
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

101

NOVI SAD
2001Z

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
1

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—)

101

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. SCHILLING, 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

101

NOVI SAD
2001



CONTENTS
SADRŸAJ

ARTICLES AND TREATISES
ÅLANCI I RASPRAVE

K o s t a D . M a g l i ã , Thermophysical and electric properties of elements of
the V A group measured by millisecond pulse calorimetry — Termofi-

ziåke i elektriåne osobine elemenata V A grupe pomoãu milise-

kundne impulsne kalorimetrije . . . . . . . . . . . . . . . 5
M a r i j a I . K a k a š , I v a n G . J a j n i ã , A g n e š J . K a p o r , R o g e r

D . W i l l e t t , L a j o š L . S i m o n , G á b o r G . B e r n á t h , Elec-
tronic spektra and crystal structure of 1-methyl-3-phenyl-6,7-dimethoxyiso-
quinoline — Elektronski spektri i kristalna struktura 1-metil-

-3-fenil-6,7-dimetoksiizohinolina . . . . . . . . . . . . . 25
N i k o l a M . K o s t i ã , M i o d r a g D . J a k o v l j e v i ã , V l a d i m i r B .

H a d ÿ i ã , N e b o j š a J . P r o t i ã , Mineralogy and agrochemistry of
magnesium in soils of Vojvodina, Šumadija and northern Pomoravlje —
Mineralogija i agrohemija magnezijuma u zemqištima Vojvodine,

Šumadije i severnog Pomoravqa . . . . . . . . . . . . . . . 37
M i r o s l a v Ÿ . Ÿ i v i ã , The role of proton exchangable calcium in the home-

ostasis of intracelullar calcium in prefused and ligated internodal cells of
Chara gymnophylla — Uloga proton izmenqivog kalcijuma iz ãelij-

skog zida u homeostazi unutarãelijskog kalcijuma kod perfundovane

i podvezane internodijalne ãelije alge Chara gymnophylla . . . . 49
Å e d o m i r N . R a d e n o v i ã , M i l o s a v M . B a b i ã , N e n a d S . D e -

l i ã , D u š a n B . R i s t a n o v i ã , Effects of changes in thylakoid mem-
branes — a measure for evaluation of resistance and adaptability of maize
inbred lines to high temperatures — Efekti promena u tilakoidnim

membranama — mera za ocenu otpornosti i adaptivnosti inbred li-

nija kukuruza prema visokim temperaturama . . . . . . . . . . 59
R u d o l f K . K a s t o r i , N o v i c a M . P e t r o v i ã , S l o b o d a n M .

L o m o v i ã , M i o d r a g Ÿ . J e l i ã , I v a n a V . A r s e n i j e v i ã -
- M a k s i m o v i ã , Effect of ecological factors on genetic specificity for
the contents of macro- and microelements in wheat grain — Uticaj eko-

loških åinilaca na genetsku specifiånost sadrÿaja makro- i mi-

kro-elemenata u zrnu pšenice . . . . . . . . . . . . . . . . 71



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 , M i r j a n a S .
V u å k o v i ã , Concentrations of macronutrients in dominant aquatics if
the Lake Provala (Vojvodina, Jugoslavija) — Koncentracija makroeleme-

nata u dominantnim akvatiånim makrofitama jezera Provala (Voj-

vodina, Jugoslavija) . . . . . . . . . . . . . . . . . . . . 77
V e r a P . B u d a k , V e s n a L j . M a å i ã , L j u b o K . M a å i ã , G o -

r a n A n a å k o v , Endemic species in flora of St Ivan Hill in the vicinity
of the City of Kotor (Montenegro, Yugoslavia) — Endemske biqke u

flori brda Sv. Ivan u okolini Kotora (Crna Gora, Jugoslavija) . 85
L j i l j a n a M . N i k o l i ã , S l o b o d a n k a J . S t o j a n o v i ã , D e j a n a

M . L a z i ã , Contribution to the knowledge of distribution of Azolla spe-
cies in flora of Serbia — Prilog poznavawu rasprostrawewa vrsta ro-

da Azolla L a m . u flori Srbije . . . . . . . . . . . . . . . 95
I g o r M . S t o j a n o v , D u š a n B . O r l i ã , Infections in parental flock

and eggs on Campilobacter and Salmonella kinds — Infekcije rodi-

teqskog jata i jaja Campilobacter i Salmonella vrstama . . . . . . 101

Instructions for authors — Uputstvo za autore . . . . . . . . . . . . 109



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, Yugoslavia

Telefon: 021/420-199

The editors of the Matica srpska Proceedings for Natural Sciences
Completed the selection for Issue 101/2001 on Mart 4, 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 October 2002
Publish by: Mladen Mozetiã, GRAFIÅAR, Novi Sad

Printed by: „Ideal", Novi Sad

Publikovawe ovog broja pomogli su Ministarstvo za nauku,
tehnologije i razvoj Republike Srbije, Vojvoðanska banka i

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

Vojvoðanska banka and Scientific Institute for Veterinary Medicine, Novi Sad.



Zbornik Matice srpske za prirodne nauke / Proceedings for Natural Sciences, Matica Srpska
Novi Sad, ¥ 101, 5—23, 2001

UDC 536.5

K o s t a D . M a g l i ã

Institute of Nuclear Sciences „Vinåa", Thermal Engineering and Energy Research Laboratory,
P.O. Box 522, 11001 Belgrade, Yugoslavia

THERMOPHYSICAL AND ELECTRIC PROPERTIES OF
ELEMENTS OF THE V A GROUP MEASURED BY

MILLISECOND PULSE CALORIMETRY

ABSTRACT: In the early eighties a variant of millisecond resolution pulse calorime-
try was introduced at the Institute of Nuclear Sciences „Vinåa" for studying specific heat
and electric resistivity of solid electric conductors. Over a period of years the method was
developed to enable measurements between room temperature and 2500 K, and was adapted
to measure simultaneously hemispherical total emissivity and normal spectral emissivity on
the same specimens (above 1300 K). This paper reports the results obtained in a study of
pure elements of the V A group: vanadium, niobium and tantalum, with the main objective
to provide reliable data on their thermophysical properties in widest temperature range, con-
tributing thus to establishing their internationally recommended functions. The obtained and
available literature data are presented, and suitability of these metals as thermophysical pro-
perty standard reference material candidates is discussed.

KEY WORDS: electric resistivity; elements of group V A; hemispherical total emissi-
vity; normal spectral emissivity; specific heat, standard reference materials

1. INTRODUCTION

Results presented in this paper are a part of the ongoing study of thermal
and electric properties of refractory metals conducted at the Vinåa Institute of
Nuclear Sciences. Beside elements of the V A group, this study involves tung-
sten, molybdenum and titanium.

Information on these properties in databases consist mainly of medium
temperature data obtained by drop calorimetry via enthalpy measurements (to
about 1300 K), and the high temperature data generated by pyrometric subse-
cond pulse calorimetry, starting above 1500 K (C e z a i r l i y a n , 1971a;
R i g h i n i et al., 1972; P o t t l a c h e r et al., 1987). Our measurements, due
to wide temperature coverage of the applied contact thermometry pulse calori-
metry ranging room temperature to 2500 K (D o b r o s a v l j e v i ã and M a -
g l i ã , 1989) represent more than a link between them, providing also reliable
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data in the bordering ranges of other techniques, which are always characteri-
zed by lesser accuracy.

2. EXPERIMENTAL

2.1 Method

Modern millisecond resolution pulse calorimetry was developed at the US
National Bureau of Standards in the late sixties, which was made possible by
the development of new equipment for acquisition and computer processing of
experimental data (C e z a i r l i y a n , 197la). To avoid problems of measuring
contact temperature in a conductor which is a site of heavy current flow, this
method was limited to contactless thermometry (pyrometry) range, i.e. temper-
atures above 1500 K. In the early eighties these problems were solved at the
Institute of Nuclear Sciences „Vinåa", resulting in a variant of the millisecond
resolution pulse calorimetry which could be used from room temperature
to extremes of thermocouple thermometry (D o b r o s a v l j e v i ã and M a -
g l i ã , 1989).

The applied method consists of fast resistive heating of electrically con-
ducting specimen in a form of wire typically 2 mm in diameter and 200 mm
long, to a predetermined maximum temperature. It involves parallel measure-
ment of its temperature, voltage drop along the specimen effective zone and
the current through specimen. For measuring temperature, three S type- or
WRe 5%/WRe 26% combination thermocouples (diameter 0.05, 0.75 or 0.1
mm) are welded intrinsically in the central, effective zone (middle of the spec-
imen), at 10 to 20 mm separations. The central thermocouple measures speci-
men temperature, and the other two monitor temperature uniformity within the
effective zone, their P legs serving also as potential leads for measuring volta-
ge drop along it. The procedure for compensating effects of heavy current
flow through the specimen on contact thermometry is presented in detail in
D o b r o s a v l j e v i ã and M a g l i ã (1989).

DC pulses from two heavy 12 V batteries, which are connected in series
or in parallel, supply 250—600 A or 500—900 A, giving, depending on the
material, heating rates of about 1000 to 4000 K s—1. Measurements are perfor-
med in vacuum of 10—3 Pa or better to protect the specimen from oxidation
and heat exchange by convection and conduction (gas phase). A PC controls
the experiment and it is used for real-time acquisition of data and their subse-
quent processing. Data on the current, voltage drop across the effective zone
and the thermocouple emf are collected during specimen heating lasting 500—
1500 ms, and during the initial part of the cooling period. Several thousand
data points are collected per run, yielding 500—1000 values of specific heat
and electric resistivity in the whole temperature range.

Specific heat capacity, cp, is computed from the balance of energy
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Electric resistivity, p, follows from Ohm's law
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where U is the voltage drop across central, effective length, Le, between poten-
tial leads; I is the current; Pr is the radiative power loss from the measurement
zone, m is the mass of the effective specimen volume; (dT/dt)h is the heating
rate at a given temperature; and S is the specimen cross section.

The radiative power loss, Pr, in (1) is given by

P A T Tr t� � 4
0
4 ) (3)

where T0 and T are absolute temperatures of the ambient and the specimen, re-
spectively, A is the specimen surface area, � is the Stefan-Boltzmann constant,
and �t is the hemispherical total emisivity. The latter is computed at different
temperatures from experimental data obtained in heating and from initial part
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of the cooling period of experiments ending at these temperatures, from ex-
pression
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Data collected during experiments with simultaneous pyrometric measure-
ments enable determination of normal spectral emissivity. It is computed from

� �

�e
c

T Tb

2 1 1

(5)

where T is the specimen absolute temperature, Tb is the specimen brightness
temperature, and c2 is the second radiation constant. Experimental procedure is
described in detail in M a g l i ã et al. (1995/1996).

2.2 Measurement uncertainties

Estimation of maximum uncertainties in the specific heat and electric re-
sistivity measurements by this method are given in D o b r o s a v l j e v i ã
a n d M a g l i ã (1989), and they amount to 3% and 1%, respectively. These
maximum uncertainty values apply at the upper and the lowest limits of the
measurement range (M a g l i ã et al., 1995/1996), i.e. about 150 K toward
ends of the measurement range. Uncertainty is usually lower in the region be-
tween these extremes.

2.3 Specimens

All specimens were supplied by Goodfellow, UK, in the form of rods
with nominal dimensions 2 mm in diameter and 200 mm in length. After the
tantalum specimen broke in two halves, measurements were performed with
the length of 110 mm. The vanadium specimen had nominal purity of 99.8%,
niobium better than 99.92% and tantalum 99.91%. Typical analyses of these
three metals are given in S t a n i m i r o v i ã et al. (1999), M a g l i ã et al.
(1994) and M i l o š e v i ã et al. (1999), respectively. All specimens were me-
asured as received, without additional thermal treatment.

Upper temperature limits were 1900 K for vanadium, 2500 K for niobi-
um, and 2300 K for tantalum.
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3. RESULTS

In order to increase statistical significance of final specific heat and elec-
tric resistivity functions, measurements of each material were effected in a se-
ries of experiments. Number of experiments was limited by the number of
available specimens, and their deterioration in experimenting. All experiments
were eventually fitted by smooth functions of specific heat and electric resisti-
vity. The maximum temperature in different experiments varied, some of them
approaching respective melting points, however, care was taken that softening
should not affect original specimen geometry. In absence of reliable informa-
tion on thermal expansion of the three investigated metals, data obtained for
specific heat and electric resistivity were not corrected for this effect.

3.1. Vanadium

Specific heat and electric resistivity of vanadium were measured in seven
experiments in which maximum temperatures ranged between 1898 K and
1933 K. Each of these seven experiments was represented by smooth functions
of specific heat and electric resistivity. Deviations of specific heat data in indi-
vidual experiments from corresponding final fitted functions were about �1%
at 400 and 1700 K, and about �0.5% in the middle of the range. Similar,
somewhat smaller deviations were observed in electric resistivity.

