded these investigations together with appropriate antigens and
reactions of the bounded complements (mRVK), that had been performed on
rabbit sera (Table 1). It can be seen from the table that the antigens for H.
somnus were proved by this method, although in the procedure of agglutina-
tion higher level of antigen was present, comparing to the antibodies that bo-
und complement.
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Tab. 1 — Titer agglutinin and CF-antibodies in rabbit bloodsera immunized with strain 6280
H. somnus

method
a n t i b o d y t i t e r

rabbit 1 rabbit 2 rabbit 3

Tube agglutination 1 : 320 1 : 160 1 : 320

Microagglutination 1 : 512 1 : 512 1 : 1024

micro CF 1 : 32 1 : 16 1 : 64

The results of the investigated bull blood sera are shown in Table 2. By
the method of agglutination positive results were registred in 2.15% of the in-
vestigated sera, and by the method of mRVK in 4.3% of the samples. The hig-
hest positive percentage was by the method of microagglutination, 9.68%,
when was also the highest antibody titer, up to 1:128.

Tab. 2 — Findings of agglutinin and CF-antibodies in bull blood sera

method tube agglutination total positive

titer ≤ 10 20 40 80 160 320

No. of anim. 74 14 3 2 0 0 93 2

% 79.57 15.05 3.23 2.15 0 0 2.15

method microagglutination

titer ≤ 4 8 16 32 64 128

No. of anim. 25 17 23 19 6 3 93 9

% 26.88 18.28 24.73 20.43 6.45 3.23 9.68

method micro CF

titer ≤ 4 8 16 32 64 128

No. of anim. 89 4 0 0 0 0 93 4

% 95.70 4.30 0 0 0 0 4.63

In Table 3 are shown the results of investigating blood sera from cows
with reproductive disturbances. It is obvious that the highest percentage of
the positive findings has been obtained by the method of microagglutination
16.18%, but considerably lower percentage of positive findings was obtained
by the method of spore agglutination (4.79%). Analyzing these results of the
bull blood sera and blood sera from cows with reproductive disturbances (Ta-
ble 2, 3 and Graph. 1) it has been noted that by the method of microagglutina-
tion the greatest number of positive findings and the highest values of titer an-
tibodies were established.

In accordance to this statement, the method of microagglutination was
used for serological investigation of cattle sera from larger area. This investi-
gation includes 865 cow sera, 242 heifer sera, 294 steer sera and 117 calf
samples. Agglutinin for H. somnus was discovered in all the categories of cat-
tle. It is important to state that the highest positive percentage was found in
the steers (18.03%), while the antibody titer was in the range from 1:4 to
1:512. Positive results were proven in 84 cow's sera sample (9.71%), was con-
siderably lower in heifer (5.78%) and was the lowest in the calves — only in
2 sera samples (1.71%).
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Tab. 4 — Findings of agglutination against H. somnus in cattle sera from different categories

category
t i t e r 1 :

� +
4 8 16 32 64 128 256 512

cows 214 166 217 184 49 21 13 1 865 84

% 24.74 19.19 25.09 21.27 5.66 2.43 1.50 0.11 9.71

heifers 48 89 52 39 13 0 1 0 242 14

% 19.83 36.78 21.49 16.11 5.37 0 0.41 0 5.78

steers 55 74 60 52 31 17 4 1 294 53

% 18.71 25.17 20.41 17.69 10.54 5.78 1.36 0.34 18.03

calves 34 46 21 14 2 0 0 0 117 2

% 29.06 39.32 17.95 11.97 1.71 0 0 0 1.71
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Tab. 3 — Findings of agglutinin and CF-antibodies in blood sera from cows with reproductive
disturbances

method tube agglutination total positive

titer 10 20 40 80 160 320 640

No. of anim. 83 51 25 7 1 0 0 167 8

% 49.70 30.54 14.97 4.19 0.60 0 0 4.79

method microagglutination

titer 4 8 16 32 64 128 256

No. of anim. 32 30 41 37 20 3 4 167 27

% 19.16 17.96 24.55 22.15 11.98 1.80 2.39 16.18

method micro CF

titer 4 8 16 32 64 128 256

No. of anim. 148 14 4 1 0 0 0 167 19

% 88.62 8.38 2.39 0.60 0 0 0 11.38

Graph. 1 — The results of investigated sera from bulls and cows with reproductive
disturbances when three methods were applied



If we compare the results of serological investigation obtained by apply-
ing the method of microagglutination in beef, we can (having in mind the esta-
blished groups of animals) conclude the following: it is obvious that the steers
in a feed lot and the cows with reproductive disturbances have the highest per-
centage of positive findings. In cows and bulls percentage of positive findings
is similar or the same, but at the same moment it is almost two times lower
comparing to two other categories of animals (Graph. 2).

