
Z B O R N I K
M A T I C E S R P S K E
Z A P R I R O D N E N A U K E

M A T I C A S R P S K A

P R O C E E D I N G S F O R

N A T U R A L S C I E N C E S

103

NOVI SAD
2002Z

B
O

R
N

I
K

M
A

T
I

C
E

S
R

P
S

K
E

Z
A

P
R

I
R

O
D

N
E

N
A

U
K

E
1
0
3

Y
U

IS
S

N
0

3
5

2
-4

9
0

6
U

D
K

5
/6

(0
5

)





MATICA SRPSKA

ODEQEWE ZA PRIRODNE NAUKE

Z B O R N I K

MATICE SRPSKE ZA PRIRODNE NAUKE

MATICA SRPSKA
DEPARTMENT OF NATURAL SCIENCES

PROCEEDINGS FOR NATURAL SCIENCES

Pokrenut 1951 / First published in 1951.

Published as Nauåni zbornik, serija prirodnih nauka until the tenth issue (1955), as the
Series for Natural Science from the eleventh issue (1956) — Zbornik za prirodne nauke,

and under its present title since the sixty-sixth issue (1984)

Glavni urednici / Editors-in-Chief

Miloš Jovanoviã (1951), Branislav Bukurov (1952—1969),
Lazar Stojkoviã (1970—1976), Slobodan Glumac (1977—1996), Rudolf Kastori (1996—)

103

Uredništvo / Editorial Board
S. GAJIN
L. DOVNIKOVIÃ
D. KAPOR
R. KASTORI
L. LEPŠANOVIÃ
V. MARIÃ
S. PETROVIÃ
S. ÃURÅIÃ

Consulting Editors
A. ATANASSOV, Bulgaria
P. HOCKING, Australia
M. SIMMONDS, UK
G. SCHILING, Germany
GY. VÁRALLYAY, Hungary

Glavni i odgovorni urednik / Editor-in-Chief
R U D O L F K A S T O R I



YU ISSN 0352-4906 UDK 5/6 (05)

M A T I C A S R P S K A
P R O C E E D I N G S F O R

N A T U R A L S C I E N C E S

103

NOVI SAD
2002



CONTENTS
SADRŸAJ

ARTICLES AND TREATISES
ÅLANCI I RASPRAVE

S u z a n a S . J o v a n o v i ã - Š a n t a , S a n j a L . G a b o r o v , J u l i j a -
n a A . P e t r o v i ã , Synthesis of 3-benzyloxyl-17-maleyloxy-6,17-secoe-
stra-1, 3, 5 (10)-triene-16-nitrile — Sinteza 3-benziloksi-17-maleilok-

si-16,17-sekoestra-1, 3, 5 (10)-trien-16-nitrila . . . . . . . . 5
L u c i a O l a r i u , A l f a X e n i a L u p e a , I u l i a n a C h i s u , C a m e -

l i a T u l c a n , Oxidoreductase in rats intoxicated with cadmium — Ok-

sidoreduktaza kod pacova tretiranih kadmijumom . . . . . . . . 11
N i k o l a M . K o s t i ã , A d a m V . D a n g i ã , M i o d r a g D . J a k o v -

l j e v i ã , Geohemistry of iron in soils of Vojvodina, Šumadija and nort-
hern Pomoravlje — Geohemija gvoÿða u zemqištima Vojvodine, Šu-

madije i severnog Pomoravqa . . . . . . . . . . . . . . . . 17
D r a g a n a R . O b r e h t , L j i l j a n a B . V a p a , S á n d o r A . K i š ,

M á r i a T a k á c s - H a j o s , É v a S t e f á n o v i c s - B á n y a i , G á -
b o r V ö r ö s v á r i , R u d o l f R . K a s t o r i , Seed protein variability
in safflower — Varijabilnost proteina semena šafrana . . . . . 29

M a r i j a Ÿ . Z l o k o l i c a , M i r j a n a B . M i l o š e v i ã , Z o r i c a T .
N i k o l i ã , M i l k a M . V u j a k o v i ã , Genetic variability and diversity
of corn breeding material originating from domestic and foreign popula-
tions determined on the basis of biochemical-genetical markers — Genet-

ska varijabilnost i divergentnost selekcionog materijala kukuruza

koji potiåe od domaãih i stranih populacija, determinisana na ba-

zi biohemijsko-genetskih markera . . . . . . . . . . . . . . 35
M a r i j a Ÿ . Z l o k o l i c a , M i r j a n a B . M i l o š e v i ã , Z o r i c a T .

N i k o l i ã , V l a d i s l a v a O . G a l o v i ã , Identification of genetic
characteristics of maize (Zea mays L.) using genetic markers — Identi-

fikacija genetskih osobina kukuruza (Zea mays L.) korišãewem ge-

netskih markera . . . . . . . . . . . . . . . . . . . . . 47
L j u b i š a D . D ÿ a m b a s , L j i l j a n a Ð . S u v a j d ÿ i ã , S l o b o d a n -

k a O . H r v a ã a n i n , Bacterial and mycotic flora of the oral cavity in
patients using a postresection prosthesis — Bakterijska i gqiviåna flo-

ra usne dupqe kod korisnika postresekcionih zubnih proteza . . 57



B r a n k a B . K r s t i ã , J a n o š B . B e r e n j i , N a t a š a D . D u k i ã ,
I v a n a M . V i c o , N i k o l a o s I . K a t i s , C h r y s s a C . P a p a -
v a s s i l i o u , Identification of viruses infecting pumpkins (Cucurbita pe-
po L.) in Yugoslavia — Identifikacija virusa infektivnih za obiå-

nu tikvu (Cucurbita pepo L.) u Jugoslaviji . . . . . . . . . . . 67
B o r i v o j Ð . K r s t i ã , P a l P . B o ÿ a , L j i l j a n a S . M e r k u l o v ,

L a n a N . K r s t i ã , S l o b o d a n k a P . P a j e v i ã , Ÿ i v k o S .
S t a n k o v i ã , Morphological, anatomical and physiological characteristics
of Lathyrus latifolius L. (Fabaceae) — Morfološka, anatomska i fi-

ziološka svojstva Lathyrus latifolius L. (Fabaceae) . . . . . . . . 81
A n t e A . V u j i ã , S m i l j k a D . Ð i m i ã , S n e ÿ a n a R . R a d e n k o -

v i ã , New data about hoverflies diversity (Insecta: Diptera: Syrphidae) on
the Fruška Gora mountain (Serbia) — Novi podaci o diverzitetu oso-

likih muva (Insecta: Diptera: Syrphidae) Fruške gore (Srbija) . . . 91

Instructions for authors — Uputstvo za autore . . . . . . . . . . . . 107



Zbornik Matice srpske za prirodne nauke izdaje Matica srpska
Izlazi dvaput godišwe

Uredništvo i administracija: Novi Sad, Ulica Matice srpske 1
Telefon: 021/420-199

e-mail: zmspn@maticasrpska.org.yu
www.maticasrpska.org.yu

Proceedings for Natural Sciences published by Matica Srpska
Published twice a year

Editorial and publishing office: Novi Sad, Ul. Matice Srpske 1
21000 Novi Sad, SCG

Phone: +381-21/420-199

The editors of the Matica srpska Proceedings for Natural Sciences
Completed the selection for Issue 103/2002 on November 20, 2002

Editorial Staff Secretary: Julkica Boarov
Managing editor: Dr. Slavka Gajin

English text proof-reader: Srðan Vraneš and Vera Vasiliã
Technical design: Vukica Tucakov

Published in June 2003
Publish by: Mladen Mozetiã, GRAFIÅAR, Novi Sad

Printed by: „Ideal", Novi Sad

Publikovawe ovog broja pomogli su
Ministarstvo za nauku, tehnologiju i razvoj Republike Srbije,
Nauåni institut za ratarstvo i povrtarstvo, Vojvoðanska banka

i Nauåni institut za veterinarstvo, Novi Sad.
The edition and printing of the Proceedings has been financially supported by the

Institute of Field and Vegetable Crops, Vojvoðanska banka
and Scientific Institute for Veterinary Medicine, Novi Sad.



Zbornik Matice srpske za prirodne nauke / Proceedings for Natural Sciences, Matica Srpska
Novi Sad, ¥ 103, 5—9, 2002

UDC 547.1-316:542.913

S u z a n a S . J o v a n o v i ã - Š a n t a * ,
S a n j a L . G a b o r o v , J u l i j a n a A . P e t r o v i ã
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SYNTHESIS OF
3-BENZYLOXY-17-MALEYLOXY-16,17-SECOESTRA-

-1,3,5(10)-TRIENE-16-NITRILE

ABSTRACT: Under the conditions of Beckmann fragmentation reaction, 3-benzyl-
oxy-17�-hydroxyestra-1,3,5,(10)-triene-16-one oxime (2) gave the D-seco derivative 3. Sodi-
um borohydride reduction of this compound afforded 3-benzyloxy-17-hydroxy-16,17-secoe-
stra-1,3,5(10)-triene-16-nitrile (4). The esterification of seco-cyanoalcohol 4 was achieved
by action of maleic acid anhydride in dry pyridine, yielding 3-benzyloxy-17-maleyloxy-16,
17-secoestra-1,3,5(10)-triene-16-nitrile (5).

KEY WORDS: Steroids, 16,17-seco-estrone derivatives, synthesis, Beckmann frag-
mentation reaction, esterification, hemiesters

INTRODUCTION

In the frame of a broader project directed towards obtaining potential an-
tiestrogens, a series of new 16,17-seco-estrone derivatives has been prepared
[ P e t r o v i ã et al., 1990; P e j a n o v i ã , 1991; S a k a å , 1997; P e t r o -
v i ã et al., 1998; J o v a n o v i ã - Š a n t a , 2000; J o v a n o v i ã - Š a n t a et
al., 2000]. One of them, 3-benzyloxy-17-hydroxy-16,17-secoestra-1,3,5(10)-trien-
-16-nitrile (4, Scheme 1), exhibited high antihormone action. We assumed that
this activity could be increased by functionalizing this compound with a moi-
ety possessing a free carboxyl group. Namely, it is known that steroid hormo-
ne derivatives having a side chain with a carboxyl function react with the
e-amino group of testosterone-binding globulin (TEBG), forming amide bonds
[E r l a n g e r et al., 1957]. Therefore, it can be expected that dicarboxylic
acid monoesters of seco-cyanoalcohol 4 will behave in the same way with es-
trogen receptors, thus enhancing the desired antihormone activity.
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EXPERIMENTAL

Melting points were determined in open capillary tubes on a Büchi SMP
apparatus and are uncorrected. NMR-spectra were taken on a Bruker AC 250E
spectrometer and are reported in parts per million downfield from a tetra-
methylsylane internal standard; symbols s, bs, d, dd, q and m denote singlet,
broad singlet, doublet, double doublet, quartet and multiplet, respectively.

3-Benzyloxy-17 -hydroxyestra-1,3,5(10)-triene-16-one oxime (2)
Compound 1 (1 g, 2.57 mmol) was dissolved under heating in a mixture

of methanol (20 cm3), methylene chloride (8 cm3) and 1% aqueous solution of
KOH (30 cm3). To the cooled solution, NaBH4 (0.95 g, 25.11 mmol) was ad-
ded portionwise. The reaction mixture was stirred for 20 min at room tempera-
ture and then refluxed for 40 min. After cooling, acetic acid was added to
pH 5 and the white precipitate collected and washed thoroughly with water
(0.98 g, 98.00% yield, mp 193—195°C). Recrystallization from methanol af-
forded analytically pure 2: 0.83 g (83.00%), mp 195—196°C.

1H-NMR (CDCl3): 0.80 (s, 3H, CH3, C18); 3.68 (bs, 1H, C17); 4.20 (s, 1H,
C17-OH); 5.13 (s, 2H, O-CH2-C6H5); 6.72—7.34 (group of signals, 8H, aroma-
tic protons); 8.87 (bs, 1H, C=N-OH).

13C-NMR (CDCl3): 11.22 (CH3, C18); 69.93 (O-CH2-C6H5); 156.81 (C3);
165.59 (C=NOH).

3-Benzyloxy-17-oxo-16,17-secoestra-1,3,5(10)-triene-16-nitrile (3)
-Hydroxy oxime 2 (1 g, 2.56 mmol, finely ground and dried for 3 hrs at

90°C) and p-toluenesulfonyl chloride (1.53 g, 8 mmol) were dissolved in abso-
lute pyridine (15 cm3). The reaction mixture was kept at room temperature for
3 hrs and than poured into an excess of cold diluted HCl. The separated preci-
pitate of the crude 3-benzyloxy-17-oxo-16,17-secoestra-1,3,5(10)-triene-16-ni-
trile (3) was collected, washed with water and dried (0.954 g, 95.40%). Col-
umn chromatography on silica gel (70 g, toluene-ethyl acetate, /95:5/) afforded
0.72 g (71.66%) of pure compound 3, mp 137—138°C.

1H-NMR (CDCl3): 1.18 (s, 3H, CH3, C18); 2.95 (d, 2H, C15); 5.08 (s, 2H,
O-CH2-C6H5); 6.78—7.35 (group of signals, 8H, aromatic protons); 9.40 (s,
1H, CHO).

13C-NMR (CDCl3): 13.11 (CH3, C18); 69.97 (O-CH2-C6H5); 118.63 (C N);
156.94 (C3); 204.76 (C=O).

3-Benzyloxy-17-hydroxy-16,17-secoestra-1,3,5(10)-triene-16- nitrile (4)
3-Benzyloxy-17-oxo-16,17-secoestra-1,3,5(10)-triene-16-nitrile (3, 1g, 2.68

mmol) was dissolved under heating in methanol (35 cm3). To the cooled solu-
tion NaBH4 (0.81 g, 22.2 mmol) was added portionwise. After stirring for 30
min at room temperature and refluxing for 20 min, the reaction mixture was
diluted with water (100 cm3). The white precipitate was filtered off, washed
with water and dried, yielding 0.98 g (98.00%) of crude secocyanoalcohol 4.
The product was purified on a silica gel column (100 g, toluene-ethyl acetate
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/2:1/), whereby 0.96 g (96.00%) of analytically pure 3-benzyloxy-17-hydroxy-
-16,17-secoestra-1,3,5(10)-triene-16-nitrile (4), mp 135—136°C, was obtained.

1H-NMR(CDCl3): 0.95 (s, 3H, CH3, C18); 2.16 (d, 1H, OH); 2.54 (dd, 1H,
Ha-C15, Jgem = 16.08 Hz, JI5a, 14 = 6.80 Hz); 2.68 (dd, 1H, Hb-C15, J15b, 14 = 7.15);
3.44 (q, 2H, C17); 5.03 (s, 2H, O-CH2-C6H5); 6.78—7.35 (group of signals,
8H, aromatic protons).

13C-NMR (CDCl3): 15.47 (CH3, C18); 69.87 (O-CH2-C6H5); 70.90 (C17);
119.94 (C N); 156.81 (C3).

3-Benzyloxy-17-maleyloxy-16,17-secoestra-1,3,5(10)-triene-16-nitrile (5)
Seco-cyanoalcohol 4 (1.16 g, 3.10 mmol) and maleic acid anhydride

(0.91 g, 9.3 mmol) were dissolved in absolute pyridine (10 cm3). The reaction
mixture was intensively stirred at room temperature for 6 hrs, than poured into
a mixture of ice and water and acidified with diluted HCl (1:1) to pH 5. From
the formed suspension compound 5 was extracted with diethyl ether (3 x 30 cm3),
the extract was dried over anhydrous sodium sulphate and evaporated to dry-
ness. The crude product was purified by column chromatography on silica gel
(70 g, methylene chloride-methanol /1:1/) giving 0.58 g (39.73%) of analyti-
cally pure 3-benzyloxy-17-maleyloxy-16,17-secoestra-1,3,5(10)-triene-16-nitri-
le (5), in the form of a pale yellow oil.

1H-NMR (CDC13): 1.05 (s, 3H, CH3, C18); 2.95 (d, 2H, C15); 3.98 (d, 1H,
H17a); 4.24 (d, 1H, H17b, Jgem=11.61 Hz); 5.07 (s, 2H, O-CH2-C6H5); 6.40 (d,
2H, HC=CH); 6.79—7.50 (group of signals, 8H, aromatic protons); 9.38 (s,
1H, COOH).

13C-NMR (CDCl3): 15.29 (C15); 15.73 (CH3, C18); 69.54 (O-CH2-C6H5);
72.32 (C17); 119.15 (C N); 156.56 (C3); 165.83 (COOH); 166.96 (COOR).

RESULTS AND DISCUSSION

As already mentioned, the aim of this paper was the synthesis of a new
D-seco-estrone derivative possessing a free carboxyl function in the side chain
at C-17, namely 3-benzyloxy-17-maleyloxy-16,17-secoestra-1,3,5(10)-triene-16-
-nitrile (5, Scheme 1).

Starting from oximinoketone 1, oximinoalcohol 2 was obtained in a high
yield by reducing of 1 with sodium borohydride in a mixture of methilene
chloride, methanol and water.

The Beckmann cleavage of oximinoalcohol 2 was carried out under the
action of p-toluenesulfonyl chloride in dry pyridine, yielding seco-cyanoal-
dehyde 3 in 95.4% yield. Further, by sodium borohydride reduction this com-
pound was converted, in a high yield, into the corresponding derivative 4. The
esterification of seco-cyanoalcohol 4 was achieved by action of maleic acid
anhydride in dry pyridine, yielding its maleic hemiester, 3-benzyloxy-17-ma-
leyloxy-16,17-secoestra-1,3,5(10)-triene-16-nitrile (5) in the form of a pale yel-
low oil.

7



According to the described procedure, syntheses of other hemiesters of
compound 4 are in progress, in order to study the influence of the side chain
length at C-17 on the biological activity.
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SINTEZA 3-BENZILOKSI-17-MALEILOKSI-16,17-SEKOESTRA-
-1,3,5(10)-TRIEN-16-NITRILA

Suzana S. Jovanoviã-Šanta, Sawa L. Gaborov, Julijana A. Petroviã
Departman za hemiju, Prirodno-matematiåki fakultet, Univerzitet

u Novom Sadu, Trg Dositeja Obradoviãa 3, Novi Sad

Rezime

U radu je opisana višefazna sinteza jednog novog D-seko-estronskog deri-
vata sa karboksilnom funkcijom u boånom nizu, 3-benziloksi-17-maleiloksi-
-16,17-sekoestra-1,3,5(10)-trien-16-nitrila (5). Ovo jediwewe je dobijeno este-
rifikacijom seko-cijanoalkohola 4 sa anhidridom maleinske kiseline u apso-
lutnom piridinu, dok je jediwewe 4 dobijeno po poznatom postupku iz oksimi-
noketona 1.

9





Zbornik Matice srpske za prirodne nauke / Proceedings for Natural Sciences, Matica Srpska
Novi Sad, ¥ 103, 11—15, 2002

UDC 577.152.1:599.323.4

L u c i a O l a r i u , A l f a X e n i a L u p e a * ,
I u l i a n a C h i s u , C a m e l i a T u l c a n

Faculty of Veterinary Medicine, Timi¤oara, Romania
* Faculty of Biology, Arad, Romania

OXIDOREDUCTASE IN RATS INTOXICATED
WITH CADMIUM

ABSTRACT: There are a lot of literature data concerning the toxicity of cadmium on
liver and kidney. The present work is concerning with the investigation of the effect of two
plant extracts: Alloe and Allium sativum and an alcoholic Propolis extract on the behavior of
the antioxidant systems. There were studied especially the activity of three enzymes: catala-
se, methaemoglobine reductase and superoxid dismutase consecutive an installed oxidative
stress after cadmium administration in single doze.

The changes which appear in the protection enzyme's activity are different in the red
blood cells and in liver. The natural extracts had a different influence on the enzymes activ-
ity. The alcoholic propolis extract was more efficient on catalase and superoxid dismutase
activities in comparison with the Allium sativum extract. The last one had an important role
in the activity of superoxid dismutase.

KEY WORDS: rat, oxidative stress, catalase, superoxid dismutase, methaemoglobin
reductase

INTRODUCTION

It is well known the toxicity of cadmium on kidney and liver (C e n u ¤ e
et al., 1998). By the inhibition of the glutathion peroxidase activity, the lipid
peroxidation was induced by the toxicity of cadmium (C h o w , 1979; C e -
n u ¤ e et al., 1998).

The antioxidant systems formed by glutathione peroxidase, glutathione re-
ductase, catalase, glucozo 6 phosphat dehidrogenase had a major role in remo-
ving the lipid peroxides formed under cadmium influence (C e n u ¤ e et al.,
1998).

The present work is concerning with the investigation of the effect of so-
me plant extracts on the behavior of the antioxidant systems consecutive an in-
stalled oxidative stress after cadmium treatment in single dose.
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MATERIALS AND METHODS

The experiment was carried on 30 Wistar, one year old male rats having
a body weight of 280—300 g divided in 5 batches. The first batch (L1) was
the control and was daily administrated with 0.5 ml of physiologic serum per
os. A single dose of 20 mg of cadmium was administered to the second batch
(L2) and from the second day only physiologic serum. The third batch (L3)
was administered with 20 mg of cadmium in single dose and from the second
day of the experiment was treated daily with 0.5 ml of an Alloe aqueous ex-
tract for three weeks. The fourth batch (L4) was administered with 20 mg cad-
mium in single dose and from the second day of the experiment was treated
daily with 0.5 ml of a Propolis alcoholic extract till the end of the experiment.
The fifth batch (L5) was administered with 20 mg cadmium in single dose and
from the second day till the end of the experiment was treated with an aque-
ous extract of Allium sativum. At the end of the experiment the rats were ana-
esthetized with chloroform and the blood was prelevated by heart puncture.
There were also prelevated liver and kidney. There were determined the blood
and liver catalase activity by Sinha method (I o r d a c h e s c u , 1988), metha-
emoglobin reductase activity (M a n t a et al., 1976) and the blood and liver
superoxide dismutase activity by the method with Nitroblue tetrazolium (NTB)
(I o r d a c h e s c u , 1988) by colorimetric methods (C h i ¤ u , 2000).

Data processing was done using the multiple interval test (Duncan), and
testing was done for the level of significance of = 0.05.

RESULTS AND DISCUSSION

As a consequence of the administration of the natural extracts there were
revealed important changes in the activity of the protection enzymes (Table 1,
Fig. 1).