3.1.1. Specific Heat

The final fit representing specific heat from all experiments is given by

c xT x T xp 467 66045 016172 1 06976 10 531187 104 2 8. . . . T 3 (6)

Figure 2 presents our specific heat data, together with the literature low-
-temperature data of B i e g a n s k i and S t a l i n s k i (1961) and A n d e r -
s o n (1936), and the data above room temperature of F i e l d h o u s e and
L a n g (1961), G o l u t v i n and K o z l o v s k a y a (1962), B e n d i c k and
P e p p e r h o f f (1982), J a e g e r and V e e n s t r a (1934), and C e z a i r -
l y i a n et al. (1974). Two low-temperature data sets which both were obtai-
ned by adiabatic calorimetry extend to 340 K, and are in perfect agreement
with each other (only data points above 160 K are contained in Figure 2). Our
results join them at their maximum temperature. The B e n d i c k and P e p -
p e r h o f f (1982) data obtained with high-temperature adiabatic calorimetry
at their lowest limit (335 K) lie somewhat lower, joining ours in the range be-
tween 367 K and 1125 K. Above 1125 K they start to lag, as their maximum
temperature of 1690 K difference reaches 6.3%. Figure 2 does not show all in-
dividual data points of Bendick and Pepperhoff as their density might over-
crowd the diagram, so only values at intervals of about 20 to 30 K are presen-
ted. The function of C e z a i r l i y a n et al. (1974) which extends from 1500
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to 2100 K is identical with ours, lying less than 2% above. Data sets of J a e -
g e r and V e e n s t r a (1934) and F i e l d h o u s e and L a n g (1961) com-
puted from enthalpy measured by drop (metal-block) calorimetry agree with
our results at lower temperatures. With increase of temperature the former fol-
lows mild parabolic, and the latter linear law. Both of them reach their maxi-
mum values at 1880 K, about 10% above our function. Data of G o l u t v i n
and K o z l o v s k a y a (1962) (also obtained by metal-block drop calorime-
try) deviate from all others.

3.1.2. Electric Resistivity

Figure 3 contains available electric resistivity data, which include our re-
sults represented by function

� 3 44821 10 7 03044 10 8 84268 108 10 14 2x x T x T. . (7)

and the data of C e z a i r l i y a n et al. (1974), P e l e t s k i i (1978) and
B i n k e l e (1986). In the diagram are also included.

Comparison between electric resistivity provided by the manufacturer
amounting to 19.6 ��	cm at 373.15 K, and our measurements of 21.3 ��	cm

10
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made at the same temperature before pulse experiments with stationary state
four-probe-current-reversal method (M a g l i ã et al., 1995/1996) indicates that
the specimen was not initially in an annealed state. Furthermore, the difference
of 3% in our stationary four-probe measurements before the first and after the
last of the pulse experiments suggests gradual increase of room temperature
electric resistivity due to comparatively high cooling rates inducing changes in
the metal structure. Results of B i n k e l e (1986) for vanadium purchased
from the same manufacturer with the same declared purity, lie about 7% be-
low our values at 300 K, this difference to be reduced to 1% at 1300 K. Data
of P e l e t s k i i (1978) at room temperature lie about 7% below these of
B i n k e l e (1986), this difference to be reduced to 2% at 1300 K. Data of
C e z a i r l i y a n et al. (1974), which start from 1500 K, lie close to our and
Peletskii's data.

3.2. Niobium

With the niobium specimen, a total of 32 experiments were performed, in
which maximum temperatures, heating rates, thermocouple types and thermo-
couple wire diameters varied. Twenty-four experiments in which Pt 10% Rh/Pt
thermocouple were used confined measurements to the range below 1800 K,
and 8 with W 5% Re/W 26% Re thermocouple exceeded 1800 K.

11
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For final processing, 9 experimental data sets were taken, 6 of them obta-
ined with PtRh type and 3 with WRe thermocouples. Selection of data sets
was based on the quality of primary information contained in their temperature
records, primarily low noise.

3.2.1. Specific heat

Nine individual data sets with their maximum temperatures between 1300
K and 2500 K were averaged by cubic spline fits, to be represented by an in-
terpolated specific heat function

c x T x T xp 267 099 2 69165 10 6 72079 10 7 28962 102 7 2. . . . 9 3T (8)

which is presented in Figure 4. Individual data sets, which are not shown in
the diagram, were confined within a zone �1.7% at widest, the biggest diffe-
rence being at lowest temperatures. Between 1000 and 2000 K these margins
were about �1%.

Beside this function, Figure 4 contains medium temperature range data of
N o v i k o v , R o s c h u p k i n and M o z g o v o i (1981); widest temperature
range data of K i r i l l i n , S h e i n d l i n and C h e k h o v s k o i (1965) and

12
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S h e i n d l i n , B e r e z i n and C h e k h o v s k o i (1972); and the high tem-
perature data of K r a f t m a k h e r (1963), C e z a i r l i y a n (1971b), M o z h a -
r o v and S a v v a t i m s k i i (1981) and R i g h i n i , R o b e r t s and R o -
s o (1985). Between 500K and 1800K our results show good agreement with
these of N o v i k o v et al. (1981), K i r i l l i n et al. (1965) and S h e i n -
d l i n et al. (1972), of which the first used adiabatic calorimetry and the other
two levitation drop calorimetry. Agreement is also good with R i g h i n i et
al. (1985) high temperature pulse calorimetry data in this range. Above 1800
K our results lie between these of Kirillin et al. (1965) and S h e i n d l i n et
al. (1965), somewhat closer to the former. Below them are data of R i g h i n i
et al. (1985) lying about 4%, and C e z a i r l i y a n (1971b) 5 to 7% lower.
After K r a f t m a k h e r (1963) data obtained with equivalent-impedance mo-
dulation technique are corrected, they agree with the data of Cezairliyan
within 1%. Like R i g h i n i et al. (1985), C e z a i r l i y a n (1971b) used the
high-temperature (pyrometric) variant of pulse calorimetry.

According to communication from the author (K r a f t m a k h e r , 1994),
relatively low position of his specific heat function results from using R e i -
m a n n and G r a n t (1936) values for temperature derivative of electric resi-
stivity, dp/dT in computing his specific heat data. Namely, in the method he
applied, C/(d�/dT) values are measured directly. If instead of R e i m a n n
a n d G r a n t (1936) much more recent data of R i g h i n i et al. (1985) are
used, reported specific heat values of Kraftmakher would shift upward be-
tween 4 and 6%.

Figure 4 also contains data of M o z h a r o v and S a v v a t i m s k i i
(1981) going to very high temperature obtained by the exploding wire tech-
nique. Two lowest data points in this set evidently belong to the lower ex-
treme in their temperature measurement range, and should not be taken with
full significance. Above 2200 K they join data of C e z a i r l i y a n (1971b),
both sets joining function of S h e i n d l i n et al. (1972) at about 2500 K. The
Russian Standard Reference Data for specific heat of niobium (GSSSD, 1988)
are also presented.

3.2.2 Electric resistivity

Deviation of individual points from smoothed curves obtained by spli-
ne-fit averaging did not exceed �0.1%. The final electric resistivity function

� 5 63406 10 1 98177 10 6 26790 10 7 74 7 2 11 3. . . .x T x T x T 0301 10 15 4x T (9)

is presented in Figure 5 and it represents an average of 9 measurements, which
all fall within 0.67% margins. After the final pulse experiment, the specimen
electric resistivity was measured using stationary four-probe-with-current-re-
versal technique. It amounted to 0.1506 ��m at 293 K, comparing well with
0.1497 ��m extrapolated from function (9) to the same temperature. Literature
data for 293 K range from 0.146 to 0.169 ��m (M o z h a r o v and S a v v a -
t i m s k i i , 1981).
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Figure 5 presents also data of R i g h i n i et al. (1985), C e z a i r l i -
y a n (1971b), T y e (1961), N e i m a r k and V o r o n i n (1968), A b r a -
h a m and D e v i o t (1972), P e l e t s k i i (1977), M o o r e et al. (1980)
and B i n k e l e (1986). The Abraham and Deviot data refer to high purity ni-
obium (1972), and the GSSSD (1988) data points represent the data recom-
mended for specific heat of niobium (1977).

Agreement between our results and these of R i g h i n i et al. (1985),
B i n k e l e (1986), GSSSD (1988) and C e z a i r l i y a n (1971b) is remarka-
ble. Data of N e i m a r k and V o r o n i n (1968) exceed the former group by
about 1.5%, and these of T y e (1961) are systematically higher, between 9 to
5% following increase of temperature.

3.3. Tantalum

A total of 40 experiments were made on the tantalum specimen. With he-
ating rates typical for this group of metals presence of axial heat losses was
registered, so they were increased until during experiment temperature stayed
uniform along the whole effective length. This limited the length of experi-
ments to 1000 ms. For the two specimen lengths, 200 and 110 mm, the effec-
tive specimen lengths were 30 mm and 20 mm, respectively. The experiments
covered the range between room temperature and about 2300 K.
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Like in the case of vanadium and niobium, individual measurements re-
sulted in continuous sets of specific heat and electric resistivity data, covering
the whole, or a part of the above temperature range.

3.3.1. Specific Heat

Compared with the final function obtained by the least squares fit

c x T x T x Tp 134 64 2 7981 10 1 5971 10 58259 102 5 2 9 3. . . . (10)

individual specific heat measurements were within �3% margins. At about
2300 K their scatter increased to �5%.

According to the Dulong-Petit law, above the Debye temperature which
for tantalum lies at about 230 K, specific heat should enter a range of satura-
tion changing magnitude within next 2000 K by mere 30%. At elevated tem-
peratures, however, our experimental results exceeded such prediction, adding
an upswing of specific heat function above 1200 K. This was observed also by
T a y l o r and F i n c h (1964), L o w e n t h a l (1963) and R a s o r and
M c C l e l l a n d (1959). Results of C e z a i r l i y a n et al. (1971) starting
above 1900 K also join the set. L o w e n t h a l (1963) and R a s o r and
M c C l e l l a n d (1959) attributed this upswing to electronic contribution to
specific heat, R a s o r and M c C l e l l a n d (1959) also to thermal formation
of lattice imperfections at high temperatures, and T a y l o r and F i n c h
(1964) to other possible causes. Results of other authors investigating vanadi-
um, niobium and other refractory metals, as well as our measurements of mo-
lybdenum (M a g l i ã et al., 1997), confirm such a behaviour. In his treatise
on vacancy formation in niobium, K r a f t m a k h e r (1963) attributed such a
positive contribution of specific heat to this phenomenon.

Figure 6 compares our results with 8 available sets of literature data,
agreement among them depending on the temperature range. In the range to
700 K our results were about 3% above T a y l o r and F i n c h (1964),
L e h m a n (1970) and K u l i s h and P h i l i p p o v (1978), and about 2%
below these of R a s o r and M c C l e l l a n d (1959). Data of S t e r r e t t
(1970) cover only the narrow lower part of the medium temperature region,
their mean value laying on our curve. Above 700 K, agreement is fair with
these of T a y l o r and F i n c h (1964), L o w e n t h a l (1963), R a s o r
a n d M c C l e l l a n d (1959) and C e z a i r l i y a n et al. (1971c). Above
2000 K, our and T a y l o r and F i n c h (1964) results deviate somewhat
higher to exceed the former three by 2.2% at 2300 K. Except for linear func-
tion of H o c h and J o h n s t o n (1961), which starts from our function at
1300 K and changes little with temperature, all results fall within a belt �5%
wide. Anomalous dependence of H o c h and J o h n s t o n (1961) might be
attributed to the type of polynomial used to interpret their high-temperature
enthalpy data. If instead of second order polynomial another type had been
chosen, its character would have been different.
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It is interesting that various specific data discussed in the foregoing have
been obtained with very different measurement techniques. They include three
variants of thermometry in the pulse heating method: thermocouple in our
study, high-speed pyrometry in C e z a i r l i y a n et al. (1971c), and specimen
resistance in T a y l o r and F i n c h (1964) and R a s o r and C l e l l a n d
(1959). L o w e n t h a l (1963) and K u l i s h and P h i l i p p o v (1978)
used two different methods based on temperature oscillations. The method of
mixtures was used by S t e r r e t t (1970) and H o c h and J o h n s t o n
(1961), the latter being high-temperature variant of vacuum drop calorimetry.

3.3.2. Electric Resistivity

Individual electric resistivity data sets deviated ±3% at 300 K and about
±2% in the rest of the range from the final single function

� 1 03 10 51923 10 6 3911 10 51236 18 10 14 2. . . .x x T x T x 0 18 3T (11)

In Figure 7 our results are compared with the data of T y e (1961), N e -
i m a r k and V o r o n i n (1968), B i n k e l e (1985), C e z a i r l i y a n et al.
(1971), D e n m a n (1969) and T a y l o r and F i n c h (1963). All results
except these of N e i m a r k and V o r o n i n (1968) start from the same ori-
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gin near room temperature, to begin to split above 1200 K. Data of T y e
(1961) and our function follow a somewhat steeper function compared with
the other, which join N e i m a r k and V o r o n i n (1968) data. At room
temperature, the latter are higher positioned than the rest. At 2300 K the diffe-
rence between our function and the group amounts to 2.5%.

Before the first and after the last pulse experiment, room temperature
electric resistivity was measured by the stationary state four-probe-current-re-
versal method.