DISCUSSION

For proving specific antibodies in animals, when it is the case with natu-
ral and artificial infection with H. somnus, several different serological meth-
ods can be applied: complement-fixation test (C a n t o et al. 1983; Y a r n a l l ,
C o r b e i l 1989), indirect hemagglutination (M i l l e r 1975), precipitation, la-
tex test and different agglutination actions (H o e r l e i n et al. 1973; S t e p -
h e n s et al. 1981; K o b l e t et al. 1989). Since H. somnus shows cross-reac-
tion with P. multocida, P. haemolytica and Haemophilus agni, but in low titre,
this has to be taken into consideration when reading the results (M i l l e r
1975).

Antigens of H. somnus are not known to be shared with other bacteria
pathogenic for cattle. The agglutination test appears to be quite specific and
the titres may be taken to reflect an antibody response due to exposure to the
organism. It is considered that significantly high titre may be found in individ-
uals of numerous groups of apparently healthy cattle, adding repport to the
view that H. somnus infection of cattle is widespread and often not clinically
apparent. Findings of antibodies for H. somnus in clinically healthy animals
suggest that high level of antibodies in clinically ill samples is a consequence
of secondary immunological response. The sporadic occurrence of clinical dis-
ease attributable to this organism must, therefore, depend on circumstances
that are concomitant to the infection. Thromboembolic meningoencephalitis is
an acute disease in which the clinical illness has a short course and is quickly
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Graph. 2 — Findings of investigations of blood sera from diferent cattle categories
by the method of microagglutination



terminated by death due to the massive destruction of brain tissue. Antibody
titre may reach values up to 1:400.

The occurrence of high serum antibody titre in cattle with septicaemia
may simply be a consequence of fulminant infection stimulating a maximum
immune response. It may be a clue to the pathogenesis of TEME. The occur-
rence of bacteriemia in the face of high serum antibody titre indicates that the
host's phagocyte systems are no longer functioning effectively. Antibody may
react with the antigen in the blood to form antigen-antibody complexes that
are not phagocytes, resulting in continually increasing amounts of circulating
antigen and immune complexes. Therefore, according to S t e p h e n s et al.
(1981) changes in blood vessels are a consequence of hypersensitive reactions
of type III.

The results of investigating the level of antibodies in sera of artificially
infected animals differ, and this is conditioned by the choice of applied serolo-
gical method and by the applied manner of inoculating the agenses (B r y s o n
et al. 1990; K o b l e t et al. 1989; S t u a r t et al. 1990). In experimentally pro-
voked infection S t e p h e n s et al. (1981), when inoculation was subcutaney,
detected high level of agglutinin and low level of complement-fixation test.
However, in the experimentally caused infection, when done intravaginally,
applied serological tests proved not to be enough sensitive and specific (S t u -
a r t et al. 1990). Poor immunological respond was found also in asimptomatic
carriers, as a result of inadequate antigen stimulation of the immune system in
the host. This is in correlation with the place of antigen on the surface of
mycosis of the genital tract (K o b l e t et al. 1989). Y a r n a l l et al. (1989)
showed that for serological diagnosing of haemophilosis IgG2 antibodies are
important to be proved, because in this way one can separate infected from
not infected animal, aimptomatic reservoirs and the sick animals. Beside the
mentioned method, indirect immunofluorescent method has also been used
( P r i t c h a r d et al. 1979). ELISA test is used for proving IgG, IgM and IgA
antibodies, when preputial discharge and blood sera are investigated, and also
for proving IgG and IgA in semen plasma (C a n t o et al. 1983; S t e f a n i a k
1993).
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RAŠIRENOST INFEKCIJE SA HAEMOPHILUS SOMNUS U GOVEDA
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Nauåni institut za veterinarstvo „Novi Sad",