Tab. 1. — The activity values of catalase (Cat) (UI), superoxid dismutase (SOD) (UI) and methae-
moglobin reductase (MetHb-red) (UI) in rats intoxicated with CdCl2

Batch Catalase blood Catalase liver SOD blood SOD liver Mhb-red % MHb

L1 70.5±2.44a 74.6±10.2a 4.55±0.12a 5.92±0.16c 17.5±2.56a

L2 53.5±3.6d 54.6±9.2b 1.86±0.15c 7.42±0.48b 13.97±1.02ab

L3 59.3±1.70c 67.5±4.25a 1.76±0.11c 3.37±0.17e 14.8±3.5ab

L4 64.6±3.70b 68.0±3.4a 3.30±0.12b 5.35±0.31d 11.97±0.67b

L5 58.5±2.75c 43.3±10.4c 4.55±0.37a 8.82±0.49a 13.7±0.45ab

* Values with the same letter do not differ significantly at = 0.05

There was observed a decreasing of both the blood and the liver catalase
consecutive the administration of a single dose of 20 ppm Cadmium at the se-
cond batch (intoxicated and untreated with natural extracts). The same obser-
vations were made to the batches (L3—L5) which were treated with the natu-
ral extracts.
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After the treatment of the natural extracts there was observed an increas-
ing of the blood catalase activity at the L3, L4 and L5 batches. The same ob-
servation could be made at the L3 and L4 in relation with the liver catalase
activity but not at the 5th batch (L5) treated with Allium sativum aqueous ex-
tract, where there were registered lower values of the enzyme activity. This re-
sponse of the blood catalase was a consequence at the induced oxidative stress
(SO), observation which was confirmed by former literature data (G h e r g a -
r i u , 1997).

Between the administrated natural extracts, the most efficient one, on the
blood catalase activity was the alcoholic propolis extract; the aloe and the Al-
lium sativum extract had similar effect on the blood catalase activity.

The liver catalase had a different behavior at the treatment with different
natural extracts. So, the aloe and the propolis extract have both the same effect
(an increasing with 10% in comparison with the control) but at the treatment
with the Allium sativum extract was registered a semnificative decreasing in
both the blood and the liver catalase activity (—17% as the values registered
at the control).

The superoxide dismutase activity (SOD) registered a decreasing at the
treated batches in comparison with the control but were semnificative different
between the treated batches. So, at the aloe treated batch (L3) the blood SOD
activity registered a decreasing with 6% as the intoxicated and untreated batch
(L2) but an increasing of the enzyme activity with 70—144% was registered
at the propolis (L4) and Allium sativum (L5) treated batches. The liver SOD
activity decreased at the aloe and propolis treated batches and increased at the
Allium sativum treated one but registered similar values with the control.

As a consequence of the installation of the oxidative stress, the methae-
moglobin reductase (metHb-red) activity decrease at the batches treated with
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aloe and propolis, but not at the batch treated with Allium sativum aqueous ex-
tract, where there was registered a decreasing of the methaemoglobin reducta-
se activity.

CONCLUSION

The changes which appear in the protection enzyme's activity are differ-
ent in blood and in liver. After the oxidative stress was installed both the red
blood cells enzymes and the liver enzymes registered a decreasing of their ac-
tivity.

The natural extracts had a different influence on the enzymes activity. So,
the alcoholic propolis extract was more efficient on the catalase and superoxid
dismutase activities in comparison with the Allium sativum extract. The last
one had an important role in the activity of superoxid dismutase.
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OKSIDOREDUKTAZA KOD PACOVA TRETIRANIH KADMIJUMOM

Lucia Olariu, Alfa Xenia Lupea*, Iuliana Chi¤u, Camelia Tulcan
Faculty of Veterinary Medicine, Timi¤oara, Romania

* Faculty of Biology, Arad, Romania

Rezime

Poznato je da kadmijum utiåe toksiåno na bubrege i jetru, kao i da oksido-
reduktaze mogu uticati na toksiånost kadmijuma u organizmu. U radu su ispita-
ni efekti nekih biqnih ekstrakata na ponašawe antioksidativnih sistema
posle stresa kadmijumom. Promene koje su se pojavile kao posledica zaštitne
uloge enzima su razliåite u crvenim krvnim zrncima i jetri mada im je zajed-
niåko smawewe inhibitornog dejstva kadmijuma. Prirodni ekstrakti imaju raz-
liåit uticaj na enzimsku aktivnost. Tako je alkoholni propolis ekstrakt više
uticao na katalaznu i superoksiddismutaznu aktivnost u poreðewu sa ekstrak-
tom iz luka — Allium sativum.
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GEOCHEMISTRY OF IRON IN SOILS OF VOJVODINA,
ŠUMADIJA AND NORTHERN POMORAVLJE

ABSTRACT: Iron is one of the most common elements in the Earth's crust and it is
fourth on the list of abundance after oxygen, silicon and aluminum. It plays an important
role in the biosphere. In plants it is necessary for the formation of chlorophyll, while in ani-
mals it acts in transferring oxygen from air or water to animal tissue.

During a large-scale sample collection, a regular orthogonal 10 x 10 km grid has been
used to avoid bias in site location. From the set of about 3000 samples from Vojvodina, Šu-
madija and Northern Pomoravlje, a selection of samples (from the arable layer 0—25 cm)
has been taken to represent the most important soil types. Total iron content has been deter-
mined by the atomic absorption spectrophotometric method (AAS). The soil samples have
also been assayed for metal on a phase-specific basis following procedures according to the
EC protocol. Spatial distribution of iron content over the investigated area has been presen-
ted in a pedogeochemical map.

The presented results have shown a wide range of iron contents, from 0.73 to 10.86%
Fe. Statistical analysis of the results obtained from 103 samples has shown an average value
of 4.06% Fe, with the standard deviation of 1.682 and the coefficient of variation of
41.49%. Iron contents lower than 2.10% have been found in 4.32% of the samples, medium
and average values (2.10—4.97% Fe) have been found in 55% of the samples, values higher
then the average have been found in 26.3% of the samples and the contents higher than
7.86% have been found in 13.96% of the samples.

Arenosols and rigosols developed on aeolian sands have shown the lowest levels of
total iron, from 0.73 to 1.82% Fe. On the other side, ranker developed on serpentinite has
shown maximum contents, between 8.53 and 10.86% Fe. Soils developed either on loess or
tertiary clay parent rocks (halomorphic soils, some marshy humogleys and vertisols) have
shown a wider range of results (1.33—4.65% Fe) with a shift of results towards average va-
lues.

The majority of the investigated soils that have fallen within the group between 3.00
and 4.96% Fe were represented by pseudogley, eugley, luvisol, fluvisol, eutric cambisol,
ranker and rendzina. Semigley and chernozem have shown a wider range of distribution of
results, from 2.18 to 7.72% Fe. Generally, the analyzed soils have shown lower average re-
sults compared with the available literature data.

Chemical speciation has shown that an average iron content of 84.24%, with the ran-
ge from 70 to 92%, was primarily associated with residual forms bound to the silicate litho-
genic fraction. An average of 12.69%, with the range from 6 to 26%, has been found as
Fe-Mn-oxide/hydroxide fraction. Organic-matter-bound iron (1—9%) and exchangeable and
carbonate-bound iron (0.09—1.92%) have been present to a lesser extent.

KEY WORDS: iron, soil, minerals, chemical speciation, pedogeochemical map
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INTRODUCTION

Iron is one of the most common elements in the Earth's crust and it is fo-
urth on the list of abundance after oxygen, silicon and aluminum. It is found
as the main constituent in all classes of minerals. In igneous rocks, it is found
associated with magnesium in silicates: olivine, pyroxene, amphibole and mi-
ca. Minor amounts of pyrite, pyrrhotite, magnetite and ilmenite are also found
in these rocks. In exogenic processes of surface weathering, in soils and sedi-
mentary rocks, iron is oxidized to goethite, hematite, siderite, or other second-
ary iron silicates such as chamosite, glauconite, greenalite or stilpnomelane.

In surface environments iron is very quickly oxidized and changed from
the ferrous to the ferric state in minerals. The susceptibility of iron to surface
oxidation is one of the major characteristics of its geochemical cycle. Ferric
oxide may oxidize organic mater and at the same time become reduced to the
ferrous state, but again it could be reoxidized by oxygen from the atmosphere.
So iron acts as a catalyst of carbon cycling in nature and their cycles are clo-
sely bound to the oxygen cycle. Iron plays an important role in the biosphere.
In plants it is necessary for the formation of chlorophyll, while in animals it
acts in transferring oxygen from air or water to animal tissue.

Tab. 1. — Average iron content (%) of various rocks and environments

Earth's crust 5.00 Limestone 0.86

Ultrabasic rocks 9.85 Clay and shales 4.72

Basic rocks 8.56 Soils 3.80 (0.3—55%)

Intermediate rocks 5.85 Biosphere 0.010

Granite 2.70 River water 0.005

Sandstone 2.80 Sea water 0.0015

From: B e u s (1975), B o w e n (1979), V i n o g r a d o v (1962)

An average content of iron in the Earth's crust is 5%. Igneous ultrabasic
rocks may contain up to 9.85% of iron, while many acidic rocks contain no
more then 1%, but on average 2.70% of total iron. Iron is a typical siderophile
element, which is concentrated in early magmatic crystallizates such as mag-
netite, ilmenite or chromite. Similar ionic radii of Fe and Mg allow continuous
substitution of elements in feromagnesian silicate minerals, olivine, pyroxenes
and amphiboles. In acid rocks significant amounts of iron enter into the struc-
ture of biotite.

In exogenic environments, during rock weathering and sedimentation, lar-
ge quantities of ferric oxide or hydrated ferric oxide or hematite and goethite
are formed, which are trapped in subtropical and tropical ferruginous soil and
laterites. In temperate climates iron is involved in the formation of clay miner-
als and some soils may contain from 0.3—55% Fe or an average of 3.80%.
Also, clays and shales may contain an average of 4.72% Fe. Under acidic or
reducing conditions of some organic humose soils, iron may transform into
ferrous-bicarbonate solution. Some quantities of iron may move to surface
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streams as colloidal ferric oxide. Ferrous carbonate will precipitate when car-
bon dioxide is removed, whereas ferric oxide may precipitate from solution as
a result of a change in the oxidation potential. Therefore, small deposits of
iron carbonate or iron oxide are formed in swamps and lakes from weathering
solutions.

Iron content of live tissues is as low as 0.010%, indicating its low biophi-
le activity, which is very similar to titanium and other oligoelements. Concen-
trations of 10 to 200 mg/l are toxic to plants, while amounts of 200 mg/day
are toxic for men.

MATERIAL AND METHODS

During a large-scale sample collection for a project financed by the Mini-
stry of Science and Technology, a regular orthogonal 10 x 10 km grid was
used to avoid bias in site location. From the set of about 3000 samples a col-
lection of samples from Vojvodina, Šumadija and Northern Pomoravlje was
taken to represent the most important soil types. Selection was restricted to the
samples from the arable layer with 0—25 cm depth.

After collection, samples were air-dried and sieved to pass through a
2 mm sieve. A 50 g subsample of soil was obtained by conning and quarter-
ing and then ground, to less then 150 mesh, in an all-agate planetary ball-
-mill. Sample digestion was carried out by hydrofluoric-perchloric acid mix-
ture (HF+HClO4). Iron content was determined by the atomic absorption spec-
trophotometric method (AAS), on PERKIN-ELMER 373 instrument.

The soil samples were sub-sampled and assayed for metal on a phase-
-specific basis following procedures for soils, outlined by T e s s i e r , C a m -
b e l l and B i s s o n (1979), which was carried out according to the EC pro-
tocol. The extraction procedures have partitioned soil-associated metal into
four fractions:

1. exchangeable and carbonate-bound metal ions
2. metal ions bound to Fe-oxides/hydroxides
3. organically-bound metal ions
4. residual metal ions bound to silicate lithogenic fraction

Histograms of the frequency distribution and summary consisting of the
mean, mode, percentiles, quartiles and range in a log-normal distribution of
iron were made by means of a GENSTAT program package. The classes used
to represent the data on the map were chosen from the box and whiskers anal-
ysis, according to K u e r z l (1986). Thus, the raster map showing the distri-
bution of iron has 5 classes and it was computer-generated using the UNIRAS
subroutine. Each square on the map represents the results from one 10 by 10
km grid scale unit.
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RESULTS AND DISCUSSION

The results of AAS analysis of total iron in the soils (A horizon) are pre-
sented in Table 2 and Figure 1. Spatial distribution of iron content over area
and within soils investigated is presented in Figure 2.

Tab. 2. — Statistical analysis of iron content (%) in various soil types

Soil type N Min Q1
25%

Md
50%

Q3
75% Max Average St.

dev.
CV
%

Arenosol 4 0.73 1.06 1.24 1.42 1.82 1.32 0.586 44.39
Vertisol 4 1.47 1.75 3.07 3.46 4.65 3.20 1.218 42.15
Halo-morphic 5 1.81 1.93 2.95 3.15 3.39 2.72 0.685 25.18
Humogley 7 1.33 2.27 2.98 3.45 4.20 2.93 0.893 30.48
Pseudogley 5 2.32 2.48 3.01 3.12 3.57 2.97 0.468 15.76
Eugley 5 2.59 2.67 3.16 3.71 4.20 3.05 0.908 29.77
Luvisol 5 2.96 3.06 3.56 3.68 3.90 3.42 0.397 11.61
Fluvisol 8 2.90 3.00 3.20 4.33 4.85 3.58 0.802 22.40
Eutric cambisol 14 2.85 3.36 3.81 4.14 5.01 3.82 0.552 14.45
Ranker 5 2.36 1.56 3.26 4.28 6.15 3.34 1.874 56.11
Semigley 20 2.50 3.53 4.98 5.98 7.82 4.99 1.630 32.67
Chernozem 18 2.18 4.05 5.45 6.26 7.10 4.87 1.853 38.05
Ranker (serp.) 3 8.53 8.92 9.64 10.21 10.86 9.75 1.934 19.84
All soils 103 0.73 3.00 3.68 4.97 10.86 4.06 1.682 41.49

The analysis of the results presented in diagrams in Figures 1a and 1b
and Table 2 showed a wide range of iron contents, from 0.73 to 10.86% Fe.
The statistical analysis of the results obtained from 103 samples showed an
average value of 4.06% Fe, median of 3.38 and mode of 3.20, with the stan-
dard deviation of 1.682 and the coefficient of variation of 41.49%, indicating a
slight shift of the results for the investigated area towards lower iron contents.

The classes presented in the map were calculated from the log-normal
box and whiskers analysis by using lower (3.00%) and upper (4.97% Fe) quar-
tile, as proposed by K u e r z l (1986). The lower and upper percentile-whis-
kers were obtained in the same manner, thus the map provided in Figure 2 has
5 classes. The iron content lower than 2.10% was shown by 4.32% of the
samples, medium and average values (2.10—4.97% Fe) were shown by 55%
of the samples, values higher than the average were shown by 26.3% of the
samples and the content higher then 7.86% was shown by 13.96% of the sam-
ples.

Arenosols and rigosols developed on Deliblato and Subotica aeolian sands
showed the lowest levels of total iron, from 0.73 to 1.82%. On the other side,
ranker developed on serpentinite, an initial undeveloped soil with strong influ-
ence of the parent rock, showed maximum contents, between 8.53 and 10.86%
Fe.

Soils developed on loess or tertiary clay parent rocks (halomorphic soils,
some marshy humogleys and vertisols) showed a wider range of results (1.33—
4.65% Fe) with a shift of results towards average values.
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The majority of the investigated soils that came within the group between
3.00 and 4.96% Fe were represented by pseudogley, eugley, luvisol, fluvisol,
eutric cambisol, ranker and rendzina. Semigley and chernozem showed a wider
range of distribution of results, from 2.18 to 7.72% Fe, the results scattering
towards lower values. Generally, our soils showed lower average results as
compared with the available literature data.

The pedogeochemical map given in Figure 2 presents the spatial distribu-
tion of total iron. It can be seen in this map that the lowlands of northern Voj-
vodina, which make the largest part of the Baåka region, showed minimum to
average values, while the hilly areas around the Fruška Gora Mountain, some
parts of Šumadija and Pomoravlje showed high to maximum iron contents.
Wide areas of Banat and large parts of western and central Šumadija showed
average iron contents, but mottled sporadically with small patches of lower or
higher contents.
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Fig. 2 — Pedogeochemical map of iron distribution in the analyzed soils
(square grid 10 x 10 km)

Class limit (Fe %) 0.73—2.10 2.10—3.00 3.00—4.96 4.96—7.86 7.86—10.86

Raster value Total

All soils (km2) 1800 4200 15600 8700 4700 35000

Vojvodina (%) 7.90 16.75 43.72 20.00 11.63 100

Šumadija and
Pomoravlje (%) 0.74 4.44 45.92 32.60 16.30 100



Minimal values were noticed in Baåka and Banat, in areas of Subotica
and Deliblato, respectively, where arenosols had developed on silicate-carbo-
naceous aeolian sands. Low iron contents were also observed over loess plate-
aus and terraces around aeolian sands where some chernozem and semigley
are developed, as well as on wider part of loess terraces in middle Banat, with
halomorphic soils, humogley and semigley developed on alluvial and loessial
derivatives.

Areas around the Fruška Gora Mountain and the region of Srem showed
increased iron contents, in consequence to high chlorite and biotite contents in
the clay fraction of rendzina, rankers on vulcanite and serpentinite, chernozem,
semigley, as well as eugley-marshy soils and fluvisols along the Sava River.

South of the Sava and Danube Rivers, in the regions of Šumadija and Po-
moravlje, average iron contents could be found in parts where pseudogley, eu-
tric cambisol and vertisol had developed on neogene loam and clay sediments.
Fluvisols and semiglays of Pomoravlje showed increased iron contents.

Maximum average iron contents were found in rankers developed on ser-
pentinite, as well as in some eutric cambisols and rendzine, which had develo-
ped on the hills and mountains of Šumadija, on schists, cretaceous flish, neo-
gene clay sediments, andesite and their tephra.

These distribution patterns are an expression of the parent rocks on which
the soils had developed. In Vojvodina, loess and neogene sediments and their
derivatives such as alluvial sediments and aeolian sands have influenced an
even spread of iron in the soils developed on such parent materials. In Šuma-
dija and Pomoravlje on the other hand, a number of soils had developed on
parent rocks differing widely in age, weathering history and petrographic com-
position. Alluvial sediments can be found along the river valleys, loess, neoge-
ne and Mesozoic sediments and Paleozoic schists can be found in hilly areas,
while andesite, dacite, granite and serpentinized peridotite are present in mo-
untain regions.

In order to establish a relationship between the mineralogy and pedology
of the soils on one side and base cations and iron on the other, a multivariate
cluster analysis was carried out. Correlation between variables was performed
according to Pearson and clustering was done by the weighted pair-group ave-
rage (WPGA) method.

The resulting dendrogram is presented in Figure 3. Minimal coefficient of
correlation for 103 degrees of freedom and the significance level of using the-
se parameters, the 20 variables were clustered into 3 groups.

The first group showed the highest clustering of carbonates and soil reac-
tion (pH). In this group of minerals, calcite and dolomite (Ca and Mg bases)
were closely correlated with soil pH followed by the associations of mixed-
-layer-silicates (MSS) of (14—14) type or chlorite — smectite and (10—14)
type or ilite-smectite as well as humus content in soil. The group MSS had
been formed during the weathering of primary minerals in the presence of hu-
mic acids, as a transition from primary chlorites and mica to clay fraction illite
and chlorite. The latter minerals, contain significant amounts of Mg and Fe,
respectively.
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The second group comprised hydrated alumosilicates and K% and Fe%
contents. There were two subgroups, the first one including clay minerals kao-
linite, smectite and vermiculite, the second one including micas, illite and
chlorite, with K% bound to the first two minerals and Fe% bound to the last
mineral. The mineralogical analysis of the soils showed the presence of small
amounts of mica — biotite, illite of the phengite type, vermiculite, smectite of
the ferro-beidelite type and chlorite from the ripidolite-chamosite mineral se-
ries.

The third group generally comprised primary minerals and it could be di-
vided into two subgroups. The first subgroup showed significant correlations
of Na% contents and plagioclase, which is normal since most feldspars present
in the soils were of the acid plagioclase group (albite-ologoclase). This group
included also goethite and alkali amphibole. The second subgroup was repre-
sented by quartz and orthoclase. Quartz was the most common mineral in the
analyzed soils. While it is a stable mineral in the prevailing temperate climate,
the minor amounts of orthoclase that accompanied quartz are less stable and in
close association with parent rocks. The group of primary minerals showed a
slight negative correlation, without statistical significance, with the other two
groups, i.e., clays and carbonates.

In order to ascertain the bioavailability of iron, an additional sequential
selective extraction of 20 selected samples of the most common soils was car-
ried out according to the EC protocol. Chemical speciation of iron in the soils
and the distribution of exchangeable, oxide, organic and residual forms are
presented in Table 3 and Figure 2.
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Tab. 3. — Statistical analysis of chemical speciation of Fe (%) in 20 soil samples

Min Q1
25%

Md
50%

Q3
75% Max Average St. dev. C.V.

%

Exchangeable 0.09 0.18 0.47 0.86 1.92 0.61 0.54 89.84

Oxide 6.02 7.75 9.74 16.46 25.67 12.69 6.38 50.31

Organic 1.42 1.75 2.05 2.48 8.04 2.50 1.49 59.53

Residue 69.68 80.18 86.49 90.04 92.21 84.24 7.14 8.48

From Table 3 and Figure 2 it is evident that an average iron content of
84.24%, with the range from 70 to 92%, was primarily associated with resid-
ual forms bound to the silicate lithogenic fraction. An average of 12.69%, with
the range from 6 to 26%, was found as Fe-Mn-oxide/hydroxide fraction. Orga-
nic-matter-bound iron (1—9%) and exchangeable and carbonate-bound iron
(0.09—1.92%) were present to a lesser extent.

Maximal concentrations of residual iron were found in the soils with high
content of chlorite and minor concentrations of biotite, indicating that these si-
licate minerals have suffered the least transformations during argilogenesis.
Due to the relatively semi-arid climate with about 600 mm of annual rainfall
and high summer temperatures, transformations of minerals in chernozems
were relatively minimal in relation to the other investigated soils.

However, as the rainfall increased, so increased its influence on the mine-
ral weathering and there occurred a gradual decrease in residual iron with
slight increases in other „free" forms of iron, such as that in goethite and oc-
casionally in hematite. The largest changes were found, as expected, in luvi-
sols and dystric cambisols, in which „free oxides" reached 20—25% of the to-
tal iron content. All of the investigated soils were grouped between these two
values. It is interesting to mention that the hydromorphic soils shown an incre-
ased content of „free oxides" in relation to the automorphic soils.

The organic-bound iron was found in the concentrations between 1.4 and
8% and it occurred unanimously in all soils. Minimal concentrations (1.4—
2.2%) were found in the automorphic soils, chernozem and eutric cambisol,
which had developed on well-drained substrates in aerated environments. How-
ever, in the fluvisol and various gleysols, which had low soil aeration and am-
plified concentration of organic matter because they had been saturated for a
short or long period of time with either surface or underground waters, the
contents of organic-bound iron were increased (2—3%). Maximal concentrati-
ons of organic-bound iron were found in rankers developed on serpentinite and
acid forest soils, which could be attributed to the decay of litter rich in organic
matter and the ratio of humic to fulvic acids in these soils.

The contents of exchangeable and soluble forms of iron (amorphous fe-
rihydrite or Fe carbonate) were quite low, with the exception of pseudogley,
semigley and fluvisol that had developed on alluvial planes and loess terraces,
in which the total iron content was slightly higher, ranging between 1 and 2%.

25



CONCLUSIONS

The comprehensive investigation of iron in the soils from Vojvodina, Šu-
madija and Northern Pomoravlje, the main agricultural regions of the country,
showed a wide range of concentrations of the investigated element. Based on
the obtained results, the following conclusions were drawn.