4. DISCUSSION

In analysing reliability of data of various authors, primary weight was put
on experimental methods used for their obtaining in different temperature regi-
ons. In the region below room temperature adiabatic calorimetry provides very
reliable results, as illustrated by the low-temperature data of B i e g a n s k i
and S t a l i n s k i (1961) and A n d e r s o n (1936). Above room temperature
use of particular methods may lead to systematic errors, either arising from
their inadequacy for studying particular phenomena or from incorrect interpre-
tation of measured data.

Experiments using method of mixtures give as primary outcome enthalpy
data, which must be sufficiently numerous for adequate fitting with polyno-
mial which will be differentiated to give specific heat function. The minimum
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number of enthalpy data is taken to be 10, but much more are necessary for
better accuracy of specific heat results, implying that temperature interval over
which enthalpy measurements are made has to be sufficiently large. Accuracy
of enthalpy data is further complicated by uncertainty in determining initial
specimen temperature before it has been dropped. It is usually established by
measuring temperature of the furnace in which specimen is held assuming they
are identical, what does not have to be the case. Selection of polynomials for
interpretation of enthalpy data introduces an additional difficulty, as distri-
-bution of enthalpy data (in absence of singularities) usually follows a gene-
ral tendency similar to parabolic. Therefore, in order to identify delicate in-
formation contained in enthalpy vs. temperature function many data points
are needed, and for selecting proper interpolating function, much experience
and knowledge of the nature of specific heat is necessary (D o u g l a s and
K i n g , 1968). Having above in mind, the levitation calorimetry should be
most reliable of all variants of method of mixture, as it involves large temper-
ature intervals and many data points and the sample temperature can be mea-
sured directly with pyrometer (K i r i l l i n et al., 1965; S h e i n d l i n et al.,
1972).

As far as adiabatic calorimetry is concerned, its reliability decreases with
temperature increase, predominantly due to difficulties in maintaining adiabatic
conditions between the specimen and adiabatic shields under intensive radia-
tion heat exchange.

Pulse calorimetry should offer most, as it avoids the pitfalls of long expo-
sure of specimen to elevated temperatures and undesirable or uncontrollable
heat exchange. The original variant based on fast pyrometric temperature mea-
surement (C e z a i r l i y a n , 1971a) has given many valuable results in terms
of specific heat, heats of fusion, and melting points of high temperature mate-
rials. Its deficiencies are that the lowest operating temperature is limited to
1500 K, and that thermal expansion of the specimen during experiment is
blocked. In order to maintain position of the aperture in the specimen repre-
senting black-body cavity, the specimen has to be clamped within firm, massi-
ve sample holder. A similar apparatus operates at the IMGC1 (R i g h i n i et
al., 1972) with an advantage of having lower operating limit of 1000 K.

In the contact thermometry variant we used, the main source of uncerta-
inty is due to heavy DC current passing through the specimen during measure-
ments. A simple way to check the quality of thermometry is by checking the
accuracy of electric resistivity measurement, as the specimen electric resistiv-
ity is used to compensate for interference from the presence of the heavy DC
flow. If electric resistivity/temperature function is accurately determined, spe-
cific heat data will be accurate too (D o b r o s a v l j e v i ã and M a g l i ã ,
1989). This variant of pulse calorimetry has also proved convenient for study-
ing phase transitions in all types of metals.

Instead of conclusions, on the basis of the presented specific heat data
and in the light of the foregoing discussion, certain recommendations could be
given for specific heat functions of metals of the V A group. Electric resistiv-
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ity, which is in many ways easier to measure should not be considered in a si-
milar way, as this property is extremely sensitive to the presence of minute
impurities and the state in which its structure is found. So meaningful compar-
isons can be made only between measurements performed on specimens with
the same chemical composition and in the same physical state.

Specific heat of vanadium could follow from 400 K on character of our
function, to be continued from 1900 K to 2100 K according to the function of
C e z a i r l i y a n et al. (1974). Junction to the low-temperature data of B i e -
g a n s k i and S t a l i n s k i (1961) and A n d e r s o n (1936) near room
temperature should be made in accordance with the nature of specific heat in
this region. Alternately, as the function of C e z a i r l i y a n et al. (1974) lies
less than 2% above ours, the final curve could be fitted to pass above 1500 K
between these two data sets.

To define specific heat of niobium, all data except GSSSD (1988) and
the lowest two data points of M o z h a r o v and S a v v a t i m s k i i (1981)
could be used. The GSSSD data are left out because they already result from
another fitting procedure. The K r a f t m a k h e r (1963) experimental data
should be used after correction according to author's suggestion discussed be-
fore (K r a f t m a k h e r , 1994) i.e. to coincide with the data of R i g h i n i et
al. (1985). Care should be taken to join our function to the low-temperature
data by a logical, smooth function.

In defining specific heat of tantalum, virtually all data could be used ex-
cept these of H o c h and J o h n s t o n (1961) for reason discussed before.
Care should be taken again about junction to the low-temperature data near ro-
om temperature.
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TERMOFIZIÅKE I ELEKTRIÅNE OSOBINE ELEMENATA ¢ A GRUPE
POMOÃU MILISEKUNDNE IMPULSNE KALORIMETRIJE

Kosta D. Magliã
Institut za Nuklearne nauke „Vinåa",

Laboratorija za termotehniku i energetiku
Poštanski fah 522, 11001 Beograd, Jugoslavija

Rezime

Poåetkom osamdesetih u Institutu za Nuklearne nauke „Vinåa" uvedena je
za izuåavawe specifiåne toplote i elektriåne otpornosti åvrstih elektriå-
nih provodnika varijanta impulsne kalorimetrije sa milisekundnom rezoluci-
jom. Tokom proteklog perioda metoda je usavršena da se moÿe koristiti u me-
rewima od sobne temperature do 2500 K, s tim da je na istim uzorcima u toku
istih merewa omoguãeno da se iznad 1300 K mere i hemisferna totalna i nor-
malna spektralna emisivnost. U radu su obraðeni rezultati koji su dobijeni
izuåavawem åistih elemenata ¢ A grupe: vanadijuma, niobijuma i tantala, sa
osnovnim ciqem da se obezbede pouzdani podaci o wihovim termofiziåkim
osobinama u najširem opsegu iznad sobne temperature, dajuãi time doprinos
ustanovqavawu wihovih meðunarodno preporuåenih funkcija. Prikazani su i
dobijeni literaturni podaci.
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ELECTRONIC SPECTRA AND CRYSTAL STRUCTURE OF
1-METHYL-3-PHENYL-6,7 DIMETHOXYISOQUINOLINE

ABSTRACT: 1-methyl-3-phenyl-6,7-dimethoxyisoquinoline has been prepared by Pic-
tet-Games reaction in order to prove its real structure i.e. to exclude the possibility of aryl
migration found by B i n d r a et al. (1968) in the case of the cyclization of some iso-
quinolines. In order to achieve a better understanding of the molecule's features and to esta-
blish the possible migration of the aryl group, we have performed a study of its crystal
structure by X-ray diffraction method and correlated it with absorption (at 293 K), exci-
tation and luminescence spectra of compound in solution and fluorescence spectra in micro-
crystalline state at 293 and 77 K. Based on the absorption spectra it could be concluded that
the phenyl substituent was bonded to position 3. The analysis of emission and excitation
spectra in the solution and emission spectra in the microcrystalline state attested of large
planarity of the molecule in the solid solution and crystalline environment. The great simila-
rity of the spectra in the n-hexane solid solution and microcrystalline state led to the conclu-
sion that no strong intermolecular interactions existed in the crystalline state. The X-ray
analysis verified the formation of the desired and not of the aryl-migrated structure. The
analysis of the molecule packing indicated that the planar molecules joined into pairs pro-
bably due to charge transfer. The layers formed by the pairs interacted only through van der
Waal's contacts.

KEY WORDS: Electronic spectra (absorption, luminescence), isoquinoline, X-ray
crystallography

INTRODUCTION

Earlier we published the synthesis of some 3-aryl-6,7-dimethoxyisoquino-
lines (S i m o n and T a l p a s , 1974). The intermediaries of these compounds
were 2-(3,4-dimethoxyphenyl)-1-phenyl (or substituted phenyl)-N-formyl (or
acetyl) ethanolamine (1). The cyclizations were performed according to the
Pictet-Games isoquinoline synthesis and the derivatives obtained were inter-
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preted as 3-aryl substituted ones (Scheme 1). Analogous intermediaries were
cyclized by B i n d r a et al. (1968), to furnish 3-phenyl- (2), 1-methyl-3-phe-
nyl- (3) and 1-methyl-3-phenyl-6,7-methylenedioxy isoquinolines. Unexpect-
edly they isolated a component which they claimed to be a 4-aryl derivative
owing to an aryl migration. This assumption was based on the results of the
analysis of the melting points of the synthesized compounds and their UV, IR
and NMR spectra in solution. In order to prove our earlier interpretation,
cyclizations of derivatives were repeated with polyphosphoric acid and phosp-
horylchloride (Scheme 1). The solvent of the crystallization was invariably et-
hanol, as in our case.

In order to achieve a better understanding of the molecule's features and
to establish the possible migration of the aryl group, we have performed a
study of its crystal structure by X-ray diffraction method and correlated it with
absorption (at 293 K), excitation and luminescence spectra of compound in so-
lution and fluorescence spectra in microcrystalline state at 293 and 77 K.

MATERIALS AND METHODS

1-methyl-3-phenyl-6,7-dimethoxyisoquinoline was synthesized by aroma-
tization of 1-methyl-3-phenyl-3,4-dihydro-6,7-dimethoxyisoquinoline obtained
by the Bischler-Napieralski ring-closure (Scheme 1). The melting point 149—
151°C was in the same region as in the previous work of S i m o n and T a l -
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p a s (1974). For spectroscopic measurements, the examined compound was
recrystallized from ethanol. The solvents used were of analytical purity and
the solution concentrations were 10—5 —10—2 mol dm—3.

The absorption spectra were measured on a Zeiss VSU-1 spectrophoto-
meter. The luminescence and excitation spectra were recorded on an Amin-
co-Bowman spectrophotofluorometer with an off-axis ellipsoidal mirror con-
densing system. A round quartz cuvette (
 1 mm) was used for the solutions
as well as for microcrystalline samples at both, room temperature and 77 K.
All presented spectra were corrected for the spectral response of the equip-
ment. The positions of the vibrational maxima were determined with experi-
mental error of �1 nm. The infrared spectra were registered by a Zeiss IR
spectrophotometer Specord 75.

The colorless transparent single crystals, of irregular shape, dimensions
0.50 x 0.25 x 0.20 mm and very poor quality, were examined by X-ray dif-
fraction method in air conditions. Cell parameters (Tab. 1) were determined by
least-squares refinement of diffractometer angles. Intensities of reflection were
recorded on a Simens R3m/V diffractometer equipped with CuKp (� = 1.54178
Á) radiation monochromated by highly oriented graphite crystal and using a �
scan in the range 3.0 < 2 < 110.0°. Three standard reflections were monitored
every 97 reflections with intensity variation Rint = 0.043. A total of 2836 re-
flections were recorded with Miller indices —1 h 10, —1 k 28 and —12 l 1,
merged to 1831 independent (unique) reflections. Data were corrected for Lo-
renz and polarization effects and not for absorption.

Tab. 1. X-ray crystallographic data

Crystal data

Empirical formula C18H17NO2

Color; habit Colorless, chunk
Crystal size (mm) 0.50 x 0.25 x 0.20
Crystal system Orthorhombic
Space group Pbca

Unit cell dimensions
a = 9.452(2) Á
b = 26.356(2) Á
c = 11.782(2) Á

Volume 2935.1(8) Á3

Z 8
Formula weight 279.3
Density (calc.) 1.264 Mg/m3

Absorption coefficient � 0.657 mm–1

F (000) 1184
Data collection

Temperature (K) 296
Index ranges –1� h �10 –1� k �28 –12� l �1
Reflections collected 2836
Independent reflections 1831 (Rint = 4.30%)
Observed reflections 1398 (F > 3.0 �(F))
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Solution and refinement

Refinement method Full-matrix least-squares
Quantity minimized w(Fo—Fc)2

Extinction correction � = 0.0030(10), where F* = F[1 + 0.002�F2/sin(2�)]–1/4

Weighing scheme w–1 = �2(F) + 0.0047F2

Data/restraints/parameters 1398/68/191
Final R indices (obs. data) R = 6.72%, wR = 10.27%
R indices (all data) R = 9.83%, wR = 14.70%
Goodness-of fit 1.25
Largest and mean �/� 0.001, 0.000
Largest difference peak and hole 0.37 eÁ–3, –0.33 eÁ–3

The structure was solved by direct method using Siemens SHELXTL
PLUS (VMS) (S h e l d r i c k , 1991). The positions of the non-hydrogen at-
oms were refined anisotropically up to the final R-factors R = 0.0672 listed in
Table 1. The hydrogen atoms were generated from an assumed geometry and
refined in riding mode with fixed isotropic displacement parameters (U =
0.080 Á2). Scattering factors were taken from SHELXTL. A list of structure
factors and anisotropic displacement parameters for the non-hydrogen atoms
and hydrogen atomic positions are available from one of the authors (A. Ka-
por, R. Willett) on request.