Rumenaåki put 6, 21000 Novi Sad
* Veterinarsko-stoåarski centar, Kwaza Miloša 21, Bawa Luka

Rezime

Haemophilus somnus je poznat kao etiološki uzroånik nekoliko sindroma
u goveda, tako da se mogu razlikovati tri osnovna oblika bolesti: septikemiå-
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ni, respiratorni i genitalni oblik. Hemofiloza je zarazna bolest goveda, koja
zahvata sve kategorije ÿivotiwa i predstavqa veoma znaåajan zdravstveni i eko-
nomski problem. Velik broj zemaqa u svetu potvrdio je postojawe ove bolesti.
Postavqawe dijagnoze hemofiloze je sloÿeno, a zasniva se na kombinovawu po-
dataka dobijenih kliniåkim i laboratorijskim ispitivawima. Izolacija H.
somnus moguãa je samo u posebnim uslovima uz korišãewe odgovarajuãih selek-
tivnih podloga, tako da su serološke metode od koristi pre svega zbog moguã-
nosti širih epizootioloških ispitivawa. Dosad u našoj zemqi nije ispiti-
vano prisustvo ove zarazne bolesti, ali je realno oåekivati da je hemofiloza
goveda prisutna i u nas.

Serološkim ispitivawem obuhvaãeno je 93 uzorka seruma bikova i 167 se-
ruma krava sa reproduktivnim smetwama. Pored toga ispitano je i 865 seruma
krava, 242 seruma junica, 294 junadi u tovu i 117 seruma teladi, odabranih po
slobodnom izboru, sa šireg podruåja Pokrajine. Za dokazivawe antitela u seru-
mima koristili smo dva postupka aglutinacije (makro i mikro) i mRVK. Titar
aglutinina u serumima bikova kretao se od 1:8 do 1:128, a najveãi procenat po-
zitivnih nalaza dobijen je metodom mikroaglutinacije, 9,68%. Kod krava sa re-
produktivnim smetwama utvrðeno je 16,18% seropozitivnih metodom MA, a
primenom mRVK 11,38%. Znaåajno je istaãi da je najveãi procenat pozitivnih
nalaza utvrðen kod junadi u tovu (18,03%) sa titrom i do 1:512. Pozitivni re-
zultati ustanovqeni su kod 84 uzorka seruma krava, ili 9,71%, znatno niÿi kod
junica 5,78%, a kod teladi samo u 2 ispitana uzorka seruma ili 1,71%.
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HOST-INDUCED MORPHOLOGICAL VARIABILITY
OF PLEUROGENOIDES MEDIANS (O L S O N , 1876)

T R A V A S S O S , 1921 (TREMATODA:
LECITHODENDRIIDAE)

ABSTRACT: Morphological variability of the frog trematoda Pleurogenoides medi-
ans in terms of host-induced variation was studied. Morphometric analysis included 90 adult
parasites (P. medians) isolated from intestines of Rana ridibunda; R. kl. esculenta and R.
lessonae from Obedska bara. The dimensions of body, oral and ventral suckers, ovary, te-
stes and eggs were compared.

The host species has a large influence on the structure of adult trematodes. Largest
differences were found in P. medians dimensions between marsh and pool frogs, lowest
between the edible and pool frog specimens.

KEY WORDS: Trematoda, morphological variability, Rana, Obedska bara.

INTRODUCTION

Pleurogenoides medians is a well-known species, for a long time being
frequently noted in various parts of Europe. According to V o j t k o v a (1974),
it is a common intestinal parasite of Amphibia and certain lizards. Its distribu-
tion area probably covers that of its main host-frogs from the genus Rana (R.
lessonae, R. ridibunda, R. kl. esculenta).

Importance of variability of morphological characters of trematodes has
been frequently noted, but not studied enough. In Poland, G r a b d a - K a z u b -
s k a (1967, 1981, 1984) analyzed the variability of the species Opisthioglyphe
ranae, Haplometra cylindracea and Prosotocus mirabilis. In Yugoslavia, P o -
p o v i ã et al. (1995) conducted a detailed morphometric analysis of the trema-
tode Pleurogenoides medians isolated from the pool frog. The hosts were col-
lected from three different types of aquatic ecosystems: pools, marshes and
stagnant waters. Authors reported a strong influence of habitat conditions. In
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the present study, attention is paid to morphological variability as dependent
on host-induced variations.