The lowest contents of iron were found in the northern parts of the regi-
ons of Baåka and Banat, in Subotica and Deliblato aeolian sands, where areno-
sols had developed on silicate-carbonate sand dunes. Low average contents
were also registered for the loess plateaus and terraces around the aeolian
sands, where chernozem and semigley had developed, as well as for a part of
the wide loess terrace in central Banat, where humogley, semigley and saline
— halomorphic — soils had developed.

South of the Sava and Danube Rivers, the areas of Šumadija and Pomo-
ravlje with pseudogley, eutric cambisol and vertisol developed on Neogene lo-
amy and clayey sediments showed average contents of iron. In the region of
Pomoravlje, increased iron contents were found in fluvisols and semigleys de-
veloped on the alluvial plain of the Morava River.

Enhanced iron contents were found in a wider area around the Fruška
Gora Mountain and in the area of lower Srem. They were due to high concen-
trations of chlorite and mica (biotite) in the clayey fractions of rendzinas, due
to rankers developed on volcanic rocks as well as due to semigley, fluvisol
and eugley in marshy areas along the Sava River.

Maximum average contents of iron were associated with chernozem, eu-
tric cambisol and semigley on the slopes of the Fruška Gora Mountain, with
ranker developed on serpentinite, and with eutric cambisols and rendzinas,

26

Fig. 4 — Chemical speciation of iron in the investigated soils



which had developed at the highest points of the hilly Šumadija region, on
schists, cretaceous flysch, neogene sediments and andesite-effusive rocks and
their tuffs.
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GEOHEMIJA GVOŸÐA U ZEMQIŠTIMA VOJVODINE, ŠUMADIJE
I SEVERNOG POMORAVQA

Nikola M. Kostiã1, Adam V. Dangiã2, Miodrag D. Jakovqeviã1

1 Poqoprivredni fakultet, Beograd
2 Rudarsko-geološki fakultet, Beograd

Rezime

Gvoÿðe je jedan od najåešãih elemenata u Zemqinoj kori, åetvrti u nizu
po zastupqenosti iza kiseonika, silicijuma i aluminijuma, gde se nalazi kao
glavni gradivni element u svim klasama minerala. Ono igra veoma vaÿnu ulogu
u biosferi. U biqkama je neophodno za stvarawe hlorofila, a kod ÿivotiwa
sluÿi u transferu kiseonika iz vazduha ili vode do vitalnih organa.

U toku višegodišweg projekta izvršeno je detaqno uzorkovawe terena
Vojvodine, Šumadije i Pomoravqa, po kvadratnoj mreÿi sa osnovom 10 h 10 km.
kako bi se izbegla greška uzorkovawa. Sakupqeno je 3000 uzoraka a od tog broja
uzoraka izvršena je selekcija uzoraka iz orniåkog sloja sa dubine od 25—30 cm.
Sadrÿaj gvoÿða odreðen je metodom atomske apsorpcione spektrofotometrije
(AAS).

Analiza predstavqenih rezultata pokazuje interval pojavqivawa gvoÿða od
0.73 do 10.86% sa skoro pravilnom log-normalnom distribucijom rezultata.
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Proseåni sadrÿaj gvoÿða iznosi 4.06%, sa standardnom devijacijom 1.682 i ko-
eficijentom varijacije 41,49%. Geografska distribucija sadrÿaja gvoÿða pri-
kazana je na pedogeohemijskoj karti u tekstu. Naša zemqišta pokazuju generalno
niÿe proseåne sadrÿaje gvoÿða u poreðewu sa literaturnim podacima.

Najniÿi sadrÿaji gvoÿða konstatovani su na prostorima Baåke i Banata,
u Subotiåkoj i Deliblatskoj pešåari, gde su razvijeni arenosoli na silikat-
no-karbonatnim peskovima. Niÿi do proseåni sadrÿaji takoðe prate lesne
platoe i terase oko pešåara, gde su razvijeni åernozem i semiglej, kao i deo
šire lasne terase u sredwem Banatu, gde su razvijeni humoglej, semiglej i slana
— halomorfna — zemqišta.

Juÿno od Save i Dunava, prostor Šumadije i Pomoravqa pokazuje proseå-
ne sadrÿaje gvoÿða, gde su razvijeni pseudoglej, eutriåni kambisol i vertisol
na neogenim ilovastim i glinovitim sedimentima. U Pomoravqu sa fluviso-
lima i semiglejem na aluvijalnoj ravni Morave pojavquju se povišeni sadrÿaji
gvoÿða.

Širi prostor oko Fruške gore i podruåje Srema pokazuju poveãane sadr-
ÿaje gvoÿða, što je posledica više koncentracije hlorita i liskuna (biotita)
u glinama rendzina, rankera na vulkanitima i serpentinitima, åernozema, se-
migleja, kao i euglejno-moåvarnih zemqišta i fluvisola oko reke Save.

Najviše proseåne sadrÿaje gvoÿða pokazuju åernozem, gajwaåa i semiglej
na obroncima Fruške gore, zatim rankeri razvijeni na serpentinitima, kao i
neki eutriåni kambisoli i rendzine, koji su razvijeni na škriqcima na naj-
višim kotama Šumadije.

U ciqu utvrðivawa distribucije hemijskih oblika gvoÿða u zemqištima
uraðena je hemijska specijacija po EEC protokolu. Dobijeni rezultati pokazuju
znaåajne varijacije u pojedinim oblicima kao i u samim zemqištima. General-
no posmatrano, gvoÿðe je u rezidualnom delu vezano za silikate (69—92%). Zna-
åajnije koliåine gvoÿða javqaju se u obliku „slobodnih oksida", najåešãe fe-
rihidrita, getita i reðe hematita (6—25%), zatim kao organski vezano gvoÿðe
(1.4—8%) i najmawe kao pristupaåno-izmenqivo i za karbonate vezano gvoÿðe
(0.1—1.9%).
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SEED PROTEIN VARIABILITY IN SAFFLOWER

ABSTRACT: Total seed proteins in two safflower species (Carthamus tinctorius L.
and C. lanatus L.) have been separated by the SDS-PAGE method. Their molecular masses
ranged from 120 to 20 kDa. All C. tinctorius genotypes under study exhibited identical
electrophoretic patterns which differed from the pattern exhibited by the wild species C. la-
natus in the number and position of protein bands. Differences in protein profiles occurred
in regions around 60 kDa, from 43 to 36 kDa and around 30 kDa. Statistically significant
differences in seed protein content were found among safflower genotypes from different
countries as well as among genotypes from the same country but from different sites. The
highest seed protein content was found in a genotype originating from the USA.

KEY WORDS: electrophoresis, safflower, seed proteins

INTRODUCTION

Safflower is an annual plant from the family Compositae. It is referred to
in literature as cultivated (Carthamus tinctorius L.) and wild species (C. lana-
tus L.). Africa and Asia are mentioned as places of origin, with the Mediterra-
nean as the main region of distribution. Safflower is an important aromatic
and medicinal plant. Due to high oil content in seed, it is also cultivated as an
oil crop. Cartamine (C21H22O11), a coloring substance found in the flowers of
this plant, is used as colorant in food-processing industry (H e g i , 1954; R a -
p o t i and R o m v a r i , 1972).

K i s s et al. (2001) found significant differences in the contents of total
fatty oil, oleic and linoleic acids in safflower seeds collected in different coun-
tries and those collected from different sites in the same country.
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The importance of evaluation and preservation of wild and less cultivated
plant species was recognized during the 20th century. Broad source of useful
genes is essential for successful breeding process. The first step is to characte-
rize genetic resources and to evaluate polymorphism in germplasm. In the next
phase, useful genes from wild relatives are introduced into cultivated material
by conventional breeding methods or methods of genetic engineering. Within
the scope of safflower breeding programs, isozyme variability (Z h a n g ,
2001) and PCR-based RAPD analysis (Y a z d - I s a m a d i et al., 2001) were
carried out to detect genetic diversity in the genus Carthamus. The results
showed that two classes of markers could be useful for the classification of
germplasm and identification of safflower landraces.

The aim of this paper was to evaluate seed protein variability in different
Carthamus tinctorius genotypes and in C. lanatus.

MATERIAL AND METHODS

The study was carried out on safflower cultivated genotypes (Carthamus
tinctorius L.) and its wild relative (C. lanatus L.). The experimental material,
obtained from the gene bank of the Institute of Agrobotany, Tapioszele, Hun-
gary, included 15 cultivated genotypes from different countries and one wild
safflower (Table 1):

Tab. 1. — Analyzed safflower genotypes

Sample Species Seeds origin Sample Species Seeds origin

1 C. tinctorius Hungary,
Nyiregyhaza 9 C. tinctorius Germany

2 C. tinctorius Hungary,
Nyiregyhaza 10 C. tinctorius Hungary,

Nyiregyhaza

3 C. tinctorius Romania,
Nagyvarad 11 C. tinctorius India

4 C. tinctorius England 12 C. tinctorius Hungary,
Cegled

5 C. tinctorius USA 13 C. tinctorius Germany

6 C. tinctorius Germany 14 C. tinctorius Hungary,
Mateszalka

7 C. tinctorius Slovakia 15 C. tinctorius Germany

8 C. tinctorius Poland 16 C. lanatus Germany

SDS-PAGE was carried out with the buffer system described by L a e m -
m l i (1970). Embryoless mature seeds (20 mg/0.5 ml) were suspended in a
sample buffer of TRIS-HCl (pH 6.8), 2% SDS, 5% mercaptoethanol and 20%
glycerol. After shaking for 2 h at room temperature, the suspension was boiled
for 2 min. After centrifugation (5000 g) for 5 min at room temperature, 50 �l
of protein solution were applied to a gel that consisted of 11.84% acrylamide
and 0.16% bisacrylamide (1.35% C). Electrophoresis was carried out in verti-
cal slab gels (180x160x1.5 mm). Two gels were run at 40 mA for 30 min and
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80 mA for 3 h. Proteins were stained with 0.02% Coomassie Brilliant Blue R
250 in 40% methanol, 10% glacial acetic acid.

Seed protein content was calculated by multiplying total nitrogen content
with factor 6.25. Total nitrogen content was determined by the micro-Kjeldahl
method. The results were statistically processed for LSD.

RESULTS AND DISCUSSION

Total seed proteins were separated by the SDS-PAGE method. Their mo-
lecular mass ranged from 120 to 20 kDa. Four regions could be distinguished
in gel slabs, each possessing characteristic arrangement and number of bands.
All cultivated genotypes of C. tinctorius had identical electrophoretic patterns,
which differed from that found in the wild species C. lanatus (Figure 1).

In the region around 60 kDa, the cultivated genotypes had two bands and
the wild species three. Most striking differences in both the number and arran-
gement of bands occurred in the region from 43 to 36 kDa (Figure 2). The
cultivated genotypes had eight bands and the wild species nine, all of which
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Fig. 1. — Total seed protein electrophoregram of safflower genotypes (from left to right:
C. tinctorius genotypes 1, 12; C. lanatus; C. lanatus; C. tinctorius genotypes 3, 4, and 5)
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Fig. 2. — Total seed protein electrophoregram of safflower genotypes, major differences
between two species were observed in the range of 43—36 kDa

Fig. 3. — Total seed protein content of safflower genotypes



differed in intensity and mobility. Differences in the number and arrangement
of bands also existed in the region of 30 kDa. The cultivated genotypes had 6
bands, the wild species four.

Significant differences in seed protein content were found among saf-
flower genotypes from different countries as well as among genotypes from
different sites in the same country (Figure 3). The highest protein content was
found in the sample from the USA. In an earlier study, K i s s et al. (2001)
had found the highest oil content in the same sample. Our result was thus un-
expected because a negative correlation typically exists between protein and li-
pid contents in seed. Low carbohydrate contents in safflower seed samples
form the USA seem to be the only explanation for this. Regarding the seed
protein content in the wild relative, it was in agreement with the average con-
tent of the cultivated genotypes.

REFERENCES

H e g i , G. (1954): Illustrierte Flora von Mittel-Europa, Carl Hanser Verlag, München.
K i s s , A . S . , S t e f á n o v i t s - B á n y a i , É . , K a s t o r i , R . , P u c a r e v i c ,

M . , V ö r ö s v á r y , G . , H o l l y , L . , T a k á c s - H a j o s , M . (2001): A
külömbözö termóhelyról származó sáfrányos szeklice (Carthamus tinctorius L.)
magvak olajtartalmának vizsgálata, Proceedings of the 8th Symposium on analyti-
cal and environmental problems. Szeged, Hungary.

L a e m m l i , U. K. (1970): Cleavage of structural proteins during the assembly of the
head of bacteriophage T4, Nature, 227: 680.

R á p ó t i , J . , R o m v á r i , V . (1972): Gyógyitó növények, Medicina Könyvkiadó,
Budapest.

Z h a n g , Z . (2001): Genetic diversity and classification of safflower (Carthamus tin-
ctorius L.) germplasm by isozyme techniques, The 5th International Safflower
Conference, Williston, ND and Sidney, MO, USA. Abstract No. 5.

Y a z d - I s a m a d i , B . , M a a l i A m i r i , R . , G h a n n a d h a , M . R . , A b -
d a m i s h a n i , C . (2001): Detection of DNA polymorphism in landrace popula-
tions of safflower from Iran using PCR technique, The 5th International Safflower
Conference, Williston, ND and Sidney, MO, USA. Abstract No. 12.

33



VARIJABILNOST PROTEINA SEMENA ŠAFRANA

Dragana R. Obreht,1 Qiqana B. Vapa,1 Sándor A. Kis,2 Mária Takács-Hajos,3
Éva Stefánovics-Bányai,4 Gábor Vörösvári,5 Rudolf R. Kastori6

1 Prirodno-matematiåki fakultet, Novi Sad, SCG
2 Magyar Magnézium Társaság, Szeged, Hungary

3 Tessedik S., Föiskola, Szarvas, Hungary
4 SZIE Élemiszertudományi Kar, Budapest, Hungary

5 Agrobotanikai Intézet, Tápioszele, Hungary
6 Nauåni institut za ratarstvo i povrtarstvo, Novi Sad, SCG

Rezime

Ukupni proteini semena dve ispitivane vrste šafrana (Carthamus tincto-
rius L. i C. lanatus L.) su razdvojeni metodom SDS-PAGE i wihova molekulska
masa se kretala od 120 do 20 kDa. Svi gajeni genotipovi vrste C. tinctorius ima-
li su identiåne elektroforetske putawe koje su se razlikovale po broju i polo-
ÿaju proteinskih traka od divqe vrste C. lanatus. Razlike u proteinskim pro-
filima javqale su se u regionima: oko 60 kDa, od 43—36 kDa i 30 kDa. Utvrðe-
na je statistiåki signifikantna razlika u sadrÿaju proteina u semenu šafra-
na poreklom iz razliåitih zemaqa, kao i izmeðu semena poreklom iz iste ze-
mqe sa razliåitih lokaliteta. Najveãi sadrÿaj proteina utvrðen je u semenu
poreklom iz SAD.
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GENETIC VARIABILITY AND DIVERSITY OF CORN
BREEDING MATERIAL ORIGINATING FROM DOMESTIC

AND FOREIGN POPULATIONS DETERMINED ON THE
BASIS OF BIOCHEMICAL-GENETICAL MARKERS

ABSTRACT: Isozymes can serve as genetic markers and their number should be lar-
ge enough in order to make the coverage of genomes as complete as possible and in order
to use these methods for gene marking for required agronomic traits. These markers are the
products of 21 mapped genes, which is relatively reliable number for their application in
mapping for certain agronomic traits. Genetic variability and diversity are significant for po-
pulations and for selfpolinated lines as basic material in breeding and creation of new corn
hybrids. For that reason, several groups of corn populations of different origin were ana-
lyzed. Two groups of Yugoslav populations, Italian, Portuguese and French collections were
assessed on the basis of detected alleles of 21 loci and standard genetic distances between
genotypes. Yugoslav corn collections had shown high heterozygosity, on the basis of
isozymes as gene markers. Genetic diversity of Italian populations was pronounced on the
basis of some loci, and the Portuguese populations had more polymorphic and more hetero-
zygous loci than French populations. Inter-genetic variability between populations and their
geographical location are very important in breeding crops for creation of heterosis.

KEY WORDS: Genetic variability, diversity, genetical markers, isozymes, corn, pop-
ulations.

INTRODUCTION

Biochemical, physiological and genetical studies should be connected at
the level of gene, i.e. molecular level. Research and application of new molec-
ular methods should, above all, find its way in breeding and seed science. Ap-
plication of molecular markers is multilateral and is used for:

— identification of genes for desirable agronomic traits
— identification of genes for disease resistance
— identification of genes for qualitative seed traits
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Role of molecular markers in breeding is based on „linkage" of gene
markers and genes for required quantitative and qualitative traits. This kind of
research is widely used in the world. They encompassed laboratory analysis of
markers and integration of these methods with classical breeding methods.
These methods can be applied in seed science, in control of specific seed qual-
ity, i.e. genetic purity. For their application the wide spectra of methods by
which screening tests are made possible should be introduced.

Spectra of genetic changes of cultivated species and their wild relatives
are kept and maintained in seed banks and field gen banks world widely
( S i m p s o n , W i t h e r s , 1986). Markers in gene-banks have potential ap-
plication in identification of collection samples and are different among tested
samples, clones, pure lines, inbreeding of population groups which differ in
genetic variability and demand different treatments.

The aim of this investigation was to determine genetic variability and di-
versity of breeding corn material of different origin on the basis of isozymes
as gene markers. Used isozymes were products of certain polymorphous loci
on the basis of which some genetic characteristics of great number of populati-
ons of certain groups were determined as well as their significance for creation
of heterosis hybrids.

According to many authors (S a l a n o u b a t , P e r n e s , 1986, V e l d -
b o o m , L e e , 1996), result of adaptation process to biotic and abiotic is
highly heterogeneous population. Modifications of pure lines are according to
H a l l a u e r (1990) continued with new sources of germplasm. Methods for
parent identification, and for heterozygous pairs crossing, are the molecular
markers, according to the same author. Isolation and identification of DNA se-
quences and genes, are meant to be efficient tools for development of lines
and identification of best crossing. Genetic classification of lines originating
from different population groups can be done on the basis of molecular mark-
ers far more efficient than on the basis of field testing of genotypes of un-
known heterosis effect (M u m m , D u d l e y 1994). This type of estimation
is made on the basis of isoenzymic markers for hybrid identification, for effi-
cient selection, and discovering the genetic traits of elite hybrids (S m i t h ,
1989.)

Usage of molecular markers is being introduced into a basis of genetic
researches by which all components of breeding are connected and have a key
role in genetical, biochemical, physiological and molecular basis of heterosis
( S m i t h and C h i n , 1993).

The aim of this investigation was to determine genetic variability and di-
versity of breeding corn material of different origin on the basis of isozymes
were products of certain polymorphous loci on the basis of which some ge-
netic characteristics of great number of populations of certain groups were de-
termined as well as their significance for creation of heterosis hybrids.

MATERIAL AND METHODS

Several groups of corn populations of different origin were analyzed. Yu-
goslav populations encompassed two groups: 17-hard dents and 18-soft flints.
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These populations were obtained by hybridization of populations belonging to
other groups.

Collections from Italy came from different regions of this country, 50 po-
pulations from the collection of Portuguese and 20 populations from French
collection. These populations originated from different geographical and ecolo-
gical regions and they differed in vegetation period.

Genetic characters of the populations were assessed on the basis of al-
lozymic genotypes belonging to 20 loci. The tested materials were analyzed
for the frequency of detected alleles, polymorphism and heterozygosity of the
loci and standard genetic distances after N e i (1978). Genetic diversity be-
tween populations of certain groups was determined by cluster analysis accor-
ding to Euclidean distances.

Application of genetic markers, their hromozomic location and the meth-
ods of reading were done according to S t u b e r et al. (1988) on the basis of
polymorphism of enzymic systems and 20 loci.

RESULTS AND DISCUSSION

Domestic populations from two groups: 17-hard dents and 18-soft flints
were analyzed on the basis of 21 isoenzymic loci on which 66 alleles were
found (Tab. 1). Populations of these groups were obtained by hybridization
of populations belonging to some other groups and that is way they are consi-
dered to be the „youngest". On the basis of certain loci (Mdh1,2, Adh1,
Got2) differences, between populations and groups to which they belong, were
found.

Tab. 1 — Alleles detected in examined Yugoslav collections

No. Loci Allele-designated Total

1. Acp 1 2, 3, 4, 6 4

2. Adh 1 4, 6, N 3

3. Cat 3 7, 9, 12, N 4

4. Enp 1 6, 7, 8 3

5. Est 8 3, 4, 4.5, 5, 6 5

6. Glu 1 1, 2, 3, 6, 7, N 6

7. Got 1 4, 6 2

8. Got 2 2, 4, 6, N 4

9. Got 3 4 1

10. Idh 1 4, 6, N 3

11. Idh 2 4, 6 2

12. Mdh 1 1, 6, 9, 10.5, N 5

13. Mdh 2 3, 3.5, 6, N 4

14. Mdh 3 16, 18 2

15. Mdh 4 8, 12 2

16. Mdh 5 12, 15 2
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17. Pgm 1 9, 16, 17, N 4

18. Pgm 2 2, 3, 4 3

19. Pgd 1 2, 3.8 2

20. Pgd 2 2.8, 5 2

21. Phi 1 3, 4, 5 3

Total: 66

Genetic diversity of the populations inside groups was analyzed on the
basis of standard genetic distance (D). For these groups the cluster analysis
was given (Fig. 1 and 2). The populations C133; C432, C214 and C433 were
similar in group 17. In this group division of populations into two groups, the
first one from C133 to C76 which was more homogenous, and the second
from C612 to C382, was noticed. In group 18 the similar populations were
C139, C576, C533, C647 and C326. In this group two populations were distin-
guished from the rest of the analyzed populations in this group (C124 and
C127) which were genetically rather distant. In order to broaden the genetic
basis for corn breeding the populations with greater variability and diversity,
although these two factors can, but don't necessarily have to be in correlation,
can be of some significance.

The populations from Italy gathered at the Istituto Sperimentale per la
Cerealicoltura, Bergamo, were analyzed. Thirty (30) populations from different
regions of Italy were studied. Genetic properties of the populations were deter-
mined on the basis of analyzed eleven enzymic systems controlled by twenty
(20) loci. The alleles in these populations were detected, their frequencies and
heterozygosity of the studied loci was determined, and finally the standard ge-
netic distance among all analyzed populations i.e. genetic diversity between all
pairs of populations were determined (Tab. 2).