RESULTS AND DISCUSSION

Spectroscopic measurement

The absorption of 1-methyl-3-phenyl-6,7-dimethoxyisoquinoline was me-
asured at room temperature in several solvents. The shape and position of ab-
sorption bands depended little on solvent nature. The absorption spectra in di-
lute n-hexane solution are presented in Figure 1 (curve 1). The three absorp-
tion bands, identified as 1Bb, 1La and 1Lb, had maxima at 260, 298 and 339 nm
and molar absorptivities � = 4667, 1890 and 210 m2mol—1, respectively. The
comparison with corresponding bands in isoquinoline absorption spectrum
shows that 1Lb band (S0 � S1), although not well resolved, was red-shifted
with respect to that of isoquinoline and its vibrational structure has vanished.
1La band (S0 � S2) was also red-shifted and considerably intensified. Still, the
most characteristic feature of the spectrum was a large red-shift (about 7000
cm—1) of 1Bb band (S0 � S3) with respect to isoquinoline one, which indicated
the extension of the conjugated system in the longitudinal direction and strong
interaction of phenyl ring with isoquinoline nucleus. This spectrum is in good
correlation with absorption spectra of 2-phenylnaphtalene (F r i e d e l and
O r c h i n , 1951), but not with those of 1-phenylnaphthalene, where there was
a steric hindrance of planarity. This led to a conclusion that the phenyl ring in
the examined molecule was in position 3, as confirmed by the X-ray crystal
analysis.
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The emission and excitation spectra of the examined molecule were mea-
sured in liquid solutions at room temperature and in solid solutions at 77 K.
At room temperature, the position and shape of the fluorescence spectrum de-
pend weakly on the solvent nature and concentration. So the structureless fluo-
rescence spectrum with maximum at about 370 nm in ethanol and dioxane
stayed practically unchanged when increasing the concentration up to 10—2

mol/dm3, which indicated that there was no excimer formation. In dilute
n-hexane solution, a slightly structured fluorescence spectrum appeared with
maximum at 364 nm (Figure 1, curve 2). The corresponding fluorescence exci-
tation spectrum (Figure 1, curve 3) correlated well with the absorption spec-
trum, as in band positions so in relative intensities of the bands, which confir-
med that the registered fluorescence originated from the examined compound.
In ethanol glass solution at 77 K, fluorescence spectrum was decomposed into
several vibrational bands with maxima at 347, 362, 379 and 402 nm and also
there appeared phosphorescence in the visible region. The relative intensities
of the fluorescence vibrational bands depend on concentration.

The luminescence and excitation spectra in solid n-hexane solution exhib-
ited expressed vibrational structures (Figure 2), which indicated a high degree
of planarity of the examined molecule (B e r l m a n , 1971). However, since
its structure is not rigid, due to a single bond between the isoquinoline nucleus
and phenyl ring, the planarity at room temperature was disturbed and the vi-
brational structure was blurred. The intensity of the 0—0 fluorescence band
(343 nm) decreased as the concentration increased, as a result of self-absorp-
tion. This effect was also registered in the fluorescence spectra of isoquinoline
and 3-methylisoquinoline (J a n i ã and K a w s k i , 1973). The fluorescence
vibrational bands with maxima at 343, 360, 380 and 401 nm constituted the
progression of vibration with the frequency of 1400 cm—1 (curve 1). Besides
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that, there also appeared vibrations with frequencies of 400 and 900 cm—1. In
the phosphorescence spectrum (curve 2), vibrational bands with maxima at
483 (0—0 transition), 502, 524, 546 and 572 nm formed the progression with
the frequency of 800 cm—1 and there also appeared vibrations with frequencies
200, 450 and 1400 cm—1. The frequency values of the basic vibrations in the
ground electron state of the examined molecule obtained by luminescence
spectrum agreed well (within the limits of experimental error) with those (413,
787, 893 and 1380 cm—1) in the infrared spectra of the examined compound in
CCl4 solution and KBr disk, which were registered in the region above 400
cm—1. The values of 200 and 450 cm—1 could be correlated with frequencies
of 183 and 460 cm—1, which appears in Raman spectrum of isoquinoline
( K a w s k i et al., 1977).

The narrow vibronic bands in the excitation spectrum (curve 3) made
possible to determine the 0—0 transitions in the individual electronic bands
1Lb, 1La and 1Bb, which were 341, 316 and 270 cm—1, respectively. The fre-
quency of about 1400 cm—1 was obtained for the most intense vibration in all
three electronic absorption bands of the molecule, which correlated with the
values of 1390.5 and 1406.5 cm—1 obtained from the quasi-linear absorption
spectra of isoquinoline and 3-methyl-isoquinoline, respectively (K a w s k i et
al., 1977).

1-methyl-3-phenyl-6,7-dimethoxy-isoquinoline in microcrystalline state ex-
hibited intensive fluorescence, but phosphorescence was not registered, even at
77K. The fluorescence spectrum was structured already at room temperature
and partially at low temperature (Figure 3), with vibrational maxima very clo-
se in position to that of the molecule in solid n-hexane solution:

microcrystal [nm] — , 348, 353, 359, 365, — , 379 …

n-hexane solution [nm] 343, 348, 354, 360, 366, 372, 380 …
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solution (4 	 10—5 mol dm—3) at 77 K



(The values in bold correspond to the vibrational bands which constitute the
progression). A comparison of relative band intensities in the short-wave part
of the fluorescence spectrum of the microcrystalline sample with those in

n-hexane solid solution of higher concentrations, indicates the presence of in-
tensive self-absorption in the microcrystalline state. As a result, the first
short-wave vibrational band, which corresponds to 0—0 transition, was absent
(see above). It was evident that the emission of the examined molecule in
crystalline environment was little altered in relation to that when the molecule
was in a neutral solid solvent such as n-hexane, which indicated a weak inter-
molecular interaction in the crystal.

X-ray crystal structure solution

Fractional atomic coordinates and equivalent isotropic thermal parameters
for non-hydrogen atoms are given in Table 2. Bond distances and bond angles
are listed in Table 3. The solid-state conformation of the molecule is given in
Figure 4. The analysis of bond lengths showed good agreement with theoreti-
cal values. The length of the bond N2-C1 (1.325(4)Á) were indicative of its
double character, while the other bond lengths in the isoquinoline ring indica-
ted the broadening of the scope of �-electron system of the nitrogen atom N2
along the direction N2-C3-C4, which resulted in the shortening of the bonds
N2-C3=1.371(4)Á and C3-C4=1.373(5)Á. The analysis of geometry showed
that the phenyl ring was bonded in position 3 of the isoquinoline ring. The po-
sition of the phenyl ring was stabilized by intramolecular hydrogen close con-
tacts C10-H10… N2 = 2.851(5)Á, H10… N2 = 2.556(3)Á, C10-H10… N2 =
98.1(3)° and C14-H14… C4 = 2.987(7)Á, H14… C4 = 2.731(5)Á, C14-H14…
C4 = 95.8(3)°.

31

Fig. 3. — Fluorescence spectra in microcrystalline state:
(1) at 293 K and (2) at 77 K



Tab. 2. — Fractional atomic coordinates (x104) and equivalent isotropic displacement parameters
(Á2 x 103)

x y z U(eq)

O (1) 794(3) 5288(1) 8898(2) 58(1)

O (2) 2409(3) 5939(1) 9853(2) 66(1)

N (1) 3063(3) 6173(1) 4481(3) 49(1)

C (1) 2293(4) 5864(1) 5118(3) 47(1)

C (3) 3905(4) 6529(1) 4995(3) 46(1)

C (4) 3994(4) 6563(2) 6156(3) 49(1)

C (4a) 3187(4) 6244(1) 6852(3) 45(1)

C (5) 3236(4) 6271(2) 8050(3) 51(1)

C (6) 2435(5) 5950(2) 8696(3) 52(1)

C (7) 1529(4) 5585(2) 8167(3) 46(1)

C (8) 1471(4) 5552(2) 7011(3) 48(1)

C (8a) 2294(4) 5879(1) 6330(3) 43(1)

C (9) 4731(4) 6857(1) 4228(3) 47(1)

C (10) 5146(4) 6685(2) 3157(3) 58(2)

C (11) 5995(5) 6980(2) 2465(4) 68(2)

C (12) 6412(5) 7453(2) 2818(4) 69(2)

C (13) 5987(5) 7635(2) 3854(4) 69(2)

C (14) 5162(5) 7338(2) 4561(4) 62(2)

C (15) 1423(5) 5480(2) 4495(3) 59(1)

C (16) –62(4) 4898(2) 8420(4) 60(2)

C (17) 3204(5) 6325(2) 10426(4) 74(2)

* Equivalent isotropic U defined as one third of the trace of the orthogonalized Uij tensor
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Fig. 4. — ORTEP drawing of the molecule with the non-H atom labeling scheme.
The displacement ellipsoids are draw at 50% probability (J o n s o n et al., 1997)



The molecule as a whole was approximately planar, except for the phenyl
ring which was twisted (N2-C3-C9-C14=154.3(4)°) with respect to the rest of
the molecule. Stronger thermal vibrations were noticed in the O2-CH3 me-
thoxy group and the peripherals of the phenyl ring.

Tab. 3. — Bond lengths (Á) and angles (°)

Bond lengths (Á)
O1 C7 1.355(5) O1 C16 1.424(5)

O2 C6 1.364(4) O2 C17 1.434(6)

N2 C1 1.325(4) N2 C3 1.371(4)

C1 C8A 1.429(5) C1 C15 1.496(6)

C3 C4 1.373(5) C3 C9 1.474(5)

C4 C4A 1.400(5) C4A C5 1.414(5)

C4A C8A 1.420(5) C5 C6 1.367(6)

C6 C7 1.431(7) C7 C8 1.366(5)

C8 C8A 1.411(5) C9 C10 1.397(5)

C9 C14 1.388(6) C10 C11 1.383(6)

C11 C12 1.372(7) C12 C13 1.372(7)

C13 C14 1.384(7)

Bond angles (°)

C7 O1 C16 117.2(3) C6 O2 C17 116.5(3)

C1 N2 C3 119.3(3) N2 C1 C8A 123.3(3)

N2 C1 C15 116.1(3) C8A C1 C15 120.6(3)

N2 C3 C4 121.3(3) N2 C3 C9 116.0(3)

C4 C3 C9 122.7(3) C3 C4 C4A 120.7(4)

C4 C4A C5 122.4(3) C4 C4A C8A 118.5(3)

C5 C4A C8A 119.1(3) C4A C5 C6 120.4(4)

O2 C6 C5 125.4(4) O2 C6 C7 114.2(4)

C5 C6 C7 120.3(4) O1 C7 C6 114.7(4)

O1 C7 C8 125.2(4) C6 C7 C8 120.1(4)

C7 C8 C8A 120.4(4) C1 C8A C4A 116.9(3)

C1 C8A C8 123.4(3) C4A C8A C8 119.7(3)

C3 C9 C10 120.8(3) C3 C9 C14 121.2(3)

C10 C9 C14 118.0(4) C9 C10 C11 120.9(4)

C10 C11 C12 119.9(4) C11 C12 C13 120.2(5)

C12 C13 C14 120.2(5) C9 C14 C13 120.8(4)

The molecular packing into the crystalline lattice along the c-axis is
shown in Figure 5. Although we did not notice any stronger intermolecular
contacts (Table 4), the packing scheme showed the grouping of the molecules
into pairs, probably due to charge transfer. The electron-rich side of the
isoquinoline molecule combined with the opposite side of another symme-
try-transformed isoquinoline molecule in the crystal unit cell. The pairs of mo-
lecules formed chains along the a-axis and these chains were stacked in a zig-
zag manner parallel to the ab-plane.
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Tab. 4. — Selected intermolecular hydrogen close contacts

X — H…Y X — H
[Á]

H…Y
[Á]

X…Y
[Á]

�X — H…Y
[°]

Symmetry
transformation

15-H15…O1 0.954(5) 2.535(3) 3.393(6) 149.7(1) 1/2–x, 1–y, –1/2+z

C16-H16A…O1 0.979(5) 2.466(2) 3.272(5) 140.4(3) –x, 1–y, 2–z

C16-H16A…O2 0.970(3) 2.801(3) 3.732(5) 161.2(3) –x, 1–y, 2–z

The X-ray crystal analysis confirmed the bonding of the phenyl ring in
position 3 as predicted by the analysis of the absorption spectra of the molecu-
les in solution. It was evident that the emission of the examined molecule in
crystalline environment was little altered in relation to that when molecule is
incorporated in a neutral solid solvent such as n-hexane, which indicated the
weak intermolecular interaction in the crystal. Weak intermolecular interaction
was preserved also in the single crystal state, as confirmed by the analysis of
intermolecular contacts in the crystal lattice.
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Rezime

1-Metil-3-fenil-6,7-dimetoksiizohinolin je sintetizovan meto-dom Pik-
tet-Gams reakcije, s ciqem da se dokaÿe stvarna struktura produkta, odnosno da
se iskquåi sumwa u postojawe migracije fenilnog prstena, što je zapaÿeno ra-
nije pri ciklizaciji nekih sliånih derivata izohinolina (B i n d r a et al.
1968). U ciqu boqeg upoznavawa karakteristika navedenog molekula i utvrði-
vawa moguãe migracije aromatiånog prstena, izvršena je analiza kristalne i
molekulske strukture metodom difrakcije H-zraka, a rezultati su uporeðeni sa
informacijama dobijenim na osnovu apsorpcionih spektara (na 273 K), eksita-
cionih i luminiscentnih spektara supstance u rastvoru i fluorescentnih
spektara polikristalne forme na 293 i 77 K. Na osnovu apsorpcionih spektara
zakquåeno je da je fenil grupa vezana u poloÿaju 3 izohinolinskog jezgra. Ana-
liza emisionih i ekscitacionih spektara u rastvoru i emisionih spektara u
mikroskristalnom stawu ukazuje na visok stepen planarnosti molekula u åvr-
stom rastvoru i kristalnom okruÿewu. Velika sliånost spektra u åvrstom ras-
tvoru n-heksana i mikrokristalnom stawu navodi na zakquåak da u kristalnom
stawu ne postoji jaåa intermolekulska interakcija. Analiza pomoãu H-zraka
potvrðuje da je pri sintezi formirana planirana struktura, bez migracije fe-
nil grupe. Analiza pakovawa molekula u kristalnu rešetku pokazuje grupisawe
planarnih molekula u parove verovatno zbog prenosa naelektrisawa izmeðu
�-elektronskih sistema izohinolinskog jezgra. Kod slojeva formiranih od pa-
rova molekula javqa se samo Van der Valsova interakcija.
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MINERALOGY AND AGROCHEMSTRY OF MAGNESIUM
IN SOILS OF VOJVODINA, ŠUMADIJA AND

NORTHERN POMORAVLJE

ABSTRACT: Magnesium is an important element of the biosphere, hydrosphere and
lithosphere. In the biosphere it is an essential macronutrient for plants, animals and humans.
Magnesium deficiency in humans could be linked to the pathogenesis of cancer or it might
be related to sudden cardiac deaths in areas with soft water.