MATERIAL AND METHODS

In the period 1987—1990, the sample of 134 individuals of Rana lesso-
nae (57), R. kl. esculenta (56) and R. ridibunda (21) was collected from Obed-
ska bara. Dissection and parasitological analyses of hosts, isolation and deposi-
ting of trematodes were done by standard methods.

Presence of 1.179 specimens of Pleurogenoides medians was recorded in
the small intestine of the hosts. The morphometric analysis included 90 adults
of P. medians, 30 from each frog species. The measurements involved: total
length and maximum width of fluke body, length and width of oral and ven-
tral suckers, ovary, left and right testes and egg dimension. Data were statisti-
cally analyzed (P e t z , 1981): mean value (X), mean error (ME) and variation
coefficient (VC). Also, minimum-maximum values were taken. Results were
tested by the t-test at the level of 1% (P>0,01).

Features of Obedska bara: Obedska bara is a former meander of the Sava
river. Together with adjoining areas, it makes a unique complex of water,
marsh and land ecosystems with pond-marsh vegetation Scirpo-Phragmitetum
W . K o c h (1926), floating Nymphaeo-Stratiotetum aloidi and submerged
community Ceratophyllo-Myriophylletum verticiliati (acc. to J a n k o v i ã , 1974),
and forest community Fraxino angustifoliae — Quercetum roboris B . J o v . et
T o m . (1978/79).

RESULTS AND DISCUSSION

The results presented in this paper are based on the taxonomic characters
of the parasites. As mentioned earlier, only mature trematodes were examined
while young individuals undergoing rapid growth were excluded. Main body
dimensions of P. medians from all examined hosts are given in Table 1.

A significant diversity was found in the body shape. Lancet-shaped speci-
mens were encounted most often and were characteristic for Rana ridibunda
and R. kl. esculenta (Figures 1, 2). Trematodes isolated from R. lessonae are
characterized by a rather short, slightly oval body (egg-shaped body) (Figure
3). The body shape proved to be dependent on various external and internal
factors. First of all, the host species has a large influence on the development
of trematodes. P o p o v i ã et al. (1995) reported a strong influence of habitat
conditions, presence of certain species of intermediate hosts, as well as the di-
et regime of the definitive host. The whole trematode body surface was cove-
red with spines. The highest values of the measured characters, except for egg
size, were obtained with a sample of marsh frog, the smallest with a fluke
sample of pool frog. Trematodes find better development conditions in marsh
frog, attaining in them more rapid growth, and more massive body and interior
organs. Deviation of characters of parasites, related to pool frog, was obtained
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Fig. 1 — Pleurtogenoides
medians from R. ridibunda

(6.3 X 10 orig.)

Fig. 3 — Pleurogenoides medians from R. lessonae
(6.3 X 10 orig.)

Fig. 2 — Pleurogenoides medians from
R. kl. esculenta (6.3 X 10 orig.)



only in the size of eggs, and related to edible frog, in the dimension of testes
and eggs.

Comparing the results of measured characters of P. medians isolated from
edible and marsh frogs, highly significant values were established for the
width of ventral sucker, ovary and eggs and the length of body and testes (Ta-
ble 1).

Tab. 1. — Results of the morphometric analysis of P. medians (t-test: significant and highly signi-
ficant values)

BODY DIMENSION ORAL SUCKER

R. kl. esculenta R. lessonae R. kl. esculenta R. lessonae

R. Lessonae
Length 5.4203** 3.4575**

Width 5.7482**

R. ridibunda
Length 3.7961** 10.9682** 13.4946**

Width 3.3975** 4.5211**

ABDOMINAL SUCKER OVARY

R. kl. esculenta R. lessonae R. kl. esculenta R. lessonae

R. lessonae
Length 3.2413**

Width 2.4740*

R. ridibunda
Length 2.2152* 8.5657** 2.0558* 2.8027**

Width 2.8137** 7.4006** 2.6932**

LEFT TESTES RIGHT TESTES

R. kl. esculenta R. lessonae R. kl. esculenta R. lessonae

R. lessonae
Length 2.4173* 2.0862*

Width 2.2390*

R. ridibunda
Length 5.2404** 3.4585** 3.2804**

Width 2.3683* 2.1961*

EGGS

R. kl. esculenta R. lessonae

R. lessonae
Length 4.8000**

Width

R. ridibunda
Length 2.0930*

Width 4.4333** 5.2500**

Related to the measured characters of marsh and pool frogs, we obtained
highly significant values for dimension of body, oral, ventral suckers, length
of left testis, ovary and the width of eggs (Table 1).