Tab. 2 — Alleles, polymorphism of Loci, Heterozygousity and Standard Genetic Distances (D) in
Italian Populations

Number of
population

Number of
alleles

Average alleles
per locus

Mean proportion
of polymor. loci

(%)

Heterozyg ous.
(He) Mean of D

1 33 1.6 55 0.173 0.072

2 32 1.6 45 0.168 0.076

3 32 1.6 45 0.129 0.067

4 34 1.7 60 0.224 0.080

5 31 1.5 50 0.175 0.076

6 32 1.6 50 0.169 0.091

7 33 1.6 45 0.181 0.058

8 34 1.7 55 0.185 0.067

9 37 1.8 60 0.212 0.058

10 34 1.7 60 0.203 0.063

11 33 1.6 55 0.171 0.068

12 31 1.5 50 0.202 0.073

13 33 1.6 55 0.223 0.046
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14 32 1.6 50 0.209 0.070

15 30 1.5 45 0.179 0.069

16 38 1.9 70 0.242 0.072

17 41 2.0 75 0.235 0.069

18 35 1.7 55 0.220 0.055

19 34 1.7 45 0.212 0.059

20 37 1.8 60 0.212 0.075

21 36 1.8 60 0.220 0.048

22 35 1.7 55 0.207 0.054

23 36 1.8 60 0.232 0.057

24 31 1.5 50 0.218 0.056

25 35 1.7 50 0.217 0.044

26 33 1.6 50 0.292 0.058

27 35 1.7 55 0.182 0.054

28 32 1.6 50 0.190 0.053

29 31 1.5 50 0.222 0.070

30 32 1.6 45 0.200 0.063

The comparison of the frequencies of alleles in Italian and Yugoslav mai-
ze populations showed that frequencies for most alleles were similar, but there
were alleles which frequencies were different in these collections. On the basis
of some alleles which were rare or more frequent in the populations some dif-
ferences were found among Italian and Yugoslav maize collections (Acp1,
Adh1, Mdh5).

The mean polymorphism of the analyzed loci was 45 to 75% (Tab. 2).
On the basis of the obtained frequencies of the detected alleles, the genetic
distances (D) were calculated for all analyzed populations. Standard genetic
distance ranged from 0.044 to 0.091.

Open pollinated corn collections were examined, 50 from Portuguese and
20 from French collections. The populations originated from different geograp-
hical and ecological regions. Their genetic characters were assessed on the ba-
sis of isozymes as gen markers controlled by 20 loci. A range of allelic fre-
quencies was detected (Tab. 3). The detected alleles were common to almost
all populations and their frequencies were usually high. Several new but rare
alleles were found in both collections. These populations differed in frequency
of the alleles on loci Acp1, Glu1, Mdh2, Pgd2. The total number of alleles per
population was 31 to 43 for Portuguese collection, i.e. an average of two alle-
les per locus (Tab. 4).

Tab. 3 — Average frequencies for the detected alleles in Portuguese and French collections

Locus-allele
Frequency

Locus-allele
Frequency

Portugal France

Acp 1—2
3
4
6

0.45
0.03
0.49
0.03

Acp 1—2
3
4
6

0.44
0.01
0.56
0.01
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Adh 1—4
6
N

0.65
0.35
0.01

Adh 1—4
6
N

0.65
0.35
0.01

Cat 3—7
9
12
N

0.06
0.62
0.28
0.04

Cat 3—7
9
12
N

0.11
0.64
0.24
0.01

Est 8—4
4.5
5
6

0.50
0.49
0.01
0.01

Est 8—4
4.5
5
6
N

0.49
0.49
0.02
0.01
0.01

Glu 1—1
2
3
6
7
9
10
N

0.01
0.20
0.06
0.05
0.61
0.01
0.01
0.08

Glu 1—1
2
3
6
7
8
10
N

0.01
0.18
0.08
0.02
0.44
0.01
0.01
0.26

Got 1—4
6

0.97
0.03

Got 1—4
6
N

0.98
0.02
0.01

Got 2—2
4

0.11
0.89

Got 2—2
4
N

0.13
0.87
0.01

Got 3—4 1.00 Got 3—4 1.00

Idh 1—4
6

0.99
0.01

Idh 1—4
6
N

0.98
0.01
0.01

Idh 2—4
6

0.64
0.36

Idh 2—4
6

0.44
0.56

Mdh 1—1
6
10.5

0.03
0.91
0.06

Mdh 1—1
6
10.5

0.05
0.94
0.01

Mdh 2—3
3.5
4.5
6

0.21
0.03
0.01
0.76

Mdh 2—3
3.5
4.5
6

0.16
0.02
0.01
0.82

Mdh 3—16
18

0.99
0.01

Mdh 3—16
18

0.99
0.01

Mdh 4—12 1.00 Mdh 4—12 1.00

Mdh 5—12
15

0.80
0.20

Mdh 5—12
15

0.92
0.08

Pgm 1—9 1.00 Pgm 1—9
16

0.99
0.01

Pgm 2—2
3
4

0.02
0.07
0.91

Pgm 2—2
3
4

0.09
0.05
0.86

Pgd 1—2
2.8
3.8

0.23
0.03
0.74

Pgd 1—2
3.8

0.46
0.54
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Pgd 2—2
2.8
5

0.01
0.01
1.00

Pgd 2—2
2.8
5
10
N

0.01
0.01
0.98
0.01
0.01

Phi 1—3
4
5

0.01
0.97
0.03

Phi 1—3
4
5

0.01
0.96
0.03

The average heterozygosity of loci in Portuguese populations varied be-
tween 0.129 and 0.269, and in French populations between 0.098 and 0.223.
The results of the analyses indicate that the Portuguese populations had more
polymorphic and more heterozygous loci than French populations (Tab. 4).

Tab. 4 — Polymorphism of loci and heterozygosity in Portuguese and French populations

Population

Mean proportion
of loci

polymorphism
(%)

Hetero-
zygosity Population

Mean proportion
of loci

polymorphism
(%)

Hetero-
zygosity

Portugal

1. 60 0.186 26 60 0.238

2. 50 0.173 27 65 0.246

3. 40 0.129 28 65 0.262

4. 65 0.207 29 65 0.245

5. 65 0.230 30 70 0.239

6. 70 0.225 31 60 0.216

7. 60 0.214 32 70 0.210

8. 70 0.227 33 60 0.195

9. 80 0.241 34 60 0.228

10. 70 0.267 35 55 0.217

11. 60 0.185 36 65 0.229

12. 55 0.231 37 70 0.203

13. 55 0.201 38 60 0.219

14. 60 0.218 39 80 0.234

15. 60 0.209 40 60 0.214

16. 65 0.221 41 55 0.236

17. 60 0.197 42 55 0.225

18. 70 0.222 43 55 0.238

19. 65 0.244 44 60 0.205

20. 65 0.199 45 65 0.228

21. 65 0.214 46 50 0.197

22. 65 0.261 47 65 0.241

23. 70 0.247 48 55 0.195

24. 60 0.223 49 60 0.176

25. 70 0.269 50 75 0.245
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France

1. 45 0.137 11 55 0.201

2. 60 0.200 12 30 0.128

3. 50 0.150 13 55 0.190

4. 60 0.214 14 65 0.180

5. 60 0.211 15 50 0.158

6. 55 0.223 16 50 0.208

7. 60 0.184 17 60 0.134

8. 55 0.195 18 75 0.145

9. 55 0.208 19 35 0.098

10. 45 0.171 20 60 0.208

The significance of inter-genetic variability between populations and link
between their structure and geographical location are very important in breed-
ing programs and usage of germplasma collections by breeders (S a l a n o u -
b a t , P e r n e s , 1986).

Genetic diversity of corn breeding material and its combining ability can
be determined on the basis of several markers such as: morphological, isoenzy-
mic, components of storage proteins, DNA fragments (S m i t h and S m i t h ,
1989). Their different possibilities and need for applying different methods
were also determined. Advantage of RFLP markers over testing in the field
and isozymes come from their greater efficiency and more complete genome
coverage. They are better in determining the complete variability identification
and diversity of genotypes.

CONCLUSION

— Isozymes as genetic markers are products of genes and as such serve
for assessment of starting breeding material i.e. populations which serve as
„gene-banks" in the breeding hybrid process.

— Genetic and molecular markers can serve to point out the degree of
variability and diversity of breeding material. Creation of hybrids depends on
choice of breeding material.

— Yugoslav corn collections had shown on the basis of polymorphism
of analyzed loci fairly high heterozygosity. Genetically very similar, but also
very distant populations were found.

— Identification of Italian populations was based mainly on alleles simi-
lar to Yugoslav, with the difference concerning the variability level inside
them, and genetic diversity of Italian populations was more pronounced on the
basis of certain loci (Phi1, Adh1).

— The Portuguese populations were generally found to contain the same
common alleles, but some new, rare alleles were also found.

— Compared to the French populations, the Portuguese populations were
more variable, but also more closely related.
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A relatively low variability and an increased diversity in the French pop-
ulations are possible due to an increased number of homozygous loci; even
those loci which are usually polymorphic in open pollinated populations were
homozygous in the French material.
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GENETSKA VARIJABILNOST I DIVERGENTNOST SELEKCIONOG
MATERIJALA KUKURUZA KOJI POTIÅE OD DOMAÃIH

I STRANIH POPULACIJA, DETERMINISANA NA BAZI
BIOHEMIJSKO-GENETSKIH MARKERA
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Rezime

Izoenzimi se koriste kao genetski markeri, a wihov broj treba da bude
dovoqno velik da bi pokrivenost genoma bila što veãa i kao takvi su markeri
gena za traÿena agronomska svojstva. Upotrebqeni markeri su proizvodi 21 ma-
piranog gena, što predstavqa relativno pouzdan broj za tumaåewe genetske
osnove odreðenih osobina genotipa. Genetska varijabilnost i divergentnost su
znaåajne za populacije i samooplodne linije, kao osnovni materijal u selekci-
ji i stvarawu novih hibrida kukuruza. Iz tog razloga analizirano je nekoliko
grupa populacija kukuruza razliåitog porekla. Dve grupe jugoslovenskih popula-
cija, italijanska, portugalska i francuska kolekcija bile su ocewene na osno-
vu alelne varijabilnosti za 21 lokus i standardne genetske udaqenosti unutar
svake populacije. Jugoslovenske kolekcije kukuruza su pokazale visoku heteroge-
nost na bazi izoenzima kao gen. markera. Genetska divergentnost italijanske
kolekcije je naglašena na bazi nekih lokusa, a portugalska je imala više poli-
morfnih i heterozigotnih lokusa od francuske kolekcije, što znaåi veãi po-
tencijal genetske varijabilnosti. Inter-genetska varijabilnost izmeðu popula-
cija i wihove geografske lokacije veoma su znaåajan uslov u selekciji biqnih
vrsta i wihov heterozis.
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IDENTIFICATION OF GENETIC CHARACTERISTICS
OF MAIZE (Zea mays L.) USING GENETIC MARKERS

ABSTRACT: Different genetic markers are used for estimation of breeding material,
its characteristics and potential for ultimate aim — heterosis of hybrids. They also point out
to the qualitative seed traits at the level of linkage with genes responsible for desirable ag-
ronomic traits. This program encompasses testing methodologies for the new seed technol-
ogy. Genetic analysis of breeding material during certain phases is comprised of isozymic
gene expression and degrees of their variability, but it is continued (in order to be evalua-
ted) until determination of presence or absence of some genes, existing or introduced for
certain traits. Using combination of different molecular methods such as PCR, RAPD, and
AFLP based on polymorphism of DNA fragments, the definite aim — identification of
newly created products of improvement is achieved. Testing of traits of breeding material,
its genetic variability and diversity is the first stage in analysis of the maize genome. It is
also the condition for determination of presence of certain genes, used for obtaining the ulti-
mate aim — attest of identity of the genotype.

KEY WORDS: Maize (Zea mays L.), biochemical-molecular markers, isozymes, PCR,
RAPD, SSR, AFLP, RFLP, heterosis.

INTRODUCTION

Genetic identification of corn is necessary in the process of improvement
as well as in the estimation of its quality. The source breeding material (Ge-
ne-pool), and generations included in the improvement program (self-pollina-
tion, and development of homozygous lines), and finding of parent compo-
nents and their crossing must be included in the above mentioned. The result
of these processes of maize improvement is the final product with certain ag-
ronomic traits, which genetic characteristics should be identified.

Biochemical investigations are included in the improvement program and
analysis of qualitative seed traits. The biochemical-molecular markers are
isozymes, expression of genes, and DNA sequences leading to complete geno-
me coverage giving the genetic basis of quantitative and qualitative traits of
breeding products. The introduction of the necessary methods on which deter-
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mination of genetic diversity and relationship between European maize inbreds
are given in the results of H a h n et al. (1995), where lines were of different
origin, tested by ranging of methods starting from isozymes, via molecular
methods with polymerase chain reaction (PCR) of DNA as a basis. Identifica-
tion of QTLS using molecular markers has a key approach for interpretation of
genetic basis of these traits, and their improvement (S t u b e r et al., 1992).
The chromosome location of 76 isozymes and RFLP markers linked with
QTLS for grain yield was shown. The development of maize inbred lines and
their origin can be interpreted using molecular markers and these results can
be used for fundamental and applied studying of maize (L e e , 1994). De-
scription of inbred lines is given on the basis molecular polymorphism of the
nuclear genome of maize, including several methods, ranging from cytology,
via components of storage and functional proteins-enzymes, to basic molecular
methods (PCR) and those leaning on the PCR.

Some of the physiologically different quantitative traits concerning maize
development and its yield are mapped using molecular markers. So, the puta-
tive associations of developmental genes generally coincide with the location
of homeotic genes (K h a v k i n and C o e , 1997). Drought-stressed maize
plants are tested using genetic map with different RFLP loci, on the level of
leaf abscisic acid (ABA) concentration in maize (T u b e r o s a et al., 1998).

Biotechnology of corn includes biochemical-genetic-molecular markers at
the level of protein, RNA, and DNA respectively. They are used for gene
mapping for desired traits, and the ultimate goal is genetic identification of ge-
notype being tested and developed using method of breeding.

Maize is an excellent representative of open-pollinated plant species with
present polymorphism of enzyme systems, allelic variability of isoenzymic lo-
ci, which is the crucial parametar in identification of material in the final stage
of plant improvement process. Applicative side of genetics comprises new tec-
hnologies in plant breeding with genetic engineering included. The food pro-
duction is primary goal besides improvement of maize plant production, devel-
opment and usage of genetic potential. New biotechnology methods make pos-
sible to develop the plant genotypes with new traits at the level of recombi-
nant DNA.

Usage of molecular markers is being introduced into a basis of genetic
researches by which all components of breeding are connected and have a key
role in genetic, biochemical, physiological, and molecular basis of heterosis
( S m i t h and B e a v i s , 1996).

The aim of this review is to give the pathway of using biochemical-mole-
cular markers in genetic identification of breeding products.

MATERIAL AND METHODS

Maize, as an open-pollinated plant species plays special role at biotechno-
logical and molecular level in determining the linkage genes for all physiologi-
cal-genetic important agronomic traits. Biochemical-molecular markers based
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on protein polymorphism, fragments of RNA and DNA have the advantage in
determining this relationship.

PCR — based DNA markers are:

Random Amplified Polymorphic DNA (RAPDS)
Simple Sequence Repeat (SSR) or Microsatellite
Amplified Fragment Length Polymorphism (AFLP)

Various methods are used to characterize plant varieties, lines and their
hybrids, they include pedigree, agro-morphological and cytogenetic data, cal-
culations of genetic distance, which is the condition for heterosis. Recent mo-
lecular technologies provide a tool for „fingerprinting" germplasm. These data
may be required to provide sufficient information for the classification of pop-
ulations or groups of lines in order to study genetic structure and genetic di-
versity of genotypes.

Fingerprinting of genotypes is particularly applied especially in the case
of crops, such as maize in which hybrid breeding is a lucrative business. It co-
uld provide ways of estimating genetic distances between lines, and so genetic
diversity existing within and between breeding populations and lines. In the
case of maize, fingerprinting profiles may determine the heterosigosty between
lines in the process of improvement and their crossing, which is at the same ti-
me the information concerning their genetic background.

RESULTS AND DISCUSSION

Genetic markers, isoenzymes, are components of protein, which are gene
expression, and sequences of RNA and DNA can be used as a molecular mar-
kers. The complete coverage of genome is achieved by combination of these
methods making real identification of the observed genotype possible. Compo-
nents of storage and functional proteins are direct gene products freed from
environmental factors, and as markers participate in genetic estimation of bree-
ding and seed material (Z l o k o l i c a et al., 1996). Biochemical and molecu-
lar markers are involved in pedigree data as a valuable source of information
about genetic relationships among maize inbreds, which are at the base of cer-
tain isoenzymes, such as the genetic variability of lines, originating from do-
mestic populations, and their hybrids (Fig. 1, Tab. 1). Allelic variability of ge-
nes was used for identification of genetic distance and cluster analysis. Corn
inbred lines (78) originating from domestic populations are very different. Ge-
netic distances range from very small to very big, and according to them the
observed lines are grouped i.e. separated. Mapped protein loci were unevenly
and insufficiently distributed in all plant species, so the genome coverage was
not complete. They should be accompanied by techniques at DNA level, such
as PCR, RAPD, SSR, RFLP, and by some others which are complementary.
Their combinations are given full taxonomic, genetic, and physiologic infor-
mation of genotypes.
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Tab. 1. — Enzyme systems used to characterize maize hybrids

Enzyme system Locus Chromosomal location

Aconitase Aco 1 4

Acidphosphatase Acp 1 9L

Alcohol dehydrogenase Adh 1 1L

Arginine aminopeptidase Amp 1 1

Diaphorase-glucosidase Dia 1 2

Diaphorase-glucosidase Dia 1 4

Glutamate oxalacvetate transaminase Got 1 3L

Glutamate oxaloac trans. Got 1 5L

Hexokinase Hex 2 6L

Isocitrate dehydrogenase Idh 1 8L

Isocitrate dehydrogenase Idh 2 6L

Malatedehydrogenase Mdh 1 8L

Malatedehydrogenase Mdh 2 6L

Malatedehydrogenase Mdh 3 3L

Malatedehydrogenase Mdh 5 5S

Glucosidase Glu 1 10L

Phosphoglucomutase Pgm 1 1L

Phosphoglucomutase Pgm 2 5S

6-posphogluconate dehydrogenase Pgd 1 6L

6-phosphogluconate dehydrogenase Pgd 2 3L

Phosphohexose isomerase Phi 1 1L

The polymerase chain reaction (PCR) is one of the basic methods of mo-
lecular markers such as RAPD, SSR, AFLP, RFLP. PCR includes extraction,
sequencing, and separation of amplified DNA fragments, and is related to usa-
ge of randomly selected, or specific oligo-nucleotides (primers), used for de-
tection of variability of DNA fragments and their amplification. Maize seed
was analyzed on the basis of 3 random primers A, B, C and one specific 35S
primer (D), of which different amplification of DNA fragments between geno-
type groups, but not between analyzed genotypes for individual primers was
achieved (Fig. 2). The identification of species can be initiated by PCR met-
hod which is the basis for new molecular markers such as SSR (Simple se-
quence report), AFLP (Amplified fragment length polymorphism), and indi-
rectly for RFLP (Restriction fragment length polymorphism) used for marking
most of the desirable genes for monogene and polygene traits such as quality,
quantity, resistance etc.

Genetic distances between genotypes are highly correlated with the dis-
tances based on known pedigrees, and the distances based on isozymes and
RFLP are also highly correlated with coefficient of parentage and with the dis-
tances between inbred lines. Genetic similarity among hybrids is related by pe-
digree (S m i t h and S m i t h , 1992).
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Fig. 1. — Cluster analysis of corn inbred lines (78) originating from domestic populations



Simple sequence repeats (SSRS), microsatellites are highly polymorphic
markers and due to that are highly informative in plants. Their methodology
approach is based on PCR, and they are codominant inherited. They are consi-
sted of tandem repeated DNA sequences with the core sequence of 2—5 bp in
eucaryotes genome, where they are uniformly distributed within genome (A k -
k a y a et al. 1995, R o n g w e n et al. 1995). SSRs can show the difference
between close relatives and they useful in determination of breeding material
( M u d g e et al., 1997). These markers have some advances such as large
polymorphism, they are codominant, and fast accorging to PCR reaction, and
equally distributed along the genome.

Combination of different molecular markers (isozymes, RFLP, SSR) is
the best way to mark a trait of genotype, and they can be used for QTLs de-
tection in segregating maize populations, derived from exotic germplasm (K o -
z u m p l i k et al. 1996).
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Fig. 2. — RAPD polymorphisms derived from whole corn seed using three random
primers 1 (A), 3 (B) and 15 (C) as well as one specific primer for 35S promoter (D).

From left to wright: 1—178 genotype, 2—182 genotype, 3—186 genotype
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Fig. 3. — Cluster analysis of maize inbred lines in studying heterosis on the basis of AFLP



AFLP markers play significant role in the program of plant improvement
and approval of the results. AFLP is based on selective amplification of re-
striction fragments from total genome DNA. Due to its technique of perfor-
mance, AFLP technology is very efficient, the most reproductive, and it is the
fastest way of maximum mapping of genes responsible for a series of desira-
ble traits. According to many authors it is the ideal method for determination
of identity of species. On the basis of electrophoresis — separation of DNA
fragments, the differences between AFLP profiles are great, noticeable as pres-
ence or absence of fragments. These differences are inherited and thus mark-
ing the potential value of material being analyzed. On the basis of these mark-
ers obtained polymorphism is very high, being the most important trait in ge-
notype identification, and in determination of diversity between second group
of inbred lines, which is the basic condition for hybrid heterosis (fig. 3). Poly-
morphism of DNA fragments has the advantage in marking of polygene traits
controlled by 20—100 loci. They are used for identification of individuals, po-
pulations, inbred lines, and hybrids, making the description of the species at
the molecular level and its protection possible.

Restriction fragment length polymorphism (RFLP) analysis requires high
level of DNA quality and quantity. These markers are based on variation of
genome DNA sequence. Unique sequences of DNA are cloned from the nucle-
ar genome to detect homologous sequences in plant DNA. Alleles are identi-
fied by differences in the size of the restriction fragments to which the probes
hybridize.

Comparison of RAPD and RFLP marker-system for mapping F2 genera-
tion in maize was used (B e a u m o n t et al., 1996). Higher possibility (80%)
of RFLP marker in relation to RAPD (between 37% and 59%) was achieved.
However it was pointed out to great advantage of using combination of these
markers for construction of genetic linkage map.

PCR technique is in the basis of a great number of methods used as mar-
kers in detection of plant variability. It is used for identification of germplasm
in plant breeding. This marker technology must be synchronized between labo-
ratories (J o n e s et al., 1997). Standardization must be directed toward repro-
ducibility of the results. The reproducibility of three popular molecular marker
techniques (RAPD, AFLP, and SSR) was tested in this way in several Euro-
pean laboratories. Different results obtained in the compared laboratories, for
example RAPD markers proved difficult to reproduce, AFLPS proved easy to
reproduce, and SSR alleles were amplified by all laboratories, with differences
determined.

The results of heterosis are followed by biochemical data related to
isozyme variability, but the large number of restriction fragment length poly-
morphisms, has allowed the development of linkage maps, with high degree of
resolution useful in locating and manipulating of quantitative trait loci (QTLs),
according to T s a f t a r i s (1995).
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CONCLUSION

— Markers can be introduced for testing agronomic traits at the morpho-
logic, biochemical and molecular level.

— Biochemical — molecular markers must be polymorphic in order to
be used for linkage of qualitative and quantitative genes, and they must cover
the genome, or the segments of interest.