Total contents Mg and Ca were determined in HClO4 + HF digests by AAS method
in selected soil samples, whilst IM NH4OAc extraction was carried out to assess Mg and Ca
bioavailability to plants from different soils. The mineralogy of bulk soil samples was obtai-
ned by XRD analysis, using SIMENS 2 kW diffractometer IN Co K� radiation. The DRX
Win 1.4c (1996) computer package was used to identify and quantify soil mineralogy. All
data obtained were statistically analyzed by computer package STATISTICA for Windows
4.3b (1993). Raster maps showing the distribution of Mg were drawn by computer using
UNIRAS subroutine.

This investigation has shown that the investigated soils have the available Mg content
between 10 and 93 mg/100g, with an average of 40.8 mg/100 g, and thus could be conside-
red as Mg sufficient for plant production. Available Mg is primarily associated with carbo-
nate fraction (dolomite) and to a lesser extent with exchangeable (clay minerals) and silicate
forms (chlorite, mica, amphibole). Total content of Mg varies between 0.20 and 1.26%, with
an average of 0.603%. The Ca/Mg ratio has shown a large scale variation between 2.5:1 and
78.8:1. Only 10% of the soils have Ca/Mg ratio lower then 5:1 or optimal ratio for plant
nutrition, whilst 90% of the soils were found to have the ratio above 5:1 which, in case of
extremely high values, might be a limiting factor in plant growth and might influence an
adequate supply of Mg to animals and humans. This investigation has emphasized a neces-
sity of wider research in soil mineralogy and chemistry of our soils, which are considered as
being sufficient in available magnesium.

KEY WORDS: soil mineralogy, magnesium, calcium, Ca/Mg ratio, distribution maps

37



1. INTRODUCTION

Magnesium is one of the prevalent elements in the earth's crust. It is the
eighth most abundant of the elements and estimates of its content have ranged
from 2.0% to 2.5%. It is an important major constituent of the biosphere, hy-
drosphere and nearly all rock types of the lithosphere. According to R a n k a -
m a and S a h a m a (1950), in the upper lithosphere, magnesium is a lithop-
hile element with biophile tendencies. Average concentrations of magnesium
in the earth's crust, selected rock types, water and soils are listed (L o w t o n ,
1955; V i n o g r a d o v , 1959; M e n g e l , 1979; and U r e , 1982) in Table 1.

Tab. 1 — Abundance of magnesium in various natural environments (104 mg/kg)

Lithosphere 2.5 Sandstone 0.9

Ultra basic rocks 20.4 Marl and clay 2.1

Basic rocks 4.6 Carbonates 4.7

Granites 0.6 Soils 0.6

Shale 1.9 Sea water 0.13

Highest magnesium contents are recorded in the earliest rocks to crystalli-
ze, particularly ultrabasic and basic rocks, peridotites, gabbros and basalts,
while more acid rocks such as granites, granodiorites, trachytes and rhyolites
contain only small amounts of magnesium. Shales and marls contain similar
amounts of magnesium to those found in igneous rocks, while sandstones and
residual sediments in general contain less magnesium. According to R a n k a -
m a and S a h a m a (1950) and G o l d s c h m i d t (1950), the content of
magnesium in sedimentary rocks varies from traces in some sandstones to
3800 mg/kg in limestone, 11000 mg/kg in clays and up to 13% in dolomites.

In the igneous silicate rocks, magnesium is present in the divalent state
associated largely with the ferromagnesian and accessory minerals. Progressive
leaching occurs in the process of weathering. Magnesium is removed from the
zone of weathering as bicarbonate. The solubility and mobility of Mg is relati-
vely high, irrespectively of pH and Eh conditions. The precipitation of dissol-
ved magnesium in the form of carbonates is controlled by pH and Eh of solu-
tion and follows the precipitation of calcium. In the geochemistry of surface
processes of leaching, gleying and surface organic matter accumulation, toget-
her with soil properties such as reaction — pH and redox potential — Eh, af-
fect the distribution, form and mobility of magnesium and calcium in soil.

According to M e n g e l and K i r k b y (1979), in areas with humid cli-
mate, average magnesium content in sandy soils is usually 0.05%, while
clayey soils contain up to 0.5%. Magnesium is a constituent of more than 180
minerals although only sixty can be classed as magnesium-bearing ores. The
most common naturally occurring sources of magnesium are: olivine, pyro-
xene, serpentine, magnesite, dolomite, brucite, as well as biotite and hornblen-
de. It is also constituent of clay minerals such as vermiculite, illite, montmoril-
lonite and chlorite. In some soils it is present as magnesite, MgCO3, or dolo-
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mite, CaCO3MgCO3, while some soils in arid and semiarid regions may con-
tain significant amounts of epsomite, MgSO4 7H2O.

Magnesium in soils occurs in water soluble, exchangeable and non-ex-
changeable forms. There is a constant balance between these three forms. The
greatest part of magnesium is found in residual, non-exchangeable form, bo-
und to primary or clay minerals. The other two forms water soluble and ex-
changeable, are the major sources of available magnesium to plants. The avail-
ability of soil magnesim to plants is controlled by the following factors: amo-
unt of available Mg, soil reaction (pH), CEC, soil texture, type of soil colloids
and the ratio of magnesium to the other elements e.g. Ca and K in soil solu-
tion (H a b y , 1990).

In the biosphere, magnesium is naturally a major essential macronutrient
vital to both plant and animal life (M e n g e l and K i r k b y , 1979). Chloro-
phyll pigment in plants is a Mg-porphyrin complex, and all enzymatic reacti-
ons in animals and man that are catalyzed by ATP require Mg as a co-factor.
Oxidative phosphorylation, DNA transcription, RNA function, protein synthe-
sis and critical cell membrane functions are all dependent upon optimal Mg
concentrations (T h o r t o n (Ed.), 1983).

Magnesium deficiency in humans has been receiving increasing attention.
Several reports indicate that Ca and Mg concentrations in human tissues vary
with the hardness of municipal water supplies (M c M i l l a n , 1978). These
suggest an important geochemical influence. Since cardiac arrhythmias are se-
rious manifestation of Mg deficiency, a hypothesis of sudden cardiac deaths in
geographic areas with soft water (low in Mg content) might be related. Mag-
nesium deficiency has been linked to pathogenesis of cancer both experimen-
tally in animals and epidemiologically in man. Also, there is evidence that Mg
may relate to the formation of kidney stones. According to B l o n d e l l
(1980), there are some evidence that geochemical availability may relate to
human tissue Mg levels, which is essential to the hypothesis that the geochem-
istry of Mg might relate to human disease.

MATERIAL AND METHODS

During large-scale sample collection for a project financed by the Minis-
try of Science and Technology, an orthogonal regular 10 x 10 km grid was
used to avoid bias in site location. From the set of about 5000 samples a col-
lection of samples from Vojvodina, Šumadija and Northern Pomoravlje was
taken to represent the most important soils. 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-quartering
and then ground, to less then 150 mesh, in an all-agate planetary ball-mill. To-
tal concentrations of Mg and Ca in HClO4 + HF digests were determined by
AAS analysis. The 1M ammonium acetate extraction was carried out to assess
the magnesium and calcium bioavailability to plants from different soils.
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The mineralogy of bulk soil samples was obtained by X-ray diffraction
analysis (XRD) of random-packed powder mounts, after they were ground and
freeze-dried. XRD patterns were obtained by using SIMENS 2 kW diffracto-
meter, with iron filtered Co K� radiation. DRX Win 1.4c (1996) computer
package was used to identify and quantify soil mineralogy. Characterization
of minerals in soils was carried out according to the method described in
B r i n d l y and B r o w n (Ed.) (1980) and K l u t e (Ed.) (1986). All data
obtained were statistically analyzed by computer package STATISTICA for
Windows 4.3b (1993).

The classes used to represent the data on the map were chosen from the
box and wiskers analysis. Thus, the map has 5 classes and a raster map show-
ing the distribution of magnesium was drawn by computer using UNIRAS su-
broutine.

RESULTS AND DISCUSSION

Mineralogy of the soils

The mineralogical composition of the bulk samples of the investigated
soils is complex and it is presented in Table 1. The predominance of quartz,
mica, associated with altered feldspars (plagioclase and orthoclase), carbonate
(calcite and dolomite), and minor to trace amounts of chlorite, clay minerals,
hornblende and rare goethite and talc may indicate the mineralogy and variety
of parent rocks e. g. loess, schists, flisch sediments and sandstones. Magnetite,
ilmenite and other accessory minerals (garnets, epidote, apatite, pyroxene) are
found in heavy mineral fractions. Variation in quartz content might reflect
weathering processes that have developed during pedogenesis. The soils with
stronger weathering processes (distric cambisols and luvisols) contain higher
quartz content in comparison to less weathered soils such as fluvisols, rankers
and regosols, on the same and similar parent rocks.

It is evident that the soils from Vojvodina (chernozem, halomorphic soils,
semigleys, humogleys and eugleys) are more abundant in micas and chlorite
compared with the southern soils of Šumadija and Pomoravlje, where eutric
and distric cambisols and luvisols occur, which contain less mica and chlorite.
Further comparison of the northern to southern areas has shown that northern
of Vojvodina (chernozems and semigleys) comprise up to twice higher carbon-
ate contents then southern areas or Šumadija soils (distric cambisols, luvisols
and pseudogleys). In northern areas, dolomite dominates over calcite in semi-
gleys and cernozems, while calcite is more abundant then dolomite in fluvi-
sols, humo- and eugleys. In the southern areas in some eutric cambisols and
some luvisols calcite is only mineral present in the bulk soil, while in others
soil carbonates are absent due to complete leaching as in more acidic distric
cambisols. This trend could be only explained by preferencial leaching of car-
bonates, particularly dolomite, in the areas with high annual precipitation.

The major weathering process in the soil in a wet, slightly acidic environ-
ment involved the disappearance of micas and chlorite from the surface hori-
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zons and their conversion to expandible minerals such as vermiculite and
smectite. The degree of mica and chlorite alteration has correlated with the de-
velopment of brownized and humous varieties of the soils.

Tab. 2 — Average mineral composition (%) of the bulk samples of the investigated soils

Quartz
Plagio-
clase

Ortho-
clase

Chlo-
rite

Mica
+

Illite

Smec-
tite +
Verm.

Mixed
Layers

Kaoli-
nite

Calcite
Dolo-
mite

Goetite

Chernozem 53.8 8.7 0.7 6.0 19.0 0.9 0.3 1.0 4.5 4.9 0.2

Halomorphic
soils 57.3 10.4 0.7 4.7 20.6 0.5 0.4 1.1 1.2 2.3 0.2

Semigley 52.5 8.5 0.6 5.4 19.8 1.8 0.2 1.5 4.3 5.1 0.2

Humo- +
Eugley 52.9 11.2 0.7 5.3 21.7 2.6 0.3 1.7 1.7 1.5 0.3

Fluvisol 51.2 10.4 0.6 5.7 22.4 3.3 0.2 2.2 2.3 1.7 0.2

Pseudogley 67.6 6.4 0.5 4.6 16.5 1.3 1.3 1.1 0.1 0.1 0.1

Eutric
Cambisol 63.5 8.9 0.8 3.7 16.5 2.3 0.2 2.3 0.8 0.2 0.3

Vertisol 70.3 8.8 1.4 2.5 10.8 4.0 0.3 1.1 0.2 0.0 0.3

Distric
Cambisol +
Luvisol

69.1 7.4 0.8 4.7 13.5 2.3 0.3 1.3 0.3 0.0 0.4

Regosol +
Ranker 58.9 6.9 0.8 4.7 18.9 2.5 0.4 1.9 2.5 2.1 0.4

All soils 57.6 8.8 0.7 5.0 18.7 2.0 0.3 1.6 2.5 2.6 0.2

The results of the X-ray diffraction analysis of the clay fraction are pre-
sented in Table 2. It has revealed abundant illite associated with smectites and
mixed layer silicates (MSS) of the illite/smectite (10—14) and chlorite/vermic-
ulite (14—14) types. They are accompanied by minor amounts of vermiculite,
kaolinite, chlorite, quartz, feldspars and rare calcite, dolomite and goethite. A
small amount of talc was detected only in several specimens from luvisols and
rankers developed on Paleozoic schists in Šumadija. The persistence of talc in
fine clay throughout some luvisol profiles could also suggest a high stability
of this mineral within soils in strongly leaching and weathering conditions.