Smallest differences were found between the edible and pool frog sample.
Highly significant values for the dimension of oral sucker, body length, ventral
sucker and eggs, were recorded (Table 1).

Highest values were obtained in the variation coefficient for the dimen-
sion of ventral suckers (pool, edible frogs), oral suckers (marsh frog) and
ovary (marsh frog), lowest for the width of eggs (Table 1). According to
G r a b d a - K a z u b s k a (1967), the dimension, shape and shell thickness of
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eggs are characteristic of particular trematode specimens and are independent
of their age and host species.

A detailed morphometric analysis of P. medians samples, collected from
three different host species, showed highly significant differences. Specific
conditions existed among the species of green frogs. They were associated
with the physiology of the host, which has a large share in the formation of
morphological characteristics of the parasite. The structure and the length of
host intestine could influence the development of trematodes. Also, interpopu-
lation relations among P. medians, as well as the influence of other species of
intestinal parasite of hosts, may play an important role.

CONCLUSIONS

A detailed morphometric analysis was conducted on 90 specimens of the
parasite Pleurogenoides medians isolated from Rana ridibunda, R. kl. esculen-
ta and R. lessonae from Obedska bara.

This paper is the first report on this problem from the region of Yugosla-
via.

A significant diversity in body shape was found.
The highest values of the measured characters, except for egg size, were

obtained with the sample of marsh frog, the smallest with the sample of pool
frog.

Highly significant differences were established in all measured characters.
The highest variability was observed in the dimensions of suckers and

ovary, while the length of eggs was the most stable characteristic.
The host species has a large influence on the development of trematodes.
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UTICAJ VRSTE DOMAÃINA NA MORFOLOŠKU VARIJABILNOST
VRSTE PLEUROGENOIDES MEDIANS (O L S O N , 1876) T R A V A S S O S , 1921

(TREMATODA: LECITHODENDRIIDAE)

Ester J. Popoviã, Olivera N. Bjeliã-Åabrilo, Ruÿica M. Miãiã
Institut za biologiju, PMF, Univerzitet u Novom Sadu,
Trg Dositeja Obradoviãa 2, 21000 Novi Sad, Jugoslavija

Rezime

Trematoda Pleurogenoides medians je åest parazit vodozemaca i izvesnih
vrsta guštera. Znaåaj varijabilnosti morfoloških karaktera trematoda nije
dovoqno prouåavan i na podruåju Jugoslavije P o p o v i ã et al. (1995) su ukazali
na snaÿan uticaj staništa.

Analizom morfoloških karaktera 90 adultnih primeraka parazita P. me-
dians izolovanih iz intestinuma vrsta Rana ridibunda, R. kl. esculenta i R. lesso-
nae Obedske bare, autori su uoåili razlike u obliku i dimenzijama tela i usta-
novili velik uticaj vrste domaãina na razviãe trematoda. Najveãe vrednosti,
sem za dimenzije jaja, konstatovane su za parazite velike zelene ÿabe, a najniÿe
meðu trematodama koje su infestirale primerke male vodene ÿabe. Utvrðene su
visoko signifikantne razlike za sve merene karaktere. Dimenzije pijavki i jaj-
nika su najvarijabilniji karakteri, dok je duÿina jaja bila najpostojanija.
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UPUTSTVO ZA AUTORE

1. Opšte napomene
1.1. Zbornik za prirodne nauke prima originalne radove i pre-

gledne ålanke kao i kratka saopštewa iz svih nauånih oblasti koje ob-
uhvata naziv åasopisa. Pregledni radovi se objavquju samo na poziv re-
dakcije. Radovi koji su veã objavqeni ili su poslani za objavqivawe u
drugom åasopisu ne mogu biti prihvaãeni.