— Genetic maps in plants are obtained using different DNA markers
such as: RAPD, SSR, and RFLP.

— AFLP markers have the best possibilities. They are very efficient and
reproducible, and they provide genetic maps 10—100 times denser.
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IDENTIFIKACIJA GENETSKIH OSOBINA KUKURUZA
(Zea mays L.) KORIŠÃEWEM GENETSKIH MARKERA
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Zorica T. Nikoliã, Vladislava O. Galoviã

Nauåni institut za ratarstvo i povrtarstvo,
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Rezime

Razliåiti genetski markeri se koriste za tumaåewe selekcionog materija-
la, wegovih osobina i osnove za krajwi ciq — heterozis hibrida. Oni su tako-
ðe pokazateqi kvaliteta semena na nivou vezanih gena za odreðena, traÿena
agronomska svojstva. Ovaj program ukquåuje nove metodologije za testirawe se-
lekcionog i semenskog materijala. Genetske analize biqaka u fazama opleme-
wivawa obuhvataju izoenzimsku ekspresiju gena, i stepen wihove varijabilno-
sti, koja se nastavqa do determinacije prisustva ili odsustva gena, odgovornih
za odreðena svojstva. Primewuje se kombinacija razliåitih genetsko-moleku-
larnih metoda, kao što su izoenzimi, PCR, RAPD, AFLP, RFLP, bazirani na
polimorfizmu proteina i sekvenci DNK, åiji je krajwi ciq identifikacija
novostvorenih genotipova i wihovo unapreðewe. Utvrðivawe osobina selek-
cionog materijala, wegove genetske varijabilnosti i divergentnosti je prva
faza u spoznaji genoma kukuruza. To je takoðe uslov za determinaciju prisustva
odreðenih gena, potrebnu za postizawe završne faze, potvrde o identitetu ge-
notipa.
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BACTERIAL AND MYCOTIC FLORA
OF THE ORAL CAVITY IN PATIENTS USING

A POSTRESECTION PROSTHESIS

ABSTRACT: The surgeries in the middle third of the face that distort the anatomic
and topographic integrity of the oral cavity, the nose and the sinuses, besides functional da-
mage to these regions, also induce changes in their microfloras of diverse hypothetical com-
binations. This was the reason to start an investigation on the qualitative and quantitative
structure of the microfloras of these regions and their changes. The investigation included
35 patients using a postresection prosthesis. The material for bacteriologic and microbiolo-
gic analyses was obtained by single swab sampling from six different localizations, cultured
on the blood, TKV, ECV, TYC.S, SABOURAND and ENDO agar over 24—48 hours, in
aerobic and anaerobic conditions. Species belonging to the pyogenic cocci family, entero-
bacteria, oral streptococci and fungal microflora were detected in both the oral and the po-
stresection cavity. Frequency distribution and Spearman's range correlation coefficient (R =
0.961; SS = 17; 14.280) (p < 0.01) reveal the microfloras of the two cavities were almost
identical regarding the species/families of the isolated microorganisms.

KEY WORDS: oral cavity, microflora, prosthetic rehabilitation, postresection prosthesis

INTRODUCTION

Traumatic or much more often postresection loss of the oral cavity vault
result in an unnatural integration of the oral cavity and the nasal, sinus and up-
per pharyngeal cavities (D i m i t r i j e v i ã , S t e f a n o v i ã , 1992). Gene-
rally, the patients with such acquired deformity are submitted to prosthetic re-
habilitation with a postresection prosthesis. This rehabilitation is aimed at rese-
parating the mentioned cavities, i.e. at restoring the integrity of the oral cavity
(R o d n e y , N i c h o l a s , 1984). However, the separation is functional, re-
sulting from the nature and possibilities of prosthetic reconstruction (A r a -
m a n y , 1987). Peroral food intake and speaking ability are restored, prevent-
ing air circulation through the oral cavity during breathing.
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The microfloras of these regions are apt to changes due primarily to the
fact that the previous condition, in terms of anatomy, has not been restored.
Besides, the microfloras of the mentioned cavities may themselves be altered
due to the applied antibiotic, irradiation or immunosupressive therapy. In addi-
tion to the already mentioned microflora mixing, there are other factors that
probably contribute to the alteration in the types of microorganisms present in
these regions, such as: fixing and removal of the prosthesis, good or poor hy-
giene of both the prosthesis and the oral cavity as well as of the created po-
stresection cavity (D i m i t r i j e v i ã , 1976), air turbulation disorders during
breathing, the saliva break into the postresection cavity, changed physical and
chemical properties (humidity, temperature, ion concentration).

Even today, almost all patients with either a face or jaw damage are con-
sidered (not only by unprofessionals) potentially dangerous for their environ-
ment as a possible source of infection. It has been established that these pati-
ents suffer from fear of being marked and banished from the society (D i m i -
t r i j e v i ã , 1984). That fear is grounded and it can be well documented. Re-
search in this field might have been postponed for so long in order to avoid
raising a „delicate" issue among the professionals, i.e., doctors and their assist-
ing staff.

OBJECTIVE OF THE RESEARCH

The surgeries in the middle third of the face that disturb the anatomic and
topographic integrity of the oral cavity and the nose and sinuses, besides func-
tional damages to these regions, induce changes in their microfloras which
may appear in a number of hypothetical combinations.

The research was therefore aimed at determining the types and quantities
of microorganisms found in these regions and the changes in their microfloras.

MATERIAL AND METHODS

During the first or second week following surgery, the operated patients
were first rehabilitated by an immediate prosthesis, which has been succeeded
by a temporary one and finally by a permanent one.

The same procedure of prosthetic rehabilitation was performed in both
the patients operated for either malignant or benign tumors and the patients
suffering physical injuries.

The research included 35 patients in whom the swab samples of the oral
cavity were taken from certain parts of postresection cavities in direct contact
with the suprastructure of the postresection prosthesis. Swab sampling was al-
so performed from certain parts of supra and infrastructure surfaces of acrylic
postresection prosthesis. None of the patients exhibited a manifest infection. In
each patient the sampling was performed with single swabs from six localiza-
tions:
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swab sample a — from the oral cavity;
swab sample b — from the postresection cavity — the region to the nasal

cavity;
swab sample c — from the postresection cavity the region to the sinus

cavity;
swab sample d1 — from a part of the suprastructure surface of the prost-

hesis to the nasal cavity;
swab sample d2 — from a part of the suprastructure surface of the prost-

hesis to the sinus cavity;
swab sample d3 — from the infrastructure surface of the prosthesis to the

oral cavity.

The obtained material for bacteriologic and microbiologic identification
( B e r g e y , 1991), (H o n e l l , 1990), was then cultivated in the following
culture media for cultivation under anaerobic conditions at 37°C during 48—
72 hours in Gas Pak (CO2+H2) Bio Merieux: blood agar, kanamycin-van-
comycin tripcase (KVT), erythromycin crystal violet agar (CV), TYC-S agar
(TYC-SB agar combination).

The following microflora was isolated on the below-listed culture media,
Tripcasa-blood agar, Sabourand's agar, Endo agar and TYC-S agar.

— Tripcasa-blood agar for cultivating pyogenic cocci and bacteria of
greater nutritional needs:

— Neisseriae
— Staphyl. epidermidis
— Staphyl. aureus
— Staphyl. haemolyticus
— Streptococ. pneumoniae (bstr g2A)
— Streptococ pneumoniae
— Bacteroides
— Leptotrichia

— Sabourand's agar for cultivating fungal microflora:

— Candida albicans
— Saccharomyces

— Endo agar for cultivating Enterobacteriaceae:

— Escherichia coli
— Proteus sp.
— Providencia sp.
— Pseudomonas aeruginosa
— Acinetobacter
— Clebsiella aerobacter

— TYC-S agar for cultivating oral streptococci:

— Streptococcus salivarius
— Streptococcus mutans
— Streptococcus sanguis

59



RESULTS

The results of the investigation revealed at least one fact: the approach to
and comprehension of the processes taking place after a maxillary resection
should be corrected.

The distribution of the frequency of positive microflora findings in the
examined areas is shown in Table 1.

Tab. 1. — Distribution of positive microflora findings in the examined areas

Microflora
Localization

Total
A D3 B D1 C D2

Staphylococcus epidermidis 11 11 9 10 10 9 60

Staphylococcus aureus 15 16 17 13 16 16 93

Staphylococcus haemolyticus 9 10 6 9 9 10 53

Strep. pyogenes (A) 15 9 11 11 9 11 66

Streptococcus pneumoniae 12 10 14 11 9 13 69

Nesseriae 16 7 13 13 15 9 83

Acinetobacter 4 3 1 3 0 1 12

Bacteroides sp. 0 1 0 1 1 0 3

Leptotrichia 1 0 1 0 0 0 2

Candida albicans 21 15 17 19 15 16 103

Sacharomyces sp. 2 2 2 0 4 2 12

Streptococcus salivarus 34 30 26 32 23 25 170

Streptococcus mutans 34 23 25 32 24 27 165

Streptococcus sanguis 34 18 18 24 19 20 133

Escherichia coli 12 7 9 12 9 7 56

Proteus sp. 3 2 2 3 2 2 14

Providencia sp. 3 3 5 1 2 3 17

Klebsiella/Enterobacter 2 2 2 2 2 2 12

Pseudomonas aeruginosa 0 0 1 1 0 0 2

Total 238 169 179 197 169 173 1125

The distribution of the frequency of positive microflora findings in grou-
ped localizations is shown in Table 2.

Tab. 2. — Distribution of positive microflora findings in grouped localizations

Microflora Oral cavity Postresection cavity Total

Staphylococcus epidermidis 22 38 60

Staphylococcus aureus 31 62 93

Staphylococcus haemolyticus 19 34 53

Strep. pyogenes (A) 24 42 66

Streptococcus pneumoniae 22 47 69

Nesseriae 33 50 83
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Acinetobacter 7 5 12

Bacteroides sp. 1 2 3

Leptotrichia 1 1 2

Candida albicans 36 67 103

Sacharomyces sp. 4 8 12

Streptococcus salivarus 64 106 170

Streptococcus mutans 57 108 165

Streptococcus sanguis 52 81 113

Escherichia coli 19 37 56

Proteus sp. 5 9 14

Providencia sp. 6 11 17

Klebsiella/Enterobacter 4 8 12

Pseudomonas aeruginosa 0 2 2

Total 407 718 1125

The frequency distribution of the listed microflora in the oral and postre-
section cavity of the examined series can be graphically presented as below.

It can be noticed from the diagram that both curves were slightly positi-
vely asymmetric since the mean frequency value was higher than the medial
one, for the first curve corresponding to the oral cavity 21.4 > 20.5 and for the
second curve corresponding to the postresection cavity 37.8 > 37. Standard de-
viations were exceptionally high — 19.31 for the oral cavity and 33.62 for the
resection cavity. Further this results in high variation coefficients — 90.2% for
the oral cavity and 88.9% for the resection cavity. The last coefficients signify
that an inhomogenous sample is involved. The coefficients β1(1) = 0.621 < 1,
β(2)1 = 0.502 < 1 and β1(2) = 2.554 < 3, β2(2) = 2.554 < 3 signify a positive
asymmetry and flattening of the curves.

Derived from Table 2. Table 3 presents quantitatively different findings
that range from 0.7% to 91.4%.
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Tab. 3. — Quantitatively different findings ranging from 0.7% to 91.4%

Microflora
Oral cavity Postresection cavity Total

% % %

Staphylococcus epidermidis 31.43 27.14 28.57

Staphylococcus aureus 44.29 44.29 44.29

Staphylococcus haemolyticus 27.14 24.29 25.24

Strep. pyogenes (A) 34.29 30.00 31.43

Streptococcus pneumoniae 31.43 33.57 32.86

Nesseriae 47.14 35.71 39.52

Acinetobacter 10.00 3.57 5.71

Bacteroides sp. 1.43 1.43 1.43

Leptotrichia 1.43 0.71 0.95

Candida albicans 51.43 47.86 49.05

Sacharomyces sp. 5.71 5.71 5.71

Streptococcus salivarus 91.43 75.71 80.95

Streptococcus mutans 81.43 77.14 78.57

Streptococcus sanguis 74.29 57.86 63.33

Escherichia coli 27.14 26.43 26.67

Proteus sp. 7.14 6.43 6.67

Providencia sp. 8.57 7.86 8.10

Klebsiella/Enterobacter 5.71 5.71 5.71

Pseudomonas aeruginosa 0.00 1.43 0.95

Total 30.60 26.99 28.20

There were 28.20% of positive findings obtained on the average; if all
examined localizations are taken into account, the oral cavity made 30.60%
and the postresection cavity 26.99%. Regarding the microflora species in the
examined cavities, they were almost identical; the species isolated from one
localization were isolated from the other five localizations. The obtained re-
sults therefore lead to a conclusion that the examined series of patients had an
almost identical microfloras of both the oral and the postresection cavity.

This qualitative and quantitative correlation was confirmed by Spear-
man's coefficient of the range correlation between localities (oral cavity vs.
postresection cavity). The coefficient had the value of R = 0.961. It was a rat-
her high and statistically significant correlation for the number of freedom de-
grees (SS = 17, T = 14.28) and the confidence threshold (p < 0.01). Such a
high correlation signifies that the microflora structure in both the oral and po-
stresection cavity was almost identical in regard to the presence of certain spe-
cies.

DISCUSSION

The starting premise of the investigation that a prosthetic separation of
the involved cavities is physiological but not anatomical has been confirmed
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as true. The prosthesis is not crucial for defining the phenomenon of microflo-
ra alteration (L a i et al., 1981).

The obtained results show that besides the species normally found in the
oral and nasal cavities, the species that are not characteristic for these regions
have also been isolated. Namely, the species belonging to the family of entero-
bacteria (Echerichia coli, Proteus sp., Providencia sp., Klebsiella-Enterobac-
ter, Pseudomonas aeruginosa) have been found to inhabit both the oral and
the postresection cavity. Enterobacteria have the digestive tract for their nor-
mal habitat (particularly its lower regions), but their occasional presence in the
oral cavity need not be alarming either. It is considered transitional — transiti-
onal endogenous flora — and need not result in clinical symptoms of infec-
tion, as it was the case in the series of patients included in this investigation.
However, the possibility that enterobacteria, most often Escherichia coli, are
identified as infection agents in the face and jaw regions is not excluded. But,
as the obtained results show, this family exhibited no special affinity to either
the oral or the postresection cavity. The differences in the microfloras of the
two cavities were quite irrelevant, so the two cavities were considered as one.

The same situation (F a r m e r and K e l l y , 1990) is found when the
presence of certain species from the family of the pyogenic cocci (Staphylo-
coccus epidermidis, Staphylococcus aureus, Staphylococcus haemolyticus, Strep-
tococcus pyogenes (A), Streptococcus pneumoniae, Neisseriae, Acinetobacter)
is considered: they are found to emerge from their ecological „niches" — na-
sal cavity and oropharynx — and evenly colonize both the oral and postresec-
tion cavity, i.e., the parts of infra- and suprastructure of the posresection prost-
hesis. Oral streptococci, being an autochthonous oral population, evenly inha-
bit the mucosa of both the oral and postresection cavity, as well as the infra-
and suprastructure of the postresection prosthesis. This can be explained by
their well-developed survival mechanisms in the oral cavity, which as a bi-
otype, due to its anatomic and physiologic properties, is extremely difficult for
survival in relation to the nasal cavity region.

CONCLUSION

In new anatomic and morphologic circumstances caused by a loss of the
natural partition between the oral and the nasal cavity, there occur certain
changes in their physiologic microfloras despite the presence of a postresection
prosthesis.

Changes in the microfloras of the oral and postresection cavity could be
attributed to mixing of the two regions' microfloras, as well as to their coloni-
zation with the bacteria from other ecological niches of the organism, such as
the respiratory tract and the lower digestive tract regions.

Individual analyses and the analysis of the series showed that the micro-
floras of the oral cavity and of the postresection cavity were almost identical
regarding the presence of the identified species of microorganisms.

Bacteriologic analyses revealed that identical microorganisms inhabited
both the infra- and suprastructural areas of a postresection prosthesis, as well
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as that the microfloras of these areas were almost identical with those of the
complementary epithelialized areas.

The microfloras of both cavities (oral and postresection), as well as of the
infra- and suprastructural areas of postresection prostheses, included the nor-
mal flora microorganisms of the oral/nasal cavity, the physiologic flora micro-
organisms of the surrounding regions — oro- and nasopharynx, as well as the
physiologic flora of the lower digestive tract regions.
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BAKTERIJSKA I GQIVIÅNA FLORA USNE DUPQE KOD KORISNIKA
POSTRESEKCIONIH ZUBNIH PROTEZA
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1 Medicinski fakultet Novi Sad, Klinika za stomatologiju,
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Rezime

Hirurški i traumatski, a mnogo åešãe postresekcioni gubici svoda usne
dupqe, dovode do neprirodnog spajawa usne dupqe sa šupqinama nosa, sinusa i
gorweg sprata ÿdrela. Bolesnici sa ovako steåenim gubicima po pravilu se re-
habilituju protetiåki, postresekcionim protezama. Istraÿivawe je ukquåivalo
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35 pacijenata, korisnika postresekcionih proteza. Materijal za bakteriološku
i mikološku analizu uziman je sa pojedinaånih šest razliåitih lokacija. Za-
sejavan je na kulture krvi, TKV, ECV, TYCS, SABOURAND i ENDO agar u vre-
menskom periodu 24—48 åasova u anaerobnim i aerobnim uslovima. Distribu-
cija frekvenci i Spearman's range correlation coefficient (R = 0,961; SS = 17; T =
14, 28) (p < 0,02) govore nam da je mikroflora izolovanih mikroorganizama
ovih dveju šupqina meðusobno skoro identiåna.
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IDENTIFICATION OF VIRUSES INFECTING PUMPKINS
(Cucurbita pepo L.) IN SERBIA

ABSTRACT: This study was carried out in order to identify the major viruses infect-
ing pumpkins (Cucurbita pepo) grown in Serbia. Leaf samples from virus-infected pumpkin
plants were collected in mid-July 2001. Naked-seeded and hulled oil pumpkins, patty pan,
zucchini and summer squash from three different locations were included (Table 1). Vi-
rus-infected plants showed different symptoms (Table 2 and Figures 1—4). Due to the great
variability of the symptoms, the causal viruses could not be fully and precisely determined
by visual examination only.

The infected samples were tested by the biotest, as well as by two serological meth-
ods, ELISA and EBIA. Polyclonal antibodies raised against cucumber mosaic cucumovi-
rus (CMV), zucchini yellow mosaic potyvirus (ZYMV), watermelon mosaic potyvirus 1
(WMV-1), watermelon mosaic potyvirus 2 (WMV-2) and squash mosaic comovirus (SqMV)
were used. In each of the 50 collected samples one or two viruses were detected (Tables 3
and 4). The most prevalent viruses infecting pumpkins were ZYMV (62%) and CMV
(58%). WMV-2 was extremely rare.

KEY WORDS: Cucurbita pepo, pumpkins, plant viruses, zucchini yellow mosaic
potyvirus, cucumber mosaic cucumovirus, watermelon mosaic potyvirus 1, watermelon mo-
saic potyvirus 2, biotest, ELISA, EBIA

INTRODUCTION

Viruses are the most important pathogenes of cucurbits (cucumber, water-
melon, melon and pumpkins) belonging to the Cucurbitaceae family. More
than 30 infectious viruses causing destructive symptoms and considerable eco-
nomic losses were reported on these plants (Z i t t e r et al., 1996). Their oc-
currence, spreading, intensity of infection and destructiveness depend on com-
plex interrelations between the virus, its host plant, the vectors and the envi-
ronment. It is usually not easy to find appropriate control measures to reduce
the extent of destruction.
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In order to reduce the harmful effect of a viral disease under field condi-
tions, it is necessary to select and apply appropriate control measures. The first
step in this direction is collecting infected plant parts from different locations
and from various host genotypes, followed by the development of reliable
methods of diagnosing.

Very few researches on cucurbit viruses have been carried out in Yugo-
slavia (S t a k i ã and N i k o l i ã , 1966; P e j å i n o v s k i , 1978; T o š i ã
et al., 1996). Recently, a serious virus infection of pumpkin (Cucurbita pepo
L.) has been reported by D u k i ã et al. (2001) for the location of Veliko Se-
lo. The virus was identified as zucchini yellow mosaic potyvirus (ZYMV),
known to be one of the most destructive viruses of pumpkins. Further investi-
gation on virus diseases of pumpkins in Serbia thus became necessary. This
paper, describing some of the results of our project aimed at studying the virus
diseases of pumpkins in Serbia, with special reference to oil pumpkins, is a
part of it.

MATERIAL AND METHODS

Collection of infected plant material

Samples of virus-infected pumpkin plants were collected in mid-July
2001 from naked-seeded and hulled oil pumpkins, patty pan, zucchini and
summer squash, at three different locations (Table 1). The collected plant ma-
terial consisted of young leaves and fruits from individual plants showing dis-
tinct symptoms of virus infection on the leaves, as well as at the level of the
overall appearance of the plant. Each sample represented a single plant. The
plants and their corresponding leaf samples were numbered 1—50 for later
identification.

Tab. 1 — Samples collected from the virus-infected plants of pumpkin (C. pepo) in the field
in 2001

Locality Pumpkin type and cultivar (variety) Designation of sample

Baåki Petrovac
Breeding material of naked-seeded and
hulled oil pumpkin 1—8

Naked-seeded oil pumpkin cv. „Olinka" 9—14

Srbobran Hulled oil pumpkin cv. „Olivija" 15—16

Torda

42—50

Naked-seeded oil pumpkin cv. „Olinka" 17—24

Patty pan cv. „Eva" 25—29

Zucchini cv. „Zita" 30—36

Summer squash cv. „Beogradska" 37—41

Pictures of the sampled plants were taken at the time of collection and
the symptoms were described in written.
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The collected samples were stored at 4°C, until the investigation on the
viral nature of the symptoms and the identification of the viruses by the bio-
test and serological analyses were done.

Biotest

The infectious nature of the disease and the biological characterization of
the isolated viruses were performed by mechanical inoculation. Young leaves
expressing virus symptoms and surface tissues of the warted fruits were homo-
genized in cold 0.01 M phosphate buffer of pH 7.0 at the ratio 1:1. The fol-
lowing test plants were used for virus isolation and determination based on the
provoked symptoms: Chenopodium amaranticolor, C. quinoa, C. foetidum,
Vigna sinensis, Citrullus lanatus cv. „Crimson sweet", Cucumis melo cv.
„Ananas", Cucumis sativus cv. „Pariski kornišon", Cucurbita pepo cv. „Beo-
gradska", Luffa sp., Lagenaria sp., Nicotiana tabacum var. Samsun, N. gluti-
nosa, N. clevelandii and N. benthamiana. The leaves of the test plants were
covered with carborundum powder of 400 mesh, followed by rubbing the plant
sap into the leaves of the test plants. Two plants of each test plant species
were used for mechanical inoculation. The inoculated test plants were kept in
glasshouse conditions and checked for symptom development at two-day inter-
vals, up to one month after inoculation.