Illite as a weathering product of micas is following their spatial distribu-
tion. It is more abundant in less weathered soils such as chernozem and semi-
gleys, while it is up to twice less abundant in distric cambisols and luvisols,
where strong weathering had occurred during pedogenesis. On the other side
smectites could be inherited from parent rocks as in vertisols formed on lacus-
trine sediments in Šumadija or geochemically developed in highly moist, tem-
porarily flooded or water logged soils such as semi-, humo- and eugleys and
fluvisols in Vojvodina. Vermiculite occurs as an illite and/or chlorite transfor-
mation product in soils with slightly acid weathering conditions such as distric
cambisols, luvisols and pseudogleys. Interstratified minerals of the (10—14)
and (14—14) types are abundant in the soils (halomorphic soils and pseudo-
gleys) where particular weathering occured, indicating initial stages of illite
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and chlorite transformations to either smectite or vermiculite. Kaolinite occurs
either as inherited as an alteration product of feldspar in rankers and regosols
or it occurs as direct weathering product of feldspars in the soils with strong
leaching conditions such as distric cambisols and luvisols.

Agrochemical results

The results of 1M ammonium acetate soluble magnesium extracted from
the soils (A horizon) and within soils are presented in Table 3 and Graph 1.
Spatial distribution of available magnesium content over the investigated area
is presented in agrochemical map in Figure 1.

This investigation has shown that the investigated oils have available
magnesium content between 10 and 93 mg/100 g, with an average of 40.8
mg/100 g. All investigated soils are well-supplied with available magnesium
and could be considered as magnesium sufficient for plant production. It appe-
ars that available magnesium is primarily associated with carbonate fraction
(dolomite) and to a lesser extent with exchangeable (clay minerals) and silicate
forms (mica, chlorite, amphibole).

Two areas can be generally distinguished on the agroecological map. In
the first, soils are formed on recent loess and alluvial sediments, as in Vojvo-
dina and Pomoravlje. In the second, soils are developed on Mesozoic and
Neogene sediments consisting of mudstones, sandstones, flisch and limestones
that run through most of Šumadija.

Tab. 3 — Statistical summary for available magnesium (mg/100 g) classified according to soil
type

Soil types Number of
samples

Interval Average
Mg St. dev.

min max

Ranker, regosol and rendzina 6 13 38 22.8 8.83

Distric cambisol and luvisol 5 23 40 32.4 8.46

Vertisol 5 15 38 26.8 9.36

Cambisol 14 23 70 37.3 12.96

Halomorphic soils 5 25 53 36.8 11.19

Pseudogley 5 10 45 32.8 13.74

Chernozem 20 28 65 41.7 10.00

Semigley 20 20 75 43.4 14.00

Fluvisol 8 22 80 48.0 20.90

Eugley and humogley 12 23 93 57.8 20.62

All analyzed soils 100 10 93 40.81 16.12

Initial soils (rankers and regosols), soils developed on Neogene sediments
such as vertisols, some eutric and distric cambisols and pseudogleys contain
less than the average amount of available magnesium (10—40 mg/100 g). On
the other side, soils formed on loess and alluvial sediments (chernozem, semi-
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Fig. 1 — Agrochemical map of available magnesium
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Fig. 2 — Agrochemical map of total magnesium



gley, fluvisol and humo- and eugleys) are comparatively rich in available mag-
nesium (40—93 mg/100 g).

The results of AAS analysis of total magnesium in the soils (A horizon)
are presented in Table 4. Spatial distribution of total magnesium content over
area and within soils investigated is presented on the geochemical map in Fig-
ure 2.

Total content of magnesium varies between 0.20 and 1.26%, with an ave-
rage of 0.603%. The ratio of available to total magnesium content in soils has
indicated that the greater part (80 to 98%) of magnesium was present in resid-
ual forms bound to the lithogenic fraction. It appears that total magnesium
content is primarily associated with the carbonate fraction (dolomite) as in so-
ils developed on recent alluvial sediments and loess in Vojvodina, to a lesser
extent in silicate forms (mica, chlorite, clay minerals, amphibole), so in soils
formed on Neogene and Mesozoic sediments that run through most of Šumadi-
ja. Exceptions are regosol and rendzina which are formed on parent rocks rich
in carbonates.

Tab. 4 — Statistical summary for total magnesium content (%) classified according to soil type

Soil types Number of
samples

Interval Average
(%) Mg St. dev.

min max

Vertisol 5 0.20 0.52 0.352 0.133

Distric cambisol and luvisol 5 0.32 0.43 0.346 0.052

Pseudogley 5 0.25 0.57 0.422 0.116

Cambisol 14 0.36 0.68 0.476 0.115

Halomorphic soils 5 0.35 0.85 0.568 0.193

Eugley and humogley 12 0.20 1.00 0.614 0.206

Ranker, regosol and rendzina 6 0.39 1.25 0.655 0.333

Chernozem 20 0.25 1.00 0.666 0.176

Fluvisol 8 0.24 1.00 0.740 0.268

Semigley 20 0.26 1.26 0.744 0.264

All analyzed soils 100 0.20 1.26 0.603 0.235

The Ca/Mg ratio of available forms has shown a large scale variation, be-
tween 2.5:1 and 78.8:1. Only 10% of the soils have the Ca/Mg ratio lower
then 5:1 or optimal ratio for plant nutrition, while 90% of the soils were found
to have the ratio above 5:1 which might be a limiting factor for growth of so-
me plants, cause problems in agricultural production and hamper an adequate
supply of magnesium to animals and men.

From statistical correlation analyses it is evident that total magnesium
content is closely correlated with the mica + illite (r = 0.87) and chlorite (r =
0.74) contents as well as to the carbonate — dolomite (r = 0.72) content of the
investigated soils. Available magnesium is also positively correlated with mi-
cas + illite (r = 0.70) and chlorite (r = 0.60) but to a lesser extent to smectite
+ vermiculite (r = 0.33) and dolomite (r = 0.33).

The correlation of total and available magnesium contents with minerals
in the clay fraction has shown slight difference from that for bulk soil mineral-
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ogy. Total magnesium content has revealed a high positive correlation with fi-
ne dolomite particles in the clay fraction (r = 0.72), while available magnesi-
um has shown a slight positive correlation with smectite (r = 0.39) and dolo-
mite (r = 0.38) in all investigated soils.

Analysis of correlation data for specific soils has pointed out semigley as
the only soil with a positive correlation of both total and available magnesium
with dolomite in the bulk soil, while in the clay fraction they are correlated
with clay chlorite. The weathering processes may affect soil mineralogy in the
soils as well as soil mineral correlations with total and available magnesium
contents. Fluvisols, chernozem and eutric cambisols have shown positive cor-
relations among magnesium and micas + illite and chlorite in the bulk soils,
while in the clay fractions magnesium correlated with interstratified minerals,
smectite and vermiculite. Magnesium was correlated with smectite in both
bulk and clay fractions in luvisols, distric cambisols and pseudogleys. Bulk
samples of vertisols, humo- and eugleys have shown magnesium correlations
with chlorite, amphiboles and interstratified minerals of (14—14) type, while
in clay fraction magnesium had positive correlations with illite and interstrati-
fied illite/smectite.

CONCLUSIONS

Magnesium is an important element of the biosphere, hydrosphere and lit-
hosphere. It makes up to 2.5% by weight of the Earth's crust and is invariably
present in all soils. The greatest part of magnesium occurs in the crystal latti-
ces of numerous minerals, which are the main source of magnesium in nature.

In humans biosphere, magnesium is an essential macronutrient for plants,
animals and humans. Magnesium deficiency in humans could be linked to the
pathogenesis of cancer, or might be related to sudden cardiac deaths in areas
with soft water (M c M i l l a n , 1978).

This paper is concerned with the magnesium content in the most impor-
tant soil types of Vojvodina, Šumadija and Northern Pomoravlje.

The available magnesium in the investigated soils is primarily associated
with the carbonate fraction e.g. mineral dolomite (CaCO3 x MgCO3), and to a
lesser extent with the exchangeable (clay minerals) and silicate forms (mica,
chlorite, amphibole). The greatest part of magnesium (80 to 98%) was present
in residual forms bound to the lithogenic fraction.

This investigation has shown that the soils in Serbra contain between
0.20 up to 1.26% Mg, with an average content of_0.603%. The available mag-
nesium content varies between 10 and 93 mg/100 g, with an average content
of 40.8 mg/100 g Mg.

Taking in account both total and available magnesium contents it could
be concluded that the investigated soil contain enough magnesium for proper
plant nutrition. However, magnesium availability is largely determined by the
ratios between available cations Ca and K with Mg.

The Ca/Mg ratio of available forms has shown a large scale variation, be-
tween 2.5:1 and 78.8:1. Only 10% of the soils have the Ca/Mg ratio lower
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then 5:1 which is optimal for plant nutrition. The K/Mg ratio of available
forms is on average 1.1:1, and would not affect magnesium uptake, while the
ratio higher than 4:1 could be considered as a limiting factor for available
magnesium uptake and utilization by plants.

About 90% of the soils were found to have the ratio above 5:1 which
might be a limiting factor for growth of some plants. This could become a
problem in the case of a wide Ca/Mg ratio and when available magnesium
content is near the limit of deficit (< 10 mg/100 g), as well as in the case of
plants sensitive to available magnesium content in soils.

This paper has shown a need for a wider investigation of the chemistry
and mineralogy of soils in Serbia, which are generally considered as well sup-
plied with magnesium. However, deficit of available magnesium in soils com-
bined with high ratios of Ca/Mg and K/Mg could become a limiting factor in
plant physiology, particularly to the plants with high demand for magnesium
and favorable ratios of available cations such as Ca, K, Na, H and Mg.
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Rezime

U radu su analizirani sadrÿaji i distribucija ukupnog i pristupaånog
magnezijuma u zemqištima Vojvodine, Šumadije i severnog Pomoravqa.

Magnezijum je vrlo vaÿan element u graði biosfere, hidrosfere i skoro
svih stena litosfere, gde izgraðuje mnogobrojne minerale, koji su osnovni iz-
vor magnezijuma u prirodi. U biosferi magnezijum je neophodan makrohranqivi
elemenat za biqke, ÿivotiwe i qude. Nedostatku magnezijuma u ishrani qudi
posveãuje se sve veãa paÿwa, jer moÿe da se poveÿe sa patologijom raka i bole-
sti srca u podruåijima sa mekom vodom M c M i l l a n (1978).

Osnovni izvor pristupaånog magnezijuma u našim zemqištima je prven-
stveno mineral dolomit, a u mawoj meri minerali glina i drugi alumosilika-
ti: hloriti, liskuni i amfiboli. Najveði deo (80—90%) magnezijuma u ispiti-
vanim zemqištima je vezan za litogenu — silikatnu frakciju.

Ovo istraÿivawe je pokazalo da zemqišta u Srbiji sadrÿe ukupni magne-
zijum od 0.20 do 1.26% sa prosekom od 0.603%, dok sadrÿaj pristupaånog magne-
zijuma varira izmeðu 10 i 93 mg/100 g sa sredwim sadrÿajem od 40.8 mg/100 g.
S obzirom na sadrÿaje ukupnog i pristupaånog magnezijuma, moÿe se smatrati
da su naša zemqišta sasvim dovoqno obezbeðena ovim elementom, za pravilnu
ishranu biqaka. Meðutim, veliku vaÿnost za pristupaånost magnezijuma imaju
i odnosi pristupaånih katjona kalcijuma, kalijuma i magnezijuma.

Odnos pristupaånog Ca/Mg varira u širokim granicama izmeðu 2.5:1 i
78.8:1. Meãutim. samo 10% ispitivanih zemqišta ima Ca/Mg odnos niÿi od
5:1 t. j. optimalan odnos za ishranu biqaka. Odnos K/Mg je proseåno iznosio
1,1:1, što ukazuje da ovaj odnos neãe negativno uticati na usvajawe Mg. Samo
odnosi veãi od 4:1 uz deficit pristupaånog magnezijuma smatraju se negativni-
ma za usvajawe Mg.