1.2. Prihvataju se rukopisi pisani na engleskom jeziku. Jezik mora
biti ispravan u pogledu gramatike i stila. Autori treba da predaju ru-
kopis u tri primerka (original i dve kopije). Autori åiji materwi je-
zik nije engleski takoðe treba da priloÿe i kopiju rada na izvornom
jeziku.

1.3. Po primawu rukopisa, autori ãe dobiti redni broj svoga rada.
Taj broj treba navoditi u daqoj prepisci. Redakcija ãe obavestiti auto-
re o prispeãu rukopisa i mišqewu recenzenata u roku od tri meseca
od prijema. Svaki rad recenziraju najmawe dva recenzenta. Ako rad ne
bude prihvaãen, rukopis se ne vraãa autoru.

1.4. Rukopise za objavqivawe treba slati na adresu redakcije Zbor-
nika za prirodne nauke, 21000 Novi Sad, Ul. Matice srpske 1, Jugosla-
vija.

2. Priprema rukopisa
2.1. Rukopisi se kucaju sa dvostrukim proredom u svim delovima

teksta (ukquåujuãi literaturu, tabele, itd.), na papiru formata A4. Sve
margine treba da budu široke 2,5 santimetra.

2.2. Rukopis treba podeliti na: Saÿetak, Kquåne reåi, Uvod, Ma-
terijal i/ili metode, Rezultati ispitivawa, Rasprava, Literatura, Sa-
ÿetak na srpsko-hrvatskom jeziku, Zahvalnost.

2.3. Naziv rada treba da bude informativan, ali ne duÿi od deset
reåi.

2.4. Kquåne reåi treba da ukazuju na celokupnu problematiku is-
traÿivawa. Treba ih navesti abecednim redom i odvojiti zarezima.
Kquåne reåi ne treba da preðu sto slovnih znakova.

2.5. Treba navesti prezimena, sredwe slovo i imena autora rada
kao i naziv ustanove (bez skraãenica) u kome je rad nastao, zajedno sa
punom poštanskom adresom.
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2.6. Saÿetak, na engleskom i srpskom, treba da bude informativan
i da rezimira sadrÿaj rada. Duÿina engleskog saÿetka treba da bude do
5%, a srpskog do 10% duÿine ukupnog teksta. Srpski saÿetak treba da
sadrÿi naslov rada, prezimena i imena autora i naziv ustanove u koji-
ma su autori zaposleni.

2.7. Podatke o finansijskoj pomoãi, savetima i drugim vrstama
pomoãi treba navesti na kraju rada, pod naslovom Zahvalnost.

2.8. Radovi ne smeju biti duÿi od 12 kucanih strana, ukquåujuãi
literaturu, tabele, legende i slike.

3. Literatura
3.1. Literaturu treba ograniåiti na neophodan broj navoda.
3.2. Literaturne navode treba sloÿiti abecednim redom, na slede-

ãi naåin:

a. Ålanci iz åasopisa Autor CD, Autor DC (1990) Naziv rada. Ime
åasopisa 135: 102—134.

b. Ålanci iz kwiga
Autor ED, Autor SI, Autor VV (1991) Naziv citiranog dela kwige.

U: A. Blom, B. Lindau, Eds., Naziv kwige, Ed 3, Vol 2, Izdavaå, Grad,
242—255.

s. Disertacije
Autor VA (1989) Naziv teze. Doktorska disertacija. Univerzitet,

Grad.

d. Kwige
Autor AE (1987) Naziv kwige, Izdavaåi, Grad, 237

e. Publikacije bez autora ili urednika
Naziv kwige, brošure, itd. (1989) Izdavaå ili ustanova, Grad.

f. Neobjavqeni radovi
Navod „u štampi" treba da se odnosi samo na prihvaãene radove;

navesti ime åasopisa u kome ãe rad biti objavqen.
3.3. Imena åasopisa treba skraãivati prema „Bibliographic Guide for

Authors and Editors" (BIOSIS, Chemical Abstracts Service and Engineerings
Index, Inc., 1974).

3.4. Reference u tekstu treba da ukquåe prezime autora i godinu
izdawa. Ako ima dva autora, treba navesti obojicu, a u sluåaju tri ili
više autora treba navesti prvog autora i naznaåiti „et al.".

3.5. Ako se navode dva ili više radova istog autora, objavqenih u
istoj godini, potrebno je u tekstu i spisku literature staviti a, b, c
itd. iza godine objavqivawa.