Serological analyses

All the collected plant samples were tested for virus identification by
EBIA (Western blot) according to the method described by O ' D o n e l l et
al. (1982) and modified by H e w i s h et al. (1986). The antigens required for
EBIA were prepared from the extract of the collected leaves by the method of
L a e m m l i (1970). Polyclonal antibodies (produced by Bioreba AG, Switzer-
land) raised against cucumber mosaic cucomovirus (CMV), Zucchini yellow
mosaic potyvirus (ZYMV), Watermelon mosaic potyvirus 1 (WMV-1), Water-
melon mosaic potyvirus 2 (WMV-2) and Squash mosaic comovirus (SqMV)
were used at 1:1000 dilution. Goat antirabbit antibodies (produced by Bio-Rad
Lab., Richmond, CA, USA) were diluted 1:2500 in skimmed milk. The occur-
rence of blue-pink color on nitrocellulose membrane was considered as the
sign of positive, and its absence as a negative reaction. The molecular weight
of the protein subunit of the virus was determined by Prestained SDS-PAGE
Standards-Low Range (produced by Bio-Rad Lab., Richmond, CA, USA).

In addition, the samples designated by numbers 2, 6, 10, 14, 16, 20, 27,
31, 32, 36, 38, 41, 45, 46, 48 i 49 were also tested serologically by ELISA
test, using polyclonal antisera produced against the following viruses: CMV,
ZYMV, WMV-1, WMV-2 and SqMV. For the serological evidence of the vi-
ruses the standard direct ELISA (DAS-ELISA), based on the procedure of
C l a r k and A d a m s (1977), was used with commercial kits of specific an-
tibodies and alkaline phosphatase-labelled conjugate γ-globuline (produced by
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Bioreba AG, Switzerland) at 1:1000 dilution in corresponding buffer. Plant ex-
tracts for ELISA analysis were ground in the extraction buffer at 1:4 ratio. The
reaction was considered positive if the absorption of light at 405 nm was at le-
ast twice as high compared with the absorption of the corresponding control.

RESULTS

Symptoms on infected plants under field conditions

Visual inspection of the infected plants revealed various symptoms rang-
ing from mild mosaic, yellowing, spotting and mottling to deformation of leaf
lamina. The observed symptoms were classified into 11 symptom categories
(Table 2). In many cases simultaneous occurrence of different symptoms was
observed on the same plant. Some plants showed virus symptoms only on so-
me of their stems, or on young leaves only. The most frequent symptoms were
the deformation of leaf lamina, yellow-green mosaic of different intensity and
blistering of leaf lamina.

Tab. 2 — Categories of symptoms on infected plants in the field

Symptoms category Description of the symptoms

1 mild mosaic

2 yellow-green mosaic

3 yellowing of leaves

4 chlorotic spotting

5 chlorotic mottling

6 netlike mosaic

7 green veinbanding

8 blistering of leaf lamina

9 deformation of leaf lamina

10 plant stunting

11 knobbed fruits

Results of biotest

Based on the reaction of test plant species provoked by the isolated viru-
ses, it could be concluded that the tested plant material was infected by
ZYMV, CMV and WMV-2 (Table 3).
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Tab. 3 — Reaction of test plants to mechanical inoculation with ZYMV, CMV and WMV-2

Test plant species

Symptoms*

ZYMV CMV WMV-2

local systemic local systemic local systemic

Chenopodium amaranticolor LLc — LLn — LLn —

Chenopodium quinoa LLc — LLn — LLc M, D

Chenopodium foetidum — — LLn M — —

Vigna sinensis — — LLc — — —

Citrullus lanatus cv. C r i m s o n s w e e t — M LLc M — M

Cucumis melo cv. A n a n a s — M, D — M, D — M, D

Cucumis sativus cv. P a r i s k i
k o r n i š o n — M — M — M

Cucurbita pepo cv. B e o g r a d s k a — M, D — M, D r, LLc M, D

Luffa sp. — — — M — —

Lagenaria sp. — M — M — M

Nicotiana tabacum var. S a m s u n — — — M — —

Nicotiana glutinosa — — — M — —

Nicotiana benthamiana — — — — — —

Nicotiana clevelandii — — — M — —

* —: no symptoms
LLc: chlorotic local lesions
LLn: necrotic local lesions
M: mosaic
D: deformation of leaves
r: infrequent appearance of lesions

All isolates of each of the investigated viruses had the same host range
and caused the same type of symptoms on them. Local symptoms typically ap-
peared about 5—7 days after inoculation, except for local chlorotic spots cau-
sed by the isolates of ZYMV on C. quinoa and C. amaranticolor, which appe-
ared considerably later, 10 days after inoculation.

Some of the test plants exhibited rather characteristic types of reaction
that could be useful for identification and differentiation of mechanically trans-
missible viruses of pumpkins. CMV caused systemic mosaic symptoms on the
plants of the genus Nicotiana sp., except for N. benthamiana, as opposed to
ZYMV and WMV-2, which were not infectious for this genus. Of the three vi-
ruses identified, only CMV was infectious for Vigna sinensis, causing local
chlorotic spots, as well as for C. foetidum on which local necrotic spots could
be observed along with systemic infection. On C. quinoa, CMV caused local
spots that changed to necrosis rapidly, in a few days. Contrary to the other
two viruses, CMV induced systemic infection on Luffa sp. expressed as mosa-
ic with ringlike patterns. Of the three viruses studied, only CMV caused mosa-
ic combined with large local chlorotic spots on watermelon. ZYMV and
WMV-2 showed the identical host range, but could be differentiated from each
other by the reaction on C. quinoa and C. amaranticolor. On C. quinoa,
WMV-2 caused local chlorotic spots and easily distinguishable mosaic combi-
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ned with slight deformation of the leaf lamina. At the same time WMV-2 cau-
sed local chlorotic spots on C. amaranticolor which turned to necrosis after a
few days, contrary to ZYMV which provoked chlorotic spots that remained
chlorotic till the full collapse of the leaf.

The presence of infection caused by a single virus or by different combi-
nations of the three viruses was indicated by the occurrence of characteristic
symptoms on the test plants. Infection caused by a single virus was registered
in 34 samples (68% of the total sample number), a combined infection by two
viruses was determined in 16 samples (32%). ZYMV was determined in 31
samples (62%), out of which 16 samples (32%) were single infections, 14
samples (28%) showed a mixed infection by ZYMV and CMV, and one sam-
ple (2%) showed a mixed infection by ZYMV and WMV-2. CMV was detec-
ted in 29 samples (58%), out of which 14 samples (28%) showed single, and
15 samples (30%) mixed infection. As far as the combined infections of CMV
were concerned, CMV was found in combination with WMV-2 in only 1 sam-
ple (2%). WMV-2 was detected in only 6 samples (12%), 4 samples (8%) be-
ing single infections. None of the samples were simultaneously infected by all
three viruses.

Results of serological analysis

The results of the serological tests were in accordance with the biotest re-
sults. Table 4 presents the combined results of the biotest, EBIA and ELISA.

Using the EBIA method and polyclonal antibodies, it was possible to
confirm the presence of ZYMV and WMV-2 in the same samples in which
they were detected by the biotest. By comparing with the markers of known
molecular weight, the molecular weight of protein subunits of these two viru-
ses was estimated at 35 000, which is in accordance with the results of P u r -
c i f u l l et al. (1984). It could be observed in Table 4 that antibodies specific
for CMV caused a positive reaction only in samples 18, 30, 33, 34, 41 and 42,
in which this virus was isolated from test plants also detected by using the bi-
otest. It was demonstrated by very pale-colored strips on nitrocellulose paper.

All 16 samples tested by the ELISA showed specific reaction with homo-
logous, and absence of positive reaction with heterologous antisera. The pres-
ence of viruses in the samples was therefore reliably confirmed, regardless of
the infection being single or mixed.

When polyclonal antibodies specific to WMV-1 and SqMV were applied,
no positive serological reactions were observed either by the EBIA or the ELI-
SA test.

Relationships between the isolated and identified viruses on one side and
the symptom types exhibited in the field on the other are shown in Table 4.
ZYMV was isolated from samples with all symptom types, but CMV showed
only 9 out of the 11. From infected plant parts showing symptom type 1, 5
and 8, ZYMV or CMV or WMV-2 were isolated alone, but in some cases also
complexes of CMV with WMV-2 were determined. Complexes of ZYMV and
CMV resulted in symptom types 8 or 5.
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Tab. 4 — Viruses identified and their symptom categories on infected plants in the field

Sample Virus identified* Symptoms category**

1 CMV1 4

2 CMV1, 3 2, 9

3 CMV1 1, 9

4 CMV1 1, 8

5 CMV1 2, 8

6 CMV1, 3 3, 4, 7, 8

7 WMV-21, 2 1

8 CMV1 3, 8

9 WMV-21, 2 1, 8

10 CMV1, 3, WMV-21, 2, 3 1, 8

11 WMV-21, 2 1

12 CMV1 2

13 CMV1 1

14 CMV1, 3 2, 8, 9

15 ZYMV1, 2 4, 8

16 CMV1, 3 4, 8

17 ZYMV1, 2 1, 2, 3

18 CMV1, 2, ZYMV1, 2 2, 8

19 ZYMV1, 2 3, 7

20 ZYMV1, 2, 3 3, 9

21 WMV-21, 2 5

22 ZYMV1, 2 11

23 ZYMV1, 2 1, 9

24 ZYMV1, 2 1, 9

25 ZYMV1, 2 1, 7

26 ZYMV1, 2 1, 3, 7

27 CMV1, 3, ZYMV1, 2, 3 2, 8, 9, 11

28 ZYMV1, 2 2, 5, 10

29 CMV1 9, 10

30 CMV1, 2, ZYMV1, 2 2, 9

31 WMV-21, 2, 3 ZYMV1, 2, 3 2, 9

32 ZYMV1, 2, 3 2, 9

33 CMV1, 2, ZYMV1, 2 3, 9

34 CMV1, 2 5, 9

35 CMV1, ZYMV1, 2 5, 9

36 CMV1, 3, ZYMV1, 2, 3 9, 10

37 CMV1 5, 7

38 CMV1, 3, ZYMV1, 2, 3 3, 7

39 ZYMV1, 2 5, 7

40 ZYMV1, 2 6, 7

41 CMV1, 2, 3, ZYMV1, 2, 3 5, 6, 7

73



Sample Virus identified* Symptoms category**

42 CMV1, 2, ZYMV1, 2 3, 5

43 CMV1, ZYMV1, 2 3, 6, 7

44 CMV1, ZYMV1, 2 3, 7

45 CMV1, 3, ZYMV1, 2, 3 2, 8

46 CMV1, 3, ZYMV1, 2, 3 2, 8, 9

47 CMV1, ZYMV1, 2 3, 7

48 ZYMV1, 2, 3 2, 8, 9

49 ZYMV1, 2, 3 1, 3

50 ZYMV1, 2 2, 8, 9

* Virus identification by 1: biotest, 2: EBIA, 3: ELISA
** Designation for symptom categories from Table 2.

DISCUSSION

Members of the Cucurbitaceae family are highly sensitive to virus infec-
tion. They are infected by more than 30 viruses, the most important being: Cu-
cumber mosaic cucumovirus (CMV), Watermelon mosaic potyvirus 2 (WMV-
-2), Zucchini yellow mosaic potyvirus (ZYMV), Watermelon mosaic potyvirus
1 (WMV-1, earlier: Papaya ringspot virus, PRSV) and Squash mosaic comovi-
rus (SqMV) (Z i t t e r et al., 1996).

The investigation reported in this paper confirms the presence of ZYMV,
CMV and WMV-2 in our country. These viruses had been described previo-
usly in other locations (D u k i ã et al., 2001). ZYMV and CMV could be con-
sidered as widespread. The most frequent virus, ZYMV, was present in 62%
of samples. This virus occurred in a large number of samples (30%) in combi-
nation with CMV. Compared with the other two viruses, WMV-2 was detected
only sporadically.

The symptoms caused by these three viruses in different pumpkin types
and cultivars were various. It was not possible to establish a correlation be-
tween the type of symptom and the virus, which was an indication that field
symptoms cannot be used as reliable indicators, even in the case when infec-
tion is caused by a single virus.

Having on mind that the investigations of cucurbit viruses in Serbia have
started recently (D u k i ã et al., 2001), it was necessary in this investigation to
study not only the occurrence of viruses in different locations but also some
biological characteristics of the isolated viruses. The gathered results should
facilitate further diagnosing and monitoring of the viruses of the cucurbits.

Based on the species of host plants and characteristic symptoms it is pos-
sible to make a biological characterization of mechanically transmissible viru-
ses of cucurbits. CMV is easiest to prove and differentiate from other viruses,
based on its specific reactions on the plants of Nicotiana spp. It is also relati-
vely easy to detect WMV-2 in the presence of ZYMV, based on the systemic
reaction on C. quinoa. ZYMV is not hard to detect in case of single infection,
but in the case of mixed infection with WMV-2, detection is possible only ba-
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sed on local chlorotic sposts on C. amaranticolor. In order to make the detec-
tion of ZYMV in mixed infections possible, it is necessary to find a host plant
displaying a specific reaction only to ZYMV.

The results of the biotest showed no observable differences among the
isolates of the same virus, indicating the lack of variability within individual
viruses under the conditions maintained in this study. The isolates of ZYMV
as well as of WMV-2 showed very similar but not identical reactions to those
published in the literature.

None of our isolates of ZYMV were infectious for Luffa sp., although nu-
merous literature data dealing with ZYMV characterization referred to isolates
capable of infecting Luffa acutangula (L i s a et al., 1981; L i s a and L e -
c o q , 1984; P r o v v i d e n t i and G o n s a l v e s , 1984; P r i e t o et al.,
2001) and Luffa aegyptica (L i s a et al., 1981). The ZYMV isolate from cu-
cumber described as not infectious to Luffa acutangula, differed from our iso-
lates by reaction to N. benthamiana (L e s e m a n n et al., 1983).

The isolates of WMV-2 obtained in this study tended to cause the same
symptoms as those previously described in literature (P r o v v i d e n t i and
S c h r o e d e r , 1970; P u r c i f u l l et al., 1984). However, they were not in-
fectious to N. benthamiana, which was not in accordance with the results of
other authors (P u r c i f u l l and H i e b e r t , 1979; T o b i a s and T u l i -
p a n , 2002), and which made them different from WMV-2 derived from cu-
cumber by T o š i ã et al. (1996). At the same time, our isolates of WMV-2
caused numerous chlorotic spots on the infected leaves of C. quinoa, just as
described for most isolates of the same virus, but, contrary to others, our isola-
tes belonged to a small group of isolates capable of systemic infection of this
test plant and of causing mosaic and leaf deformation (L i s a and D e l l a -
v a l l e , 1981, P u r c i f u l l et al., 1984, T o š i ã et al., 1996).

The symptoms on test plants induced by our CMV isolates were not
much different from those described by other authors (L a s t r a , 1968; C o -
h e n and N i t z a n n y , 1963; T o b i a s and T u l i p a n , 2002).

The identification of the viruses collected in this study was confirmed
by serological methods using appropriate antisera. The ELISA method, used
worldwide for routine detection of cucurbits viruses (M e n a s s a et al., 1986;
Y u k i et al., 2000), appeared to be very sensitive and appropriate for the
study of a large number of samples. The EBIA method showed to be suitable
for the detection of ZYMV and WMV-2, but for the detection of CMV it is
necessary to standardize and increase the sensitivity of this method, in order to
make it suitable for the cases when the virus occurs in low concentrations.

Based on our result it could be concluded that serological testing of a lar-
ge number of samples, especially by the ELISA test, is sufficiently sensi-
tive and appropriate for the detection of the presence of ZYMV, CMV and
WMV-2 in cucurbits.

In spite of the fact that viruses cause numerous and very destructive dise-
ases on the cultivated species from the family Cucurbitaceae, little attention
has been paid to these viruses in our country in the past. In view of the inten-
sified incidence of cucurbit viruses and their growing economic importance in
Serbia, it is necessary to continue this study, focusing the attention on ZYMV,
one of the most destructive viruses of cucurbits.
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Rezime

Ciq ovih istraÿivawa bio je da se identifikuju najvaÿniji virusi tika-
va (Cucurbita pepo L.) gajenih u Srbiji. Uzorci biqnog materijala uqane ti-
kve-golice, uqane tikve sa quskom, tikvice za jelo, patisona i cukinija, koji
su bili zaraÿeni virusima, sakupqeni su u tri lokaliteta sredinom jula 2001.
godine (tab. 1). Biqke zaraÿene virusima pokazivale su razliåite simptome
(tab. 2 i sl. 1—4). Taåna determinacija virusa samo na osnovu simptoma nije
moguãa zbog varijabilnosti samih simptoma.

Zaraÿeni uzorci su testirani biotestom kao i primenom dve serološke
metode, ELISA i EBIA korišãewem poliklonalnih antitela na Cucumber mo-
saic cucomovirus (CMV), Zucchini yellow mosaic potyvirus (ZYMV), Watermelon
mosaic potyvirus 2 (WMV-2), Watermelon mosaic potyvirus 1 (WMV-1) i Squash
mosaic comovirus (SqMV).

U 50 ispitanih uzoraka detektovan je jedan ili dva virusa (tab. 3 i 4).
Preovlaðujuãi virusi tikava bili su ZYMV (62%) i CMV (58%). WMV-2 je de-
tektovan u veoma malom broju uzoraka.
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Fig. 1. — Intensive yellow-green mosaic and chlorotic mottling of leaf
(sample 28) caused by zucchini yellow mosaic potyvirus

Fig. 2 — Yellow-green mosaic and blistering of leaf lamina
(sample 2) caused by cucumber mosaic cucumovirus
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Fig. 3 — Chlorotic mottling of leaves (sample 21) caused by
watermelon mosaic potyvirus 2

Fig. 4 — Yellowing and green veinbanding of leaves (sample 38)
caused by zucchini yellow mosaic potyvirus
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MORPHOLOGICAL, ANATOMICAL
AND PHYSIOLOGICAL CHARACTERISTICS OF

LATHYRUS LATIFOLIUS L. (FABACEAE)

ABSTRACT: The Lathyrus species are wild relatives of cultivated peas. Results of
morphological, anatomical and physiological analyses of Lathyrus latifolius L. are presented
in this paper.

Certain measured parameters and observed morphological characteristics are not in
agreement with available literature data, whereas no reference to the winged stem width,
length of inflorescence pedicle, calyx length and leaflet index can be found. Two forms,
f. rotundifolium R c h b . and f. latifolius B e c k . have been determined. Leaflets are am-
phystomatic, with anisocytic stomata present in almost equal number on both epidermises,
dorsoventral, with one-layered palisade and many-layered spongy tissue. Stem in transverse
section is rotund to oval with two long, lateral wing-like expansions and cortical bundles.
Mineral element analysis shows that the highest N, P and K concentrations were obtained
with the flower while Ca and Na with the leaf. Leaf pigment content was higher than stem
content while net photosynthesis rate was twice as high as respiration rate.

KEY WORDS: Lathyrus latifolius, morphology, anatomy, mineral element concentra-
tions

INTRODUCTION

Wild relatives of cultivated plants are a significant natural resource and
an inexhaustible gene pool of important and insufficiently surveyed plant spe-
cies. Also, they are useful genetic material in breeding, when transferring desi-
rable traits into cultivated plants, developing cultivars with desirable characters
(A a r s s e n et al., 1986; Š k o r i ã et al., 1988; L a z i ã and J o v i ã e -
v i ã , 1988; P a v i ã e v i ã , 1990; K o j i ã and M r a t i n i ã , 1997; B e -
r e n j i et al., 1997; N i k o l i ã et al., 1997; T a k a h a s h i et al., 1999) or
cultivating wild species (L a z i ã et al., 1995; L a v a d i n o v i ã and I s a -
j e v , 1997). Therefore, knowledge of morpho-anatomical, physiological and
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biochemical characteristics of autochthonous relatives of cultivated plants and
their relationships is important and required. Lathyrus species are the closest
autochthonous relatives of cultivated peas. In Flora Europaea the genus is re-
presented by 54 species (B a l l , 1968) while in Flora of Serbia 26 species
occurring in different habitats are reported (K o j i ã , 1972).

The purpose of the present study was to survey the morphological, anato-
mical, and physiological characteristics of the species Lathyrus latifolius L. in
order to get a better insight into the biological characteristics of the Lathyrus
species in general.

L. latifolius is a perennial plant with branched rhizome (K o j i ã , 1972),
glabrous or hairy shoot, stem with lateral wing-like expansions, and leaves
composed of one leaflet pair with a tendril. Leaflets are linear to ovate or el-
liptic-rotund with lanceolate to ovate, semihastate stipules. Inflorescences are
racemose, with (5) 8—15 flowers that are much longer than leaves. The calyx
is campanulate, unequally dentate. The corolla is dark red, rarely whitish. The
pod is elongate linear, glabrous, dark brown, with reticulate veins and 8—14
seeds. The seed is semiglobose or oval. The species grows on meadows and
forest clearings (K o j i ã , 1972). L. latifolius belongs to east sub-Mediterra-
nean floral element. A number of infraspecies forms have been reported
( G a m s , 1964; S o ó , 1966; K o j i ã , 1972; K o z u h a r o v , 1976).

MATERIAL AND METHODS

Meadow plant material from the surveyed site (Vrdnik, the Fruška Gora
Mountain) was collected at flowering, at the beginning of June. Twenty dried
and mounted plants were used for morphological investigations. Plant height,
width of winged stem, wing width, length and width of leaflets and stipules,
length of inflorescence axis, flower, and calyx, and pod length and width were
measured, and the number of leaflet pairs, number of flowers per inflorescen-
ce, and number of seeds per pod were counted.

Ten plants were selected for anatomical survey. Characteristics of leaflet
epidermal tissue were analyzed on epidermal prints made after W o l f (1954).
Light microscopy was employed to determine the size and number of stomata
per mm2 on both adaxial and abaxial epidermis. Leaflet anatomy was analyzed
in transverse sections of midleaflet portion by using freezing microtome. Mic-
roscopic measurements were performed of the median vein and leaflet 1/4
width, height and width of main vein and its vascular bundle, vessels diame-
ter, thickness of leaflet, mesophyll, palisade and spongy tissues and cuticle, si-
ze of palisade and spongy tissue cells, adaxial and abaxial epidermis cells, as
well as of the number of layers of spongy tissue. Stem anatomy analysis was
done using transverse sections of internodes at mid-stem portion. Stem diame-
ter, cuticle thickness, size of sclerenchyma groups, vascular bundles at rib zo-
ne, epidermal cells, parenchyma cells and vessels were measured and the num-
ber of vascular bundles counted.

The physiological survey included the analysis of mineral elements con-
centration in leaf, stem, flower and pod. Nitrogen (N) concentration was deter-

82



mined using a standard micro-Kjeldahl method (S a r i ã et al., 1990) phospho-
rus (P) was determined spectrophotometrically, by the ammonium-vanada-
te-molybdate method (G e r i c k e and K u r m i e s , 1952). Total potassium
(K), calcium (Ca), and sodium (Na) were determined from stock solution by
the flame photometry method. Concentration of photosynthetic pigments (S a -
r i ã et al., 1990) was determined after W e t t s t e i n (1957). Net photosyn-
thesis rate and respiration rate were determined polarographically, using a
Clark electrode (W a l k e r , 1987).