Oko 90% zemqišta ima povišen odnos iznad 5:1, što moÿe biti ograni-
åavajuði åinilac za rast biqaka i prouzrokovati neke probleme u poqopri-
vrednoj proizvodwi i tako uticati na snabdevawe qudi i ÿivotiwa neophod-
nim magnezijumom. Ovi problemi nastaju pri suviše širokim odnosima (Ca/
Mg) i kada je sadrÿaj pristupaånog Mg blizu granice deficitarnosti (< 10
mg/100 g Mg).

Ovo istraÿivawe ukazalo je na potrebu šireg prouåavawa hemije i mine-
ralogije naših zemqišta, za koja je dosada smatrano da su dobro snabdevana
magnezijumom, jer u mawem broju sluåajeva moÿe doãi do poremeãaja u usvajawu
Mg (pri mawoj pristupaånosti Mg, uz poveãawe odnosa Ca/Mg i K/Mg).
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THE ROLE OF PROTON EXCHANGEABLE CALCIUM
IN THE HOMEOSTASIS OF INTRACELULLAR CALCIUM
IN PREFUSED AND LIGATED INTERNODAL CELLS OF

Chara gymnophylla

ABSTRACT: It is known that calcium ions present in the cell wall have some impor-
tant functions related to the structural and mechanical properties of the cell wall, cell
growth, the control of ionic diffusion across the cell wall, the function of membrane tran-
sporters and their own membrane fluxes. However, it seems that so far nobody has investi-
gated the influence of cell wall calcium on its intracellular homeostasis. Internally perfused
and ligated internodal cells of a freshwater alga, Chara gymnophylla, loaded with fura-2
were used to study the effects of removal of proton exchangeable calcium from the cell wall
(by „decalcification") on the intracellular Ca2+ homeostasis. Decalcification of the cell wall
induced an increase of resting Ca2+ level, probably indirectly by reducing the activity of
plasmalemmal proton pump. The decalcification also lowered the relative amplitude of
D2O-induced Ca2+ rise by diminishing the intracellular Ca2+ concentration gradient across
the cell membrane. Beside that, the decalcification reduced the rate of D2O-induced influx
as well as the efflux (in a Ca2+-free external solution) of calcium. This can be explained by
electrostatic interaction of the cell wall calcium with plasmalemmal calcium channels,
which influences the channels in such a way that the lowering of calcium concentration in
the cell wall reduces its activity.

KEY WORDS: Chara, calcium, decalcification, cell wall

INTRODUCTION

The role of calcium in intracellular signal transduction in Characean in-
ternodal cells is discussed for many phenomena such as action potentials (L u -
n e v s k y et al., 1983; P l i e t h e t al., 1998), action of D2O (A n d j u s et
al., 1997, Z i v i c and A n d j u s , 2001), cytoplasmatic streaming (W i l -
l i a m s o n and A s h l e y , 1981), wounds healing (F o i s s n e r , 1998) and
effects of light (P l i e t h et al., 1998). The main source of calcium for the in-
ternodal cells is extracellular solution. But, in contrast to animal cells whose
plasmalemma is in direct contact with extracellular environment, the plasma-
lemma of characean internodal cells, just like in all plant cells, communicates
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with extracellular solution via cell wall. The cell wall of Charophyta acts as a
porous leaky cation exchanger (D a i n t y and H o p e , 1959; G i l l e t and
L e f e b v r e , 1978; G r e e n l e a f et al., 1980), and therefore the ions cros-
sing a cell wall interacts with its negative fixed charges before they penetrate
the plasmalemma. Because of these interactions, cations are selectively absor-
bed by the cell wall and their activity coefficients are altered, which in turn
may affect the transmembrane potential and the electrolyte (e.g. calcium) flow
across the plasmalemma (V a n C u s t e m and G i l l e t , 1982).

Calcium in the cell wall is found to be loosely held in a diffuse double
layer together with other cations and chelated by acid-labile wall bonds. The
chelated calcium, in contrast to that in the diffuse double layer, is not ex-
changeable with monovalent ions even at large concentrations and can be re-
moved from the cell wall only by the removal of calcium from the medium or
by acidification, so it is known as proton exchangeable calcium (G i l l e t and
L e f e b v r e , 1980).

It is shown that calcium ions present in the cell wall have several functi-
ons: they are, to a large extent, responsible for its structural and mechanical
properties and in this way related to cell growth (P r o b i n e and P r e s t o n ,
1962; A r e n s et al., 1972); by influencing the diffusion coefficients, they
participate in the control of ionic diffusion across the cell wall (G i l l e t and
L e f e b v r e , 1978); calcium exerts influence on the function of membrane
transporters (L e o n a r d et al., 1975), and its own membrane fluxes (M a c -
R o b b i e and B a n f i e l d , 1988) by altering the electrostatic field of the
fixed charges. However, nobody so far seems to have investigated the influen-
ce of cell wall calcium on its intracellular homeostasis.

The aim of this paper is to examine the influence of removal of proton
exchangeable calcium from the cell wall of characean internodal cells on the
homeostasis of calcium in resting state as well as on the course of change of
calcium concentration induced by the application of heavy water in the exter-
nal medium.

MATERIALS AND METHODS

Measurements were performed on the giant internodal cells (1—2 cm
long) of the freshwater alga Chara gymnophylla grown in the laboratory. For
the purpose of controlling the cytosolic environment and loading the fura-2
dye, a modified preparation of a perfused and ligated internodal cell introdu-
ced by Tazawa (T a z a w a , 1961) was used. Prior to the experiment, isolated
internodal cells were internally perfused with calcium buffer Ca-50 (in mM:
KCl 150, EGTA 0.9, CaCl2 1.06, citrate 0.5, sucrose 100, Hepes-KOH 20, pH
7.2) containing 50 �M free Ca2+and 100 �M. calcium-sensitive fluorescence
probe fura-2 (Sigma). The internodal cells were then ligated at both ends and
fixed in the experimental chamber.

Experiments were performed in external calcium buffer (in mM: KCl
150, EGTA 0.9, CaCl2 1.154, citrate 0.5, sucrose 100, Hepes-KOH 20, pH 7.2)
with 150 �M free Ca2+.
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In order to investigate the influence of Ca2+ from the free spaces of the
cell wall, a set of experiments was performed on cells which were kept in stir-
red Ca2+-free APW (in mM: KCl 0.4, NaCl 1,2-N-morpholino ethanesulfonic
acid, 5; pH 5) for 2 h with solution changes every 30 min (M a c R o b b i e
and B a n f i e l d , 1988). These „decalcified" cells were left overnight in
APW, before the experiment.

The solutions were applied by means of gravity. Calcium buffers in D2O
were used during D2O/H2O exchanges. The D2O solution was made so that its
pD (pD � measured pH + 0.4, G l a s o e and L o n g 1960) was equal to the
pH of the pre-treatment H2O solution. D2O utilized in these experiments was
99.8% pure (Fluka).

The experimental chamber was placed on the stage of an inverted micro-
scope (Axiovert 10; Opton, Germany) supplied with a xenon lamp light source
and equipped for epifluorescence. The excitation light of 360 and 390 nm was
alternated (2 Hz) by means of a motorized filter wheel and deflected to the
sample through a 20x Zeiss-plan Neufluar objective. The emitted fura-2 fluo-
rescence was transmitted to a photomultiplier unit (Luigs & Neumann, Ger-
many). The intensity of fluorescence emission was adjusted to subsaturating
levels by the use of a diaphragm and a neutral density filter (diminishing light
intensity down to 12%) in the light path. With fluorescence values corrected
for background and dark currents, calculation of [Ca2+]i was carried out on an
Atari ST Mega computer from the ratio (R) between 360 and 390 nm record-
ings, according to the equation: [Ca2+]i = Kd x [(R — Rmin) / (Rmax — R)] x �

( G r y k i e w i c z et al., 1985). Based on in situ calibration (T h o m a s and
D e l a v i l l e , 1991) on decalcified cells, the parameters Rmin = 3.43, Rmax =
144.31, and � = 39.53, with the effective Kd, Keff = Kd x � = 8854 nM, were
specified in the calibration menu. Unless otherwise stated, the data were pre-
sented as relative calcium concentration ([Ca2+]rel), i.e. as percentage of basal
(resting) [Ca2+]i, and expressed as mean � S.E.M.

The samples were compared statistically using Mann-Whitney U-test at
the 5% level of significance (P < 0.05).

RESULTS

The in situ calibration (Fig. 1) on the cells with intact cell wall was un-
successful because the adding of the Ca ionophore (4-BrA23187) in the pres-
ence of a sharp electrochemical gradient of calcium directed toward the exter-
nal solution provoked only a small drop in fluorescence ratio (from R = 60 to
R = 50). This could not be attributed to the malfunction of the ionophore be-
cause a large increase of fluorescence ratio occurred when calcium was added
in excess (from 50 to 150, 50 m; CaCl2 added). The only plausible explanation
is that the exchangeable calcium in the cell wall significantly lowers its tran-
smembrane electrochemical gradient. This presumption was confirmed by the
in situ calibration on the cells with decalcified cell wall. In this case, the add-
ing of ionophore provoked a large drop in fluorescence ratio (from R = 50 to
R = 3.43) while the rise stayed the same. This was a clue for performing addi-
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Fig. 1 — Changes of fluorescence ratios during the in situ calibrations of cell preparations
with intact (solid line) and decalcified (dashed line) cell walls. Arrows marks the adding,

in the calcium free external solution (in mM: KCl 150, EGTA 4, Tris 30 and sucrose 100,
pH = 5.0), of 10 �M calcium ionophore 4-BrA23187 („4-BrA23187”), and 50 mM CaCl2

(„CaCl2”).

Fig. 2 — Resting [Ca2+]i in cell preparations with intact (dashed line and squares)
and decalcified (solid line and circles) cell walls. Results are given for external solution

containing 150 �M free Ca2+ („control”) and no free Ca2+ („0Ca2+”), and for cells pretreated
with 0.5 mM LaCl3 („La3+”), inhibitor of cationic transmembrane transport, and 50 �M

nicardipine („nicardipine”), inhibitor of Ca2+ channels, with 150 �M free Ca2+ in the
extracellular solution in last two cases.



tional experiments concerning the influence of calcium in the cell wall on the
calcium homeostasis in the cell.

In the first set of experiments, attention was focused on the influence of
decalcification of the cell wall on the resting calcium level. Resting calcium
concentration in the cells with the intact cell wall (3.7 � 0.7 �M, n = 12) was
significantly lower (p < 0.001) compared with that in the cells with decalcified
cell wall (7.9 � 0.4 �M, n = 21; Figure 2). The resting [Ca2+]i increased even
further in Ca2+ free extracellular solution (no added Ca2+, in the presence of
0.9 mM EGTA), both in cells with intact cell wall (9.9 � 0.8 �M, n = 8) and
those with decalcified cell wall (19.7 � 2.5 �M, n = 6; Figure 2), maintaining
the significantly higher free calcium content in decalcified cells (p < 0.05). In
order to obtain information about the cause of this difference, the cells were
pretreated with nicardipine (blocator of calcium channels) and lanthanum (blo-
cator of cationic channels). In cells pre-treated with nicardipine there was a
significant decrease of basal [Ca2+]i as compared with untreated cells, namely
to 1.4 � 0.4 �M (n = 5) and to 4.8 � 0.9 �M (n = 6) in intact and decalcified
cells, respectively (Figure 2). Again a significantly (p < 0.05) higher free Ca2+

content in decalcified cells was found. However, the difference between the
intact and decalcified cells is eliminated (p > 0.05) with La3+ pre-treatment
(Figure 2), [Ca2+]i being 4.4 � 1.1 �M (n = 6) and 4.2 � 0.7 �M (n = 7), re-
spectively. The former value did not significantly differ from the control, how-
ever, the latter resting [Ca2+]i value in decalcified cells was significantly lower
as compared with the decalcified control (see above, p < 0.01).

In the second group of experiments, attention was focused on the effects
of decalcification of the cell wall on the change of calcium concentration indu-
ced by D2O.

The main effect of D2O application on the perfused and ligated internodal
cell of C. gymnophylla was an increase in [Ca2+]i preceded by a transient
[Ca2+]i decay (Figure 3 A, B). Internodal cells could be separated into two
types — L (large response) or S (small response) type. The L-type cells were
characterized by a lower amplitude of transient [Ca2+]i decay and a larger and
slower [Ca2+]i increase as compared with the S-type cells (Ÿ i v i ã and A n -
d j u s , 2001).

In the L-type cells with intact cell wall, the amplitude of increase was 42
� 3% (n = 7), the amplitude of decay –9 � 2% (n = 6), while the time constant
of increase was 12 � 1 s (n = 7). The decalcification of cell wall induced a
smaller (30 � 2%, n = 9) and slower (� = 21 � 2 s, n = 9) increase in response
to D2O application as compared with the cells with intact cell wall, while the
amplitude of transient decrease (–10 � 1%, n = 9) was not significantly differ-
ent. However, in the case of the S-type cells with intact and decalcified cell
walls there were no significant differences regarding any parameter of D2O re-
sponse: the amplitudes of transient decay were –22 � 3% (n = 5) and –16 �

1% (n = 12), the amplitudes of increase 14 � 1% (n = 5) and 15 � 1% (n =
12) and the time constants 8 � 1 s (n = 5) and 8 � 1 s (n = 12), respectively.