4. Ilustracije
4.1. Za ilustracije mogu se koristiti crno bele fotografije i cr-

teÿi. Fotografije treba da imaju dobar kontrast a crteÿi treba da budu
crtani tušem, na papiru dobrog kvaliteta. Osim grafikona, metabo-

88



liåke šeme, komplikovane formule i velike ili komplikovane tabele
takoðe treba tretirati kao slike.

4.2. Sva slova, brojke i simboli treba da budu dovoqno veliki u
originalu, tako da posle smawivawa ne budu mawi od 1,5 mm. Tekst na
slikama i grafikonima takoðe treba ispisati tušem.

4.3. Ilustracije treba priloÿiti uz rad a ne umetnute u tekst. Po
moguãnosti, legende treba naznaåiti na ilustracijama.

4.4. Mesta ilustracija treba oznaåiti na levoj margini, arapskim
brojevima.

4.5. Svaka ilustracija treba da ima tekst koji objašwava sadrÿaj
priloga. Tekst za ilustracije treba kucati na posebnoj strani.

5. Tabele
5.1. Tabele treba kucati na odvojenim stranama (jedna tabela po

strani) i priloÿiti ih na kraju rada.
5.2. Tabele se oznaåavaju arapskim brojevima.
5.3. Svaka tabela treba da poåne naslovom koji objašwava wen sa-

drÿaj.
5.4. Napomene treba kucati odmah ispod same tabele.
5.5. Mesta tabela u tekstu treba oznaåiti na levoj margini.

6. Jedinice, imena, formule i skraãenice
6.1. Treba koristiti SI oznake koliåina i jedinica (SI Systeme In-

ternational d'Unit's), izuzetno se mogu koristiti i druge zvaniåno pri-
hvaãene jedinice.

6.2. Molarnu koncentraciju treba oznaåiti sa M i podvuãi.
6.3. Biološka imena na latinskom treba podvuãi.
6.4. Hemijske strukturne formule i jednaåine treba nacrtati (ne

ispisivati ili kucati), i pripremiti za fotografsku reprodukciju.
6.5. Prihvataju se samo standardne skraãenice. Pri korišãewu

specijalnih skraãenica, pun termin treba navesti prilikom prvog spo-
miwawa, a skraãenicu dodati pod navodnim znacima.

6.6. Matematiåki izrazi treba da budu napisani tako da se koristi
najmawi broj redova, ali da se saåuva åitqivost, npr. 2/3 umesto 2:3,
exp (-ab) umesto a-ab, itd.

7. Kratka saopštewa
7.1. Zbornik za prirodne nauke nudi moguãnost objavqivawa krat-

kih saopštewa o svim nauånim oblastima obuhvaãenim nazivom åaso-
pisa.

7.2. Veliåina kratkog saopštewa je ograniåena na 4 kucane strane,
ukquåujuãi sve ilustracije.

7.3. Kratko saopštewe se piše po uputstvima za pripremu rada
normalne duÿine, sem što u literaturi treba izostaviti naslove rada.

8. Obaveštavawe autora
8.1. Kada rukopis bude prihvaãen, autor ãe biti pismeno obave-

šten o pribliÿnom vremenu objavqivawa.
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8.3. Ispravqawe teksta pripremqenog za štampu treba ograniåiti
na štamparske greške. Znaåajne promene teksta ãe se naplaãivati. Ko-
rigovani tekst treba vratiti uredništvu u najkraãem moguãem roku.

8.3. Autori dobijaju 50 besplatnih primeraka separata. Ako autor
ÿeli veãi broj separata moÿe ih naruåiti kod izdavaåa uz nadoknadu.

9. KOPIJA RADA NA DISKETI
Posle prihvatawa rada potrebno je dostaviti disketu sa konaånom

verzijom rada. Disketa treba da sadrÿi tekst rada, tabele i slike (pri-
loge) na DD ili HD disketi od 3,5 inåa. Priloÿite i jednu kopiju od-
štampanog rada radi lakše obrade tabela i slika. Molimo da obradu
teksta vršite programom Word for Windows (bilo koja verzija). Prili-
kom kopirawa rada na disketu, pridrÿavajte se sledeãe procedure: File>
Save as>Options>Embed True Type fonts>ok>Save.
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