RESULTS AND DISCUSSION

Morphological characteristics

Plant height, stem wing width, leaflet width and flower length values on
the examined plants were lower than data published elsewhere (Table 1),
whereas leaflet and stipules length, number of leaflet pairs and the number of
flowers per inflorescence were in accordance with the available literature. No
data could be found for the width of winged stem, length of inflorescence pe-
dicle, calyx length and leaflet index. Therefore, our results are a contribution
to the knowledge of morphological characteristics of the surveyed species.

Two forms were determined, f. rotundifolium R c h b . , including indivi-
duals with almost rotund leaflets emarginate at the apex, and f. latifolius
B e c k . , with elliptic to lanceolate leaflets up to 20 mm wide and stem wings
approximately 5 mm wide.

Tab. 1 — Morphological characteristics (cm)

Obtained
value

Mean
value

Hayek
(1927)

Komarov
(1948)

Gams
(1964)

Ball
(1968)

Kojiã
(1972)

Koÿu-
harov
(1972)

Plant height 33—114 79 — 100—200 50—200 60—300 60—300 30—100

Stem width
(with wings) 0.4—0.9 0.7 — — — — — —

Wing width 0.15—0.4 0.26 0.25—0.6 — 0.25—0.6 — 0.25—0.6 0.5

Number of
leaflet pairs 1 1 1 1 1 1 1 1

Leaflet length 3.5—8.1 6.6 4—9 5.5—8
(9.5)

4—9
(10)

(3)
4—15

(3)
4—15

(3)
4—6
(7)

Leaflet width 1.3—3.8 2.5 — 1.2—3
(5) 1.5—5 0.3—5 0.3—5

(0.2)
0.6—3
(3.5)

Leaflet index
value — 2.64 — — — — — —

Stipule length 2.1—5.8 3.99 — 2—4 — (2)
3—6

(2)
3—6 2—4

Stipule width 0.4—1.9 0.9 — 0.8—1.2 — 0.2—1.1 0.2—1.1 (0.7)
1—1.5
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Number of
flowers/in-
florescence

8—13 11 8—14 3—8
(10) — 5—15 (5)

8—15 —

Inflorescence
axis length 5.1—31 15.7 — — — — — —

Flower length 0.7—1.8 1.2 — 2—2.5 1.5—3 (1.5)
2—3

(1.5)
2—3 —

Calyx length 0.3—1 0.7 — — — — — —

Pod length — — 6.2—7.5 5—6 7—8
(11) 5—11 5—11

(4)
5—8
(10)

Pod width — — 0.9—1 0.9—1 0.6—0.9
(1.2) 0.6—1 0.6—1

(0.4)
0.5—0.7

(0.8)

Number of
seeds/pod — — — — 8—14 10—15 8—14 10—15

Anatomical characteristics

Leaflet epidermal tissue is formed of rather large cells irregular in shape,
with moderately wavy anticlinal walls (Figure 1). Wall waviness of abaxial
epidermis is inconspicuous. Stomata are anisocytic (M e t c a l f e and C h a l k ,
1957) on both epidermises, situated at the epidermal level. Stomata number
and size are almost identical on the adaxial and abaxial epidermis (Table 2).

Tab. 2 — Number and size of leaflet stomata

Number of stomata/mm2 Stomata size — ade (�m) Stomata size — abe (�m)

Ade Abe Length Width Length Width

Mean value 70 78 26.2 13.7 27.8 14.8

min-max 48—92 59—102 21.4—31.5 8.8—17.6 25.2—32.8 10.1—18.9

Ade — adaxial epidermis; Abe — abaxial epidermis

Leaflets are dorsiventral (Figure 2). The median vein in transverse section
is convex abaxially. A collateral vascular bundle is in it. Well developed scle-
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renchyma tissue along the phloem portion of vascular bundle. Sclerenchyma
fibers incumbent on phloem and xylem. Their lumen grows narrow and walls
grow thick towards periphery. Leaflet epidermis formed of a layer of tabulate
cells covered with a cuticle somewhat thicker adaxially (Table 3). Palisade tis-
sue structured of a layer of a rather large elongated regular cilyndrical cells.
Spongy tissue of 5—7 layers of irregular cells with large intercellulars. Incum-
bent layer abaxially formed of larger cells. The spongy tissue is twice as thick
as the palisade tissue. Leaflet mesophyll with small collateral vascular bundles,
enveloped into sheath parenchyma cells.

Tab. 3 — Leaflet anatomical characteristics (μm)

Thickness

leaflet mesophyll palisade tissue spongy tissue

X 257 198 64 137

min-max 219—306 158—235 51—76 101—173

Adaxial epidermis cells Abaxial epidermis cells Palisade tissue cells

height width cuticle
thickness height width cuticle

thickness height width

X 20.6 29.2 3.0 19.4 31.9 2.4 61.7 17.5

min-max 15.1—25.2 20.2—39.1 2.5—3.8 15.1—23.9 22.7—42.8 1.9—2.5 49.1—75.6 12.2—23.9

Spongy tissue Main vein Main vein vascular
bundle Vessels

height width height width height width height width

X 32.7 29.0 597 499 205 155 29.9 26.4

min-max 25.2—39.1 20.2—41.6 439—765 377—663 173—240 102—204 21.4—40.3 15.2—36.5

Stem is elliptical in transverse section with two wing-like expansions lon-
ger than stem diameter (Figure 3). Two opposite main ribs distinct, while in-
termediary far less distinct. Epidermis structured of a layer of almost spherical
cells covered with a thick cuticle (Table 4). Primary cortex rather thin, compo-
sed of a few cell layers. Small, thin-walled cells filled with chloroplasts below
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epidermis while deeper layers of primary cortex formed of larger cells. Sube-
pidermally, developed collenchyma occurs only in larger ribs. Lacunae parallel
to stem surface are found at cortex periphery.

The central cylinder is composed of parenchyma cells, which grow larger
towards stem center. The largest central cells rupture to form a cavity. Collate-
ral vascular bundles are arranged in a ring at the periphery of the central cyl-
inder. They are of different size, those opposite to the ribs being larger. The
number of bundles is around 20. In addition to these, there are two bundles lo-
cated opposite to the wing-like expansions (cortical bundles). There are 6—12
bundles in each wing-like expansion. Above phloem, groups of sclerenchyma
fibers more developed above larger bundles occur. Among xylem portions of
vascular bundle cells of medullary rays with thicker and to some extent ligni-
fied walls are present. Together with xylem they form a continuous ring. Ves-
sels are of a considerable width.

Tab. 4 — Stem anatomical characteristics (μm)

Stem diameter Length
of stem
wings

Number of
vascular
bundles

Number of
vascular

bundles in
wings

Sclerenchyma
tissue

larger smaller height width

X 4163 3474 5483 20 9 135 476

min-max 3471—5850 2912—4602 4914—6526 15—30 6—12 102—153 408—581

Phloem Xylem Vessels Cylinder
parenchyma cells

height width height width height width height width

X 226 398 329 352 56.6 44.8 67.9 56.4

min-max 189—296 357—376 255—459 306—393 41.6—84.4 32.8—69.3 37.8—126 26.5—103.3

Epidermis

height width cuticle thickness

X 22.8 28.6 6.1

min-max 18.9—31.5 21.4—36.5 5.0—6.3
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Physiological characteristics

Of the surveyed elements, N, K, Ca, and Mg belong to essential, while
Na to a group of useful elements. Their concentrations in plant tissue depend
on plant age, cultivation conditions, plant organ, pest control, etc. The concen-
trations of these elements differ among organs.

In the surveyed species, the highest N was obtained in the flower, then in
the pod and leaf, and the lowest in the stem. K concentration in plant organs
showed the same variations as the N concentration. The highest P was recor-
ded in the flower, then in the pod and stem, and the lowest in the leaf. The
highest Ca was recorded in the leaf, the lowest in the stem. The highest Na
was found in the leaf, the lowest in the flower.

Tab. 5 — Concentration of mineral elements in plant organs (mg%)

N P K Ca Na

Leaf 3773 115 733 1336 77

Stem 2502 118 650 960 63

Flower 5942 363 1558 1116 28

Pod 4222 303 1225 1011 38

Tab. 6 — Concentration of photosynthetic pigments (mg/g dry weight) and rates of net photo-
synthesis and dark respiration (μmol O2/gh)

Chlorophyll
a

Chlorophyll
b

Chlorophyll
a+b Carotenoids

Rate of
net photo-
synthesis

Rate of dark
respiration

Leaf 3.79 1.12 4.91 1.31 426.6 160.6

Stem 0.79 0.23 1.03 0.26

Chlorophyll and carotenoid concentrations were higher in the leaf than in
the stem. Chlorophyll a was ranking first, then carotenoid, and chlorophyll b.
According to P e t r et al. (1971), the rates of net photosynthesis of pea leaves
and stipules are almost identical. In our survey, the rate of net photosynthesis
was 426.6 μmol O2/gh, while the respiration rate amounted to 160.6 μmol
O2/gh.
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MORFOLOŠKA, ANATOMSKA I FIZIOLOŠKA SVOJSTVA
LATHYRUS LATIFOLIUS L. (FABACEAE)
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e-mail: krsticb@im.ns.ac.yu

Rezime

Ispitivawe karakteristika divqih srodnika gajenih biqaka dobija sve
više na vaÿnosti zbog moguãnosti unošewa wihovih kvalitetnih i poÿeqnih
osobina, procesom oplemewivawa, u gajene genotipove. Vrste roda Lathyrus su
divqi srodnici gajenog graška. U radu su prikazani rezultati morfoloških,
anatomskih i fizioloških analiza vrste Lathyrus latifolius L.

Ustanovqeno je da se neke od merenih vrednosti morfoloških karaktera
razlikuju u odnosu na podatke iz literature, a podaci za širinu stabla sa kri-
lima, duÿinu drške cvasti, duÿinu åašice i indeks listiãa nisu naðeni u
korišãenoj literaturi. Determinisane su dve forme — f — rotundifolium RCHB.
i f. latifolius BECK. Listiãi su amfistomatiåni, sa stomama anizocitnog tipa,
koje su prisutne u skoro podjednakom broju na oba epidermisa. Listiã je dorzi-
ventralne graðe, sa jednoslojnim palisadnim i višeslojnim sunðerastim tki-
vom. Stablo je na popreånom preseku okruglo do ovalno, sa dva duga boåna kri-
lasta izraštaja i prisutnim kortikalnim snopiãima. Analizom sastava mine-
ralnih elemenata ustanovqeno je da su koncentracije N, P i K najviše u cvetu,
a Ca i Na u listu. Sadrÿaj pigmenata je veãi u listu nego u stablu. Intenzitet
fotosinteze je dva puta veãi od intenziteta disawa.
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Ovaj rad je deo istraÿivawa na projektu broj 1760 „Divqi srodnici gaje-
nih biqaka: Lathyrus spp., Trifolium spp i Allium spp.", finansiranog od strane
Ministarstva za nauku, tehnologije i razvoj Republike Srbije.
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NEW DATA ON HOVERFLIES DIVERSITY
(INSECTA: DIPTERA: SYRPHIDAE) ON THE

FRUŠKA GORA MOUNTAIN (SERBIA)

ABSTRACT: The hoverflies fauna of the Fruška Gora Mountain is well known on
account of long-term investigations conducted on the location (1956—2002). Previously, the
list of hoverflies had included 203 species (V u j i ã and G l u m a c , 1994). Based on new
investigations, nomenclature changes and recently published data, the following results were
obtained: three species have been recorded for the first time for southeastern Europe, one
species for F.R. Yugoslavia and seven species for the Fruška Gora; seven previously publis-
hed species have been replaced and seven excluded from the list of the hoverflies fauna of
the Fruška Gora; 16 species with recently established junior synonyms and 12 species with
new generic names have been noted. According to these results, the revised list of hoverfli-
es of the Fruška Gora Mountain now consists of 210 species.

KEY WORDS: Diptera, Syrphidae, hoverflies fauna, the Fruška Gora Mountain

INTRODUCTION

The Fruška Gora is a low mountain, like an island surrounded by the fla-
tlands of the Vojvodina Province (Serbia). The valleys of the Fruška Gora
Mountain and their adjoining slopes harbor meadows and grain fields, vine-
yards and orchards. Dense deciduous forests cover its higher parts, above 300
meters. The great forest diversity enables the survival of many animal species,
especially insects. This is also the case with hoverflies, which are generally
numerous in the south European biome, including the prevalently deciduous
forest that dominates the Fruška Gora Mountain.

Hoverflies are a well-known group of Diptera, with over 5000 species de-
scribed until now. They occur in all kind of habitats, from seashores to high
mountains, at the altitudes over 3000 meters. They are widely distributed
thanks to their distinctive adaptive radiation, different types of larval develop-
ment and heterogeneous ecological requirements of adults. Faunistic investiga-
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tions of this interesting group of insects provide valuable data for many scien-
tific disciplines like taxonomy, biogeography, ecology, evolution, environmen-
tal science, etc. Long-term investigations of the hoverflies fauna of the Fruška
Gora Mountain, which resulted in the discovery and registration of many spe-
cies from different zoogeographical regions, complete the biogeographical cha-
racteristics of this mountain and its history. Also, they points out the importan-
ce of the Fruška Gora Mountain as a refuge for many species (rare and endan-
gered) and the necessity for permanent monitoring of its biodiversity.

The aims of this paper were to complete the faunal data of the Fruška
Gora National Park and to serve as a reminder about the necessity of enforc-
ing the biodiversity conservation policy in this national park which has been
designated as an area of special value.

MATERIAL AND METHODS

A part of the material analyzed in this study had been collected on the
Fruška Gora Mountain in 1956/57 is deposited in the Museum of Natural His-
tory in Belgrade (Serbia). The other part of the analyzed material was collec-
ted later and kept in the collection of the Department of Biology and Ecology,
University of Novi Sad (Serbia).

For each species treated in Results and Discussion, information are given
on current taxonomic status (with recently established junior synonyms and re-
ference where it was previously published), new distribution and biological da-
ta. Following abbreviations are used: (S) — synonym; (R) — revised taxon;
(E) — erroneous determination.

Standard methods of collection and preparation were used during this in-
vestigation (V u j i ã and G l u m a c , 1994).

RESULTS AND DISCUSSION

The analysis of the recently collected material (1992—2002) and the re-
view of the previously published list (V u j i ã and G l u m a c , 1994) produ-
ced new data for the fauna of the Fruška Gora Mountain.

1. Anasimyia lineata (F a b r i c i u s , 1794)
V u j i ã and G l u m a c , 1994: as Helophilus lineatus (F a b r i c i u s , 787)
Remark: This species appears in recent literature as the genus Anasimyia,

subgenus Eurinomyia (S s y m a n k et al., 1999).

2. Anasimyia interpuncta (H a r r i s , 1776)
Eurinomyia transfuga Z e t t . by G l u m a c , 1959 (E)
Helophilus lunulatus M e i g e n , 1822 by V u j i ã and G l u m a c ,

1994 (E)
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Published records: Novi Ledinci, 10 May 1957. Two females (1 female
det. by Glumac as Eurinomyia transfuga; 1 female det. by Glumac as E. lunu-
lata; both specimens det. by Vujiã as Helophilus lunulatus).

New data: Tekije, 5 May 1985. One male 5 females leg. Radišiã; Karlo-
vaåki rit, 13 April 1990. Two males leg. Vujiã.

Remarks: The redetermination of material from the subgenus Anasimyia
has shown that the specimens from the region of the Fruška Gora Mountain
belong to a species previously unknown in southeastern Europe. The range of
distribution of A. interpuncta covers the territory from Fennoscandia south to
northern France and from Britain eastwards through central Europe into Euro-
pean parts of Russia (S p e i g h t , 2001). In Europe, the preferred environ-
ment of the species is wetland/open ground; close to standing water in fen and
river floodplains. Flowers visited by adults include white umbellifers, Caltha,
Euphorbia, Ranunculus, Salix, Sorbus aucuparia (S p e i g h t , 2001).

3. Chalcosyrphus eunotus (L o e w , 1873)
New data: Vrdnik, 31 March 2002. One male leg. Vujiã.
Remark: C. eunotus is generally a decreasing species in Europe, with no-

ticeable decreases in population numbers (S p e i g h t and C a s t e l l a , 2001).
This species was collected in few locations in Serbia (the Vršac Mountains,
the Kopaonik Mountain, the Vlašiã Mountain, the Homolje Mountains) (V u -
j i ã and R a d o v i ã , 1990; M i l a n k o v et al., 1995). This is the first re-
cord of this species on the Fruška Gora Mountain.

4. Cheilosia aerea D u f o u r , 1848
Cheilosia zetterstedti B e c k e r , 1894 by V u j i ã and G l u m a c ,

1994 (S)
Remark: C l a u s s e n and T h o m p s o n (1996) reinstated the old syn-

onym C. aerea as valid and proposed C. zetterstedti as a new synonym. This
change was published in V u j i ã (1996).

5. Cheilosia alba V u j i ã et C l a u s s e n , 2000
Cheilosia clama C l a u s s e n et V u j i ã by V u j i ã and G l u m a c ,

1994 (E)
Remark: The specimen published by V u j i ã and G l u m a c (1994) as

Cheilosia clama actually belongs to the recently described species C. alba (pu-
blished in V u j i ã and C l a u s s e n , 2000). Besides the Fruška Gora Moun-
tain, the species is known in only two other locations (one in Germany, an-
other in Montenegro). Unfortunately, C. alba is probably extinct in the Fruška
Gora Mountain (V u j i ã et al., 2002).

6. Cheilosia latifrons (Z e t t e r s t e d t , 1843)
Cheilosia intonsa L o e w , 1857 by V u j i ã and G l u m a c , 1994 (S)
Remark: Cheilosia latifrons is recognized as the senior synonym for C.

intonsa (S p e i g h t and L u c a s , 1992). This change was published in V u -
j i ã (1996).
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7. Cheilosia melanopa redi V u j i ã , 1996
Cheilosia melanopa (Z e t t e r s t e d t , 1843) by V u j i ã and G l u -

m a c , 1994 (R)
Remark: V u j i ã (1996) described a new subspecies based on materials

from many locations on the Balkan Peninsula and with the exception of the
Alps, Mediterranean and sub-Mediterranean parts. In relation to the nominal
subspecies, C. melanopa redi appears at lower altitudes. On the Fruška Gora
Mountain, large populations of this species were recorded in many locations
on the mountain slopes.

8. Cheilosia psilophthalma B e c k e r , 1894
New data: Paragovo, 20 March 1997. One male leg. Radenkoviã.
Remark: Range of C. psilophthalma is uncertain, due to confusion, until

recently, with C. latigenis C l a u s s e n et K a s s e b e e r , C. urbana M e i -
g e n and C. vujici C l a u s s e n et D o c z k a l , but confirmed for southern
Norway, Ireland, France (Vosges, the Alps), Poland, Switzerland, Greece,
Montenegro, Serbia and Russia (S p e i g h t , 2001). In Serbia, C. psilophthal-
ma has been recorded at low altitudes, on a few mountain slopes (the Vršac
Mountains, the Suva planina, the Stara planina). This is the first record of this
species on the Fruška Gora Mountain.

9. Cheilosia ranunculi D o c z k a l , 2000
Cheilosia albitarsis (M e i g e n , 1822) by V u j i ã and G l u m a c ,

1994 (in part)
Cheilosia aff. albitarsis D o c z k a l , in litt. by V u j i ã , 1996
Remark: Two species are confused under the name C. albitarsis M e i -

g e n sensu auctt. D o c z k a l (2000) separated these two species and propo-
sed the name C. ranunculi for the less widespread species. Both species are
present on the Fruška Gora Mountain and they were previously separated by
V u j i ã (1996) under the names C. albitarsis and C. aff. albitarsis. C. ranun-
culi occurs in dry grasslands from southern England to northern Spain and
eastwards to Bulgaria (D o c z k a l , 2000). In Serbia, C. ranunculi appears
sympatrically with C. albitarsis over the majority of the examined locations
( V u j i ã , 1996).

10. Cheilosia soror (Z e t t e r s t e d t , 1843)
Cheilosia rufipes (P r e y s s l e r , 1798) by V u j i ã and G l u m a c ,

1994 (S)
Remark: On the basis of P e c k 's (1988) data, V u j i ã and G l u m a c

(1994) cited C. rufipes as a senior synonym of C. soror. In recent literature
this taxon appears under the name C. soror and it was accepted by V u j i ã
(1996).

11. Cheilosia urbana (M e i g e n , 1822)
Cheilosia ruralis (M e i g e n , 1822) by V u j i ã and G l u m a c , 1994 (S)
Cheilosia praecox (Z e t t e r s t e d t , 1843) by V u j i ã , 1996 (S)
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Remark: To untangle the nomenclatural confusion of this species, C l a -
u s s e n and S p e i g h t (1999) reviewed 19 European species-group names
and reinstated C. urbana as the valid senior synonym of C. praecox. The types
of C. ruralis are not conspecific with C. praecox and actually the name ruralis
was considered as junior synonym of C. mutabilis Fallen (C l a u s s e n and
S p e i g h t , 1999).

12. Doros profuges (F a b r i c i u s , 1775)
Doros conopseus (F a b r i c i u s , 1775) by V u j i ã and G l u m a c ,

1994 (S)
Remark: Based on a study of Linnean collection, T h o m p s o n et al.

(1982) established that the name D. conopseus of the authors is an unjust
emendation. The oldest available name for this species is profuges H a r r i s .
V u j i ã and G l u m a c (1994) overlooked this nomenclature change.

13. Epistrophe flava D o c z k a l e t S c h m i d , 1994
Epistrophe melanostomoides (S t r o b l , 1880) by V u j i ã and G l u -

m a c , 1994 (R)
Remark: E. flava was recently described (D o c z k a l and S c h m i d ,

1994) based on a revision of central European species of the genus Epistrop-
he. The only record of this species in southeastern Europe was published for
the area of Obedska bara in Serbia (V u j i ã et al., 1998). The range of the
species includes from Scandinavia south to the Pyrenees and from Belgium
eastwards through central and southern Europe (Spain, Italy) into European
parts of Russia; through Siberia to the Pacific coast (S p e i g h t , 2001). The
preferred environment of the species is deciduous forest, from riverine gallery
forest of Populus/Salix alba to dry Quercus/Castanea forest and on to humid
Fagus/Picea forest (S p e i g h t , 2001).

14. Epistrophella euchroma (K o w a l e w s k y , 1885)
V u j i ã and G l u m a c , 1994: as Epistrophe euchroma (K o w a r z ,

1885)
New data: Paragovo, 1987 (Malaise trap), one male; Karlovaåki rit, 21

April 1993, one female leg. Vujiã.
Remark: This taxon appears in recent literature under the genus name of

Epistrophella D u š e k et L a s k a .

15. Eristalis interrupta (P o d a , 1761)
Eristalis nemorum (L i n n e a e u s , 1758) by V u j i ã and G l u m a c ,

1994 (S)
Remark: It has been established that E. nemorum Linnaeus differs from

E. nemorum of the authors. The valid name of this species is interrupta
P o d a (T h o m p s o n et al., 1982). This is another oversight of V u j i ã and
G l u m a c (1994).

16. Eristalis similis F a l l e n , 1817
Eristalis pratorum M e i e g n , 1822 by V u j i ã and G l u m a c , 1994 (S)
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Remark: During a study of Norwegian material of Eristalis, N i e l s e n
(1995) found that the correct name for the taxon previously called E. pratorum
is E. similis F a l l e n .

17. Eupeodes bucculatus (R o n d a n i , 1857)
Syrphus latilunulatus C o l l i n , 1931 (S)
Metasyrphus luniger (M e i g e n , 1822) by V u j i ã and G l u m a c ,

1994, in part (E)
Revised data: Hopovo, 11 April 1988, one male (Metasyrphus luniger in

V u j i ã and G l u m a c , 1994).
New data: Vrdnik, 31 March 2002, one male leg. Vujiã.
Remark: E. bucculatus was recently redescribed and reinstated as valid

taxon name (M a z a n e k et al., 1998). The range of the species includes from
Scandinavia south to the Pyrenees and from Belgium eastwards through cen-
tral and southern Europe (Spain, Italy) into the European parts of Russia; thro-
ugh Siberia to the Pacific coast (S p e i g h t , 2001). The only record of this
species for southeastern Europe was published for the Tisza basin (Š i m i ã
and V u j i ã , 1987) under the name Postosyrphus latilunulatus C o l l i n
(synonym of E. bucculatus).

18. Eupeodes corollae (F a b r i c i u s , 1794)
V u j i ã and G l u m a c , 1994: as Metasyrphus corollae (F a b r i c i -

u s , 1794)
Remark: This genus appears in recent publications under the name Eupe-

odes O s t e n - S a c k e n , 1877, instead of the junior synonym Metasyrphus
M a t s u m u r a , 1917.

19. Eupeodes (Lapposyrphus) lapponicus (Z e t t e r s t e d t , 1838)
V u j i ã and G l u m a c , 1994: as Metasyrphus lapponicus (Z e t t e r e -

s t e d t , 1838)

20. Eupeodes latifasciatus (M a c q u a r t , 1829)
V u j i ã and G l u m a c , 1994: as Metasyrphus latifasciatus (M a c -

q u a r t , 1829)

21. Eupeodes lucasi (M a r c o s - G a r c i a and L a s k a , 1983)
Metasyrphus nuba (W i e d e m a n n , 1830) by V u j i ã and G l u m a c ,

1994 (R)
Metasyrphus luniger (M e i g e n , 1822) by V u j i ã and G l u m a c ,

1994, in part (R)
Revised data: V u j i ã and G l u m a c , 1994: all data of Metasyrphus

nuba; Iriški Venac, 30 April 1957, one female det. by Glumac as Syrphus lu-
niger; Glavica, 1 May 1988, one male det. by Vujiã as Metasyrphus luniger.

Remark: M a r c o s - G a r c i a and L a s k a (1983) described Metasyrp-
hus lucasi based on a series of females captured in Spain. An unknown male
of this species was recently described (M a r c o s - G a r c i a et al., 2000). The
range of E. lucasi includes Spain, French Pyrenees, Corsica, the Alps, the
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Apennines, Sicily, the Czech Republic, Hungary, FR Yugoslavia, Macedonia,
Greece (M a r c o s - G a r c i a et al., 2000). A revision of material from Yugo-
slavia has confirmed the presence of the species in this area. These records
from the Fruška Gora Mountain are the first published data on the species in
Yugoslavia.

22. Eupeodes luniger (M e i g e n , 1822)
V u j i ã and G l u m a c , 1994: as Metasyrphus luniger (M e i g e n ,

1822)
New data: Rokov potok, 29 March 1998, one male leg. Radišiã.

23. Fagisyrphus cinctus (F a l l e n , 1817)
V u j i ã and G l u m a c , 1994: as Melangyna cincta (F a l l e n , 1817)
Remark: There are three different approaches to the status of this species:

a member of the taxon Meligramma, as subgenus of the genus Melangyna
( P e c k , 1988) or as a separate genus (S p e i g h t , 2001); a species belong-
ing to the genus Fagisyrphus (S s y m a n k et al., 1999). The isolated morpho-
logical features of the species support the last position, as accepted in this pa-
per.

24. Helophilus trivittatus (F a b r i c i u s , 1805)
Helophilus parallelus (H a r r i s , 1776) by V u j i ã and G l u m a c ,

1994 (S)
Remark: H. parallelus as valid name for this taxon was presented in

Peck's catalogue (1988) and used by V u j i ã and G l u m a c (1994). In re-
cent publications this synonym is not accepted.

25. Lejogaster tarsata (M e g e r l e in M e i g e n , 1822)
Lejogaster splendida (M e i g e n , 1822) by V u j i ã and G l u m a c ,

1994 (S)
Remark: M a i b a c h et al. (1994a) established that Chrysogaster tarsata

is a senior synonym of Lejogaster splendida. This nomenclature change was
previously published for the material from the Fruška Gora Mountain (V u -
j i ã , 1999).

26. Mallota cimbiciformis (F a l l e n , 1817)
New data: Glavica, 18 August 2001, one female leg. Vujiã.
Remark: The range of this species includes the territory from southern

Fennoscandia south to the Pyrenees, central Spain and on into North Africa;
from Britain east through most of Europe to central Siberia; northern Iran
( S p e i g h t , 2001). The only previous record of the species in Serbia was
published by G l u m a c (1955), from the region of Homolje. This is an ex-
tremely rare and threatened hoverfly on the Balkan Peninsula. The preferred
environment of M. cimbiciformis is the forest; deciduous forest of Fagus and
Quercus with overmature and senescent trees, and evergreen oak forest of Q.
suber and Q. ilex (S p e i g h t , 2001).
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27. Melanogaster nuda (M a c q u a r t , 1829)
Chrysogaster lucida (S c o p o l i , 1763) by V u j i ã and G l u m a c ,

1994 (S)
Remark: Based on a revision of Linnaeus collection, T h o m p s o n et

al. (1982) mentioned that the species viduata of the authors corresponded
to Chrysogaster lucida. This datum was used by V u j i ã and G l u m a c
(1994) in previous publication. M a i b a c h et al. (1994a) established that the
name lucida has been wrongly applied as a replacement name for viduata
auct. nec L. The oldest corresponding name for this species is nuda (M a i -
b a c h et al., 1994a), accepted by V u j i ã (1999) for the Balkan material.

28. Meligramma guttata (F a l l e n , 1817)
V u j i ã and G l u m a c , 1994: as Melangyna guttata (F a l l e n , 1817)
Remark: Meligramma is frequently cited as subgenus of the genus Me-

langyna (P e c k , 1988). It appears as a separate genus in recent publications
( S s y m a n k et al., 1999; S p e i g h t , 2001).

29. Meligramma triangulifera (Z e t t e r s t e d t , 1843)
V u j i ã and G l u m a c , 1994: as Melangyna triangulifera (Z e t t e r -

s t e d t , 1843)
New data: Glavica, 1 May 1988, one male leg. Vujiã; 30 April 1994, one

female leg. Vujiã; Stari Ledinci, 19 April 1988, one male leg. Vujiã.

30. Merodon recurvus (S t r o b l , 1898)
Merodon strobli B r a d e s c u , 1986 by V u j i ã and G l u m a c , 1994 (S)
Remark: D i r i c k x (1994) revised the status of the names recurvus and

strobli and reinstead the older name as valid for this taxon.

31. Microdon analis (M a c q u a r t , 1842)
Microdon latifrons L o e w , 1857 by V u j i ã and G l u m a c , 1994 (S)
Remark: S p e i g h t (1994) established M. latifrons as a junior synonym

of M. analis. The central European taxa of the genus Microdon have been re-
cently revised by D o c z k a l and S c h m i d (1999).

32. Myolepta dubia (F a b r i c i u s , 1805)
Myolepta luteola (G m e l i n , 1790) by V u j i ã and G l u m a c , 1994 (S)
Remark: T h o m p s o n and P o n t (1994) demonstrated that the name

luteola is not applicable for this species and introduced dubia of Fabricius as
the valid replacement.

33. Parasyrphus punctulatus (V e r r a l l , 1873)
Parasyrphus macularis (Z e t t e r s t e d t , 1843) by V u j i ã and G l u -

m a c , 1994 (E)
Revised records of P. macularis in V u j i ã and G l u m a c , 1994: P.

punctulatus: Glavica, 19 April 1988, one male; 25 March 1989, one male, one
female; 5 April 1989, four males; Hopovo, 25 March 1989, one male; Stari
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Ledinci, 26 March 1989, three males; 5 April 1989, one male. P. annulatus
( Z e t t e r s t e d t , 1838): Andrevlje, 22 April 1988, one male.

New data: Glavica, 5 April 1989, one female leg. Vujiã; 4 April 1995,
one male, one female leg. Vujiã.

Remark: There is considerable confusion about P. macularis in the litera-
ture. It is extremely similar to P. punctulatus (S p e i g h t , 2001). Revision of
material from Serbia has shown the presence of both species in this area, but
P. punctulatus is found only on the Fruška Gora Mountain. Previous record of
this species in Serbia was published by K u l a (1985), for the vicinity of Bel-
grade. Its range occupies the area from Fennoscandia south to the Pyrenees;
from Ireland eastwards through northern and central Europe (plus northern It-
aly) into European parts of Russia and on through Siberia to the Pacific coast
(Japan) (S p e i g h t , 2001). The preferred environment of the species is the
forest; deciduous and coniferous forests and conifer plantations; Quercus/
Fraxinus and Betula/Salix/Alnus forests and woodlands and forests and planta-
tions of Pinaceae or Larix; plus suburban gardens and orchards with mature
trees (S p e i g h t , 2001).

34. Parhelophilus frutetorum (F a b r i c i u s , 1775)
V u j i ã and G l u m a c , 1994: as Helophilus frutetorum (F a b r i c i u s ,

1775)
Revised records: Petrovaradinski rit, 23 May 1985, two males; Glavica,

18 May 1988, one male (Helophilus versicolor in V u j i ã and G l u m a c ,
1994).

Remark: P e c k (1988) regards Parhelophilus as a subgenus of the ge-
nus Helophilus. In recent publications this taxon appears separately (S s y -
m a n k et al, 1999; S p e i g h t , 2001).

35. Parhelophilus versicolor (F a b r i c i u s , 1794)
V u j i ã and G l u m a c , 1994: as Helophilus versicolor (F a b r i c i u s ,

1794)
Revised records: Sremska Kamenica, 25 June 1978, one female; Iriški

Venac, 26 July 1983, one female; Petrovaradinski rit, 2 May 1985—23 June
1986, three males, nine females.

36. Platycheirus albimanus (F a b r i c i u s , 1781)
Platycheirus cyaneus (M u l l e r , 1764) by V u j i ã and G l u m a c ,

1994 (S)
Remark: In Peck's catalogue (1988) this species was referred to as P.

cyaneus. That was accepted by V u j i ã and G l u m a c (1994), but V o c -
k e r o t h (1990) provided a convincing argument as to why the name should
revert to albimanus.

37. Platycheirus europeus G o e l d l i n , M a i b a c h et S p e i g h t , 1990
Platycheirus clypeatus (M e i g e n , 1822) by V u j i ã and G l u m a c ,

1994 (in part) (R)
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Revised records: Mutalj, 13 July 1982, one female (P. clypeatus in V u -
j i ã and G l u m a c , 1994); Hopovo, 2 August 1983, one female (P. clypea-
tus in V u j i ã and G l u m a c , 1994).

Remark: Three new European species of the genus Platycheirus, closely
related to P. clypeatus, were recently described (G o e l d l i n et al., 1990).
Revision of specimens from clypeatus group collected on the Fruška Gora Mo-
untain has shown the presence of two taxa among material previously determi-
ned and published as P. clypeatus (V u j i ã and G l u m a c , 1994): P. euro-
peus and P. occultus. Both species have been unknown for southeastern Euro-
pe until now. The known range of P. europeus includes Sweden, Finland,
Denmark, Britain, Germany, Netherlands, Belgium, France (the Cote d'Or,
Vosges, the Alps and the Pyrenees), the Czech Republic, Hungary, the Swiss
Plateau (the low-altitude plains between the Jura and the Alps), Austria, Spain
and Italy (S p e i g h t , 2001). The preferred environment of the species is
wetland/open ground; in particular, brook floodplains and wet flushes in mon-
tane grassland, grassy glades beside streams or flushes in forest in the Carpi-
nus/Quercus zone up into the Fagus/Picea zone (including humid Pinus) and
in humid unimproved grassland (S p e i g h t , 2001).

38. Platycheirus occultus G o e l d l i n , M a i b a c h et S p e i g h t , 1990
Platycheirus clypeatus (M e i g e n , 1822) by V u j i ã and G l u m a c ,

1994 (in part) (R)
Revised records: Karlovaåki rit, 22 March 1990, one male (P. clypeatus

i n V u j i ã and G l u m a c , 1994); Glavica, 25 March 1990, one male (P.
clypeatus in V u j i ã and G l u m a c , 1994).

New data: Ljuba, 5 April 1990, one female leg. Vujiã.
Remark: P. occultus is extremely similar to P. clypeatus and P. euro-

paeus, from which in nearly all cases it may be distinguished using the keys
o f S p e i g h t and G o e l d l i n (1990). The range is not yet adequately
known, so far it has been recorded in Sweden, Norway, Denmark, Ireland, Bri-
tain, northern Germany, France, lowland parts of Switzerland, Liechtenstein
(the Rhine valley), Spain and northern Italy (S p e i g h t , 2001). The above
records from the Fruška Gora Mountain are first for southeastern Europe.

The preferred environments of the species are wetland; fen and the perip-
hery of raised bog, coastal marsh and dune slacks, humid, seasonally-flooded,
unimproved grassland, moorland (S p e i g h t , 2001).

39. Rhingia rostrata (L i n n a e u s , 1758)
New data: Andrevlje, 27 May 1981, one female leg. Vujiã; Paragovo—

Zmajevac, 21 August 1981, one male leg. Vujiã.
Remark: A revision of undetermined material from the Fruška Gora Mo-

untain has indicated the presence of R. rostrata in this area. The only previous
record of this species in Serbia was published by K u l a (1985) for the Avala
Mountain. The range of R. rostrata occupies the area from southern Finland
and Denmark south to northern Spain; from Britain (Wales, southern England)
eastwards through central Europe into European parts of Russia, the Caucasus
and western Siberia (S p e i g h t , 2001). The preferred environment of species
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is the forest; deciduous forest (Quercus, Fraxinus/Fagus) and scrub with a
rich, tall-herb ground flora (S p e i g h t , 2001).

40. Riponnensia splendens (M e i g e n , 1822)
V u j i ã and G l u m a c , 1994: as Orthoneura splendens (L o e w , 1843)
Remark: Based on a revision of the genera of the tribe Chrysogasterini,

M a i b a c h et al. (1994b) described the genus Riponnensia with four species,
including Riponnensia splendens. This change of taxonomic status for the spe-
cies from the Fruška Gora Mountain was published recently (V u j i ã , 1999).

41. Temnostoma meridionale K r i v o s h e i n a et M a m a e v , 1962
Temnostoma vespiforme (L i n n e a u s , 1758) by V u j i ã and G l u -

m a c , 1994 (E)
Remark: This species was recently recognized in southeastern Europe

( V u j i ã et al., 1998). Its range includes Finland, Estonia, Latvia, Germany,
central and southwestern France (including the Pyrenees), the Czech Republic,
Romania, the Ukraine, European parts of Russia and the Caucasus (S p e -
i g h t , 2001). In Serbia, T. meridionale is presently known only in the loca-
tion of Obedska bara and on the Fruška Gora Mountain.

42. Xanthogramma festiva (L i n n a e u s , 1758)
Xanhogramma citrofasciatum (D e G e e r , 1776) by V u j i ã and G l u -

m a c , 1994 (S)
New data: Glavica, 4 May 1994, two males leg. Radenkoviã.
Remark: Based on a study of Linnean collection, T h o m p s o n et al.

(1982) established that the type specimen of Musca festiva belongs to the ge-
nus Xanthogramma and not to Chrysotoxum. The name citrofasciatum became
a junior synonym of X. festiva. V u j i ã and G l u m a c (1994) omitted this
nomenclature change.

43. Xylota abiens M e i g e n , 1822
Record: Åortanovci, 19 March 1994, one female leg. Vujiã (published in

V u j i ã and M i l a n k o v , 1999).
Remark: There are few records of this species in Serbia (the Vršac Mo-

untain, the Fruška Gora Mountain and the location of Bosilegrad) (M i l a n -
k o v et al., 1995; V u j i ã and M i l a n k o v , 1999).

44. Xylota segnis (L i n n a e u s , 1758)
Xylota florum (F a b r i c i u s , 1758) by V u j i ã and G l u m a c , 1994 (E)
Remark: A study of the specimen published as X. florum in V u j i ã and

G l u m a c (1994) showed that it belongs to X. segnis. Based on that, X. flo-
rum must be excluded from the list of species present on the Fruška Gora Mo-
untain.

Excluded and replaced names

Cheilosia clama C l a u s s e n et V u j i ã = C. alba V u j i ã et C l a -
u s s e n , 2000 (E)
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Cheilosia zetterstedti B e c k e r , 1894 = C. aerea D u f o u r , 1848 (S)
Cheilosia rufipes (P r e y s s l e r , 1798) = C. soror (Z e t t e r s t e d t ,

1843) (S)
Cheilosia ruralis (M e i g e n , 1822) = C. urbana (M e i g e n , 1822) (S)
Chrysogaster lucida (S c o p o l i , 1763) = C. nuda (M a c q u a r t ,

1829) (S)
Doros conopseus (F a b r i c i u s , 1775) = D. profuges (F a b r i c i u s ,

1775) (S)
Epistrophe melanostomoides (S t r o b l , 1880) = E. flava D o c z k a l et

S c h m i d , 1994 (R)
Eristalis nemorum (L i n n e a e u s , 1758) = E. interrupta (P o d a ,

1761) (S)
Eristalis pratorum M e i g e n , 1822 = E. similis F a l l e n , 1817 (S)
Metasyrphus nuba (W i e d e m a n n , 1830) = Eupeodes lucasi (M a r -

c o s - G a r c i a et L a s k a , 1983) (R)
Helophilus lunulatus M e i g e n , 1822 = Anasimyia interpuncta (H a r -

r i s , 1776) (E)
Helophilus parallelus (H a r r i s , 1776) = H. trivittatus (F a b r i c i u s ,

1805) (S)
Lejogaster splendida (M e i g e n , 1822) = L. tarsata (M e g e r l e in

M e i g e n , 1822) (S)
Merodon strobli B r a d e s c u , 1986 = M. recurvus S t r o b l , 1898 (S)
Myolepta luteola (G m e l i n , 1790) = M. dubia (F a b r i c i u s , 1805) (S)
Parasyrphus macularis (Z e t t e r s t e d t , 1843) = P. punctulatus (V e r -

r a l l , 1873) (E)
Platycheirus clypeatus (M e i g e n , 1822) = P. europeus G o e l d l i n ,

M a i b a c h et S p e i g h t , 1990 and P. occultus G o e l d l i n , M a i b a c h
et S p e i g h t , 1990 (R)

Platycheirus cyaneus (M u l l e r , 1764) = P. albimanus (F a b r i c i u s ,
1781) (S)

Temnostoma vespiforme (L i n n e a u s , 1758) = T. meridionale K r i -
v o s h e i n a et M a m a e v , 1962 (E)

Xanhogramma citrofasciatum (D e G e e r , 1776) = X. festiva (L i n n a -
e u s , 1758) (S)

Xylota florum (F a b r i c i u s , 1758) = X. segnis (L i n n a e u s , 1758) (E)

Species under revision

Three species groups are still subject of study and contain species with
unsolved taxonomic status and uncertain names. These are: Cheilosia canicu-
laris (P a n z e r , 1801), a group with two species; Merodon avidus (R o s s i ,
1790), a complex and Paragus bicolor (F a b r i c i u s , 1794), a complex (the
last two groups each have one species recorded on the Fruška Gora Moun-
tain).
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CONCLUSION

Based on new investigations, nomenclature changes and recently publi-
shed data, the following data of special importance for hoverflies diversity on
the Fruška Gora Mountain should be stated:

— three species have been recorded for the first time in southeastern Eu-
rope: Anasimyia interpuncta, Platycheirus europeus and P. occultus;

— this is the first published record of Eupeodes lucasi for FR Yugosla-
via;

— seven species have been found for the first time on the Fruška Gora
Mountain: Chalcosyrphus eunotus, Cheilosia psilophthalma, C. ranunculi, Eu-
peodes bucculatus, Mallota cimbiciformis, Rhingia rostrata and Xylota abiens;

— on the basis of material revision and redetermination, seven taxa from
the previously published list of hoverfly species of the Fruška Gora Mountain
have been replaced: Cheilosia alba (instead C. clama); Epistrophe flava (in-
stead of E. melanostomoides); Eupeodes lucasi (instead of E. nuba); Parasyrp-
hus punctulatus (instead of P. macularis); Platycheirus europeus and P. occul-
tus (instead of P. clypeatus); Temnostoma meridionale (instead of T. vespi-
forme);

— seven species were excluded from the hoverfly fauna of the Fruška
Gora Mountain: Anasimyia lunulata, Cheilosia clama, Epistrophe melanosto-
moides (syn. of E. melanostoma Z e t t . ), Eupeodes nuba, Parasyrphus macu-
laris, Platycheirus clypeatus, Temnostoma vespiforme and Xylota florum;

— 16 species with recently established junior synonyms and 12 species
with new generic names have been mentioned;

— presently, the above mentioned results complete the list of 210 hover-
fly species registered on the Fruška Gora Mountain.
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NOVI PODACI O DIVERZITETU OSOLIKIH MUVA
(Insecta: Diptera: Syrphidae) FRUŠKE GORE (SRBIJA)

Ante A. Vujiã, Smiqka D. Šimiã, Sneÿana R. Radenkoviã
Univerzitet u Novom Sadu, PMF, Institut za biologiju i ekologiju,

Trg Dositeja Obradoviãa 2, 21000 Novi Sad, SCG

Rezime

Fauna osolikih muva Fruške gore je dobro prouåena zahvaqujuãi dugogo-
dišwim istraÿivawima (1956—2002). Dosad su bile registrovane 203 vrste
( V u j i ã i G l u m a c , 1994). Na bazi novih istraÿivawa, nomenklaturnih
promena i skorije publikovanih podataka, dobijeni su sledeãi rezultati: tri
vrste su registrovane po prvi put za jugoistoånu Evropu, jedna vrsta za S. R.
Jugoslaviju, a sedam vrsta za Frušku goru; sedam prethodno publikovanih vrsta
je zameweno novima, a sedam je iskquåeno sa liste faune Fruške gore; za 16
vrsta su korišãeni nedavno ustanovqeni sinonimi, a za 12 nova generiåka
imena. Na bazi ovih rezultata, novoustanovqena lista broji 210 vrsta osolikih
muva za Frušku goru.
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