In order to investigate the influence of removal of calcium from the cell
wall on the efflux of calcium, D2O treatment of cells with intact and decalci-
fied cell walls was performed in the external solution with no free calcium.
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Thus, in a Ca2+-free medium, D2O first induced a transient (�10 s) increase in
[Ca2+]i, followed by a prominent decrease to a plateau level (Figure 3 C, D).
The responses to D2O in the cells with intact and decalcified cell walls showed
no statistically significant differences in [Ca2+]rel changes (15 � 3 % vs. 21 � 3
% for the maximal rise and –48 � 4 % vs. –51 � 4% for the maximal decrea-
se, respectively). The rate of Ca2+ decrease was significantly higher in intact
cell preparations as compared with decalcified ones (� was 12 � 1 s as compa-
red with 48 � 8 s, respectively).

DISCUSSION

The results of this study showed that the removal of proton exchangeable
calcium from the cell wall of characean internodal cells had significant effects
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Fig. 3 — Average traces of [Ca2+]rel responses to D2O application (at arrows) of cells with
intact (A and C) or decalcified (B and D) cell walls in external solutions containing 150 �M

free Ca2+ (A and B) or no free Ca2+ (C and D). With „S” and „L” are labeled average
responses to D2O of the L- and S-type (see text).



on both, the homeostasis of calcium in the resting state and the change of cal-
cium concentration induced by the application of D2O.

In the resting state, decalcification induced a significant increase of calci-
um concentration. Only La3+ eliminated the difference in resting [Ca2+]i be-
tween cells with intact and decalcified cell walls, probably by substituting cal-
cium in the free spaces of the cell wall (R i e d and S m i t h , 1992). Since
the removal of calcium from extracellular solution (Figure 2) increases resting
[Ca2+]i too, it can be concluded that decalcification acts on the resting [Ca2+]i

by lowering calcium concentration in the vicinity of the plasmalemma. The
mechanism by which the lowering of external calcium concentration acts on
the resting [Ca2+]i is not clear but it could be explained by a model based on
the fact that the lowering of external calcium concentration reduces the activ-
ity of proton pump in the plasmalemma of characean internodal cells (B i s -
s o n , 1984). It was known, in the case of several higher plants, that the re-
duction of proton pump activity and subsequent acidification of the cytoplasm
led to the increase of [Ca2+]i (C e r v a n t e s — C e r v a n t e s and B u s h ,
1994). The link between the acidification and increase of [Ca2+]i could be pla-
smalemmal Ca2+/nH+ antiporter, which uses H+ gradient across the plasmalem-
ma for active efflux of calcium. So, the disruption of the H+ gradient reduces
the activity of the antiporter and subsequently increases [Ca2+]i. In our cell pre-
parations where [Ca2+]i was higher than in intact cells ([Ca2+]i in the perfusion
media is 50 �M), the above mechanism of increase of resting [Ca2+]i upon de-
calcification was even more probable due to the lower activity (B u s h , 1995)
and higher maximal velocity of calcium transport by the antiporter compared
with the second ubiquitous active Ca2+ transporter, Ca2+ ATPases.

Decalcification of the cell wall induced the lowering of relative amplitu-
de, [Ca2+]rel, and slowing of [Ca2+]i rise upon D2O application, but only in the
L-type preparations. Taking into consideration that the S-type responses occur
in consequence to calcium release from the internal stores, while the L-type
responses are consequences of both, calcium release from internal stores and
its efflux from extracellular solution (Ÿ i v i ã and A n d j u s , 2001), it can
be concluded that decalcification of the cell wall modifies the parameters of
calcium response to D2O through the action on plasmalemmal calcium trans-
porters. The slowing of [Ca2+]rel increase is a consequence of diminished calci-
um concentration gradient upon decalcification, which is congruent with previ-
ous findings that exchangeable calcium from the cell wall is an active compo-
nent of extracellular calcium in a whole array of processes (see in situ calibra-
tion, Figure 1, and B u s h , 1995). The lower rates of D2O-induced Ca2+ in-
flux (Figure 3 A, B) and efflux (0 Ca2+ in the extracellular media, Figure 3 C,
D) upon decalcification can be explained by electrostatic interaction of the cell
wall calcium with membrane proteins (G r i g n o n and S e n t e n a c , 1991),
in our case with calcium channels. This interaction with calcium channels
most probably influences the activity of the channels in such a way that the
lowering of calcium concentration in the cell wall reduces their activity.
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ULOGA PROTON IZMENQIVOG KALCIJUMA IZ ÃELIJSKOG ZIDA
U HOMEOSTAZI UNUTARÃELIJSKOG KALCIJUMA KOD

PERFUNDOVANE I PODVEZANE INTERNODIJALNE ÃELIJE ALGE
Chara gymnophylla

Miroslav Ÿ. Ÿiviã
Institut za opštu i fiziåku hemiju, Studentski trg 12/¢,

11000 Beograd, Jugoslavija

Rezime

Poznato je da joni kalcijuma prisutni u ãelijskom zidu imaju veoma vaÿne
funkcije vezane za strukturne i mehaniåke osobine ãelijskog zida, ãelijski
rast, kontrolu jonske difuzije kroz ãelijski zid, funkciju membranskih tran-
sportera i sopstvene membranske flukseve. Meðutim, niko dosada nije ispiti-
vao uticaj kalcijuma iz ãelijskog zida na homeostazu unutarãelijskog kalcijuma.
Perfundovane i podvezane internodijalne ãelije slatkovodne alge Chara gym-
nophylla napuwene sa fura 2 korišãene su za prouåavawe efekata uklawawa sa
protonima izmenqivog kalcijuma iz ãelijskog zida (pomoãu „dekalcifikaci-
je") na homeostazu unutarãelijskog kalcijuma. Dekalcifikacija ãelijskog zida je
izazvala porast mirujuãeg nivoa kalcijuma, verovatno posredno, preko redukci-
je aktivnosti protonske pumpe na ãelijskoj membrani. Dekalcifikacija je tako-
ðe dovela do smawivawa relativne amplitude D2O izazvanog porasta koncentra-
cije unutarãelijskog kalcijuma smawujuãi koncentracioni gradijent kalcijuma
preko ãelijske membrane. Pored toga dekalcifikacija je izazvala opadawe br-
zine D2O izazvanog ulaska kao i izlaska (u spoqašwem rastvoru bez kalcijuma)
kalcijuma. Ovo moÿe biti objašweno elektrostatiåkim interakcijama kalciju-
ma iz ãelijskog zida sa kalcijumovim kanalima u ãelijskoj membrani, koje na
kanale deluju na takav naåin da smawewe koncentracije kalcijuma u ãelijskom
zidu dovodi do smawewa wihove aktivnosti.
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EFFECTS OF CHANGES IN THYLAKOID MEMBRANES
— A MEASURE FOR EVALUATION OF RESISTANCE
AND ADAPTABILITY OF MAIZE INBRED LINES TO

HIGH TEMPERATURE

ABSTRACT: The chlorophyll delayed fluorescence (DF) method, as a non-invasive
bioluminescence method, is recommended for application in maize breeding and seed pro-
duction in order to evaluate maize inbred lines for resistance and adaptability to increased
and high temperatures.

The following thermal properties of the photosynthetic apparatus of the studied maize
inbred lines have been determined: the temperature dependence within a range of 23—60°C;
critical temperatures at which phase transitions occur in the thylakoid membrane were esta-
blished and by means of it significant functional changes in the photosynthetic apparatus of
the investigated maize inbred lines were detected. Activation energies (Ea, kJ mol—1) along-
side the straight lines prior and after critical temperatures were calculated. Ea is a measure
of occurrence of chlorophyll DF recombination processes and, simultaneously, a measure of
total changes in the structure and functioning of thylakoid membranes.

Thylakoid membranes in maize inbred lines underwent significant conformational
changes in the part following the maximum intensity, i.e. in the part of its sharp linear dec-
line. Such a state fits more a non-living than a living organism in relation to its both, struc-
ture and functions.

The presented parameters of total thermal processes of chlorophyll DF such as tempe-
rature dependence, critical temperatures and activation energy can be an important factor for
a more exact characterization of maize inbred lines in relation to their resistance and adapta-
tion to increased and high temperatures, contributing to a more rapid and rational develop-
ment of the selection process.

KEY WORDS: maize inbred lines, thylakoid membrane, photosynthetic process, de-
layed fluorescence, thermal process, critical temperature, activation energy

INTRODUCTION

Although photosynthetic processes are ubiquitous, highly intensive, very
complex and broadly observed, they still do not have sufficient application in
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plant breeding. This situation is probably a consequence of the existence of se-
veral functional interrelationships that unite structural and dynamic changes
within chloroplasts and their thylakoid membranes on the one hand, and ef-
fects of numerous environmental factors on the other.

Chlorophyll DF can be phenomenologically described as the occurrence
of luminescence (bioluminescence) within the red range of the visible spec-
trum produced by plant systems, bacteria, algae and higher plants, immediately
after their intermittent illumination (R a d e n o v i ã , 1992, 1994, 1997). Chlo-
rophyll DF was discovered by S t e h l e r and A r n o l d (1951) in their at-
tempt to reveal a nature of induction illumination in a form of bioluminescen-
ce. Numerous studies, especially those conducted over last 20 years (J u r s i -
n i c 1986, M a r k o v i ã et al., 1993, 1996, V e s e l o v s k i and V e s e -
l o v a 1990), revealed a direct connection between chlorophyll DF and pho-
tosynthetic processes, in which DF was considered an unavoidable indicator
— a susceptible „probe" for experimental photosynthetic studies (R a d e n o -
v i ã et al, 1994a, 1994b, R a d e n o v i ã and J e r e m i ã , 1996, M a r k o -
v i ã et al., 1987, 1993, 1996, 1999). Chlorophyll DF has become, and it will
remain in immediate future, a modern methodological approach in the study of
certain photo-processes in the light phase of photosynthesis. Consequently,
thermal processes of chlorophyll DF and the application of activation energy
in these processes are topical issues (R a d e n o v i ã , 1997, R a d e n o v i ã
and J e r e m i ã , 1996).

During last 20 years, attempts were made at the Maize Research Institute
in Zemun Polje to employ complex photosynthetic processes in characterizing
maize inbred lines. Such an approach can improve the cost efficiency of the
breeding process. Therefore, a new, non-invasive method for chlorophyll DF
measurements was developed. The measurements were performed on intact le-
aves of maize inbred lines (R a d e n o v i ã , 1997, V u å i n i ã et al., 1982,
M a r k o v i ã et al., 1987, 1993, 1996) and introduced into maize breeding.

The objective of the present study was to determine effects of increased
and high temperatures on changes of thermal processes of chlorophyll DF in
thylakoid membranes of observed maize inbred lines. The obtained changes in
chlorophyll DF intensities, activation energies, as well as the different values
of critical temperatures at which evident conformational changes in thylakoid
membranes occurred can be good parameters for the evaluation of resistance
and adaptation of the observed maize inbred lines to increased and high tem-
peratures.

MATERIAL AND METHODS

Maize inbred lines from the collection of the Maize Research Institute,
Zemun Polje, were used as objects in this study. Two inbreds (ZPPL 14 and
ZPPL52) were developed at the Institute, while the inbred H108 is of the USA
origin.

The principal traits of these inbreds are:
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1) The inbred ZPPL 14, derived from crosses of the inbred A82 with a
multirow dent population originating from Serbia, belongs to the FAO matu-
rity group 450. Its dent-type kernel is yellow, the cob is red.

2) The inbred H108 of the FAO maturity group 550 is derived from the
cross (Mo17 x H98) x Mo17, and it belongs to USA public inbreds. Its
dent-type kernel is yellow, the cob is red.

3) The inbred ZPPL 52, derived from self-pollinated maize varieties orig-
inating from Istria, belongs to the FAO maturity group 600. Its flint — se-
mi-flint kernel is red-yellow in color, the cob is white. This inbred is a com-
ponent of commercial ZP maize hybrids.

Figure 1 shows a schematic presentation of the measuring equipment for
chlorophyll DF. This scheme of the bioluminescence method has been develo-
ped and mainly used at the Biophysical Laboratory of the Maize Research In-
stitute, Zemun Polje. Measurements of changes in chlorophyll DF intensities
were performed after a method that was both, in principle and detail, described
in previous papers (R a d e n o v i ã , 1979, 1992, 1994, 1997; M a r k o v i ã
et al., 1996).

The plant materials were grown at the experiment field of the Institute.
During July and August, maize plants were taken to the laboratory during
morning hours (between 7 am and 8 am). Plants, when sampled in the field,
were transversely cut at the ground internode. In the laboratory, plants were
internode lengthwise placed in water. Two hours prior to the bioluminescence
experiment, plants were kept under the ball glass. A segment of intact leaf was
taken from such plants and placed into the chamber of the phosphoroscope
and kept (in dark) for at least 15 minutes, and then measured for chlorophyll
DF.
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Fig. 1 — Potential scheme of the method and measuring equipment for chlorophyll
delayed fluorescence: C — dark chamber with a sample stand; s — sample (leaf segment);

Filters; ELS — excitation light source; PH — photo-multiplier; O — oscilloscope;
R — printer; ELB — excitation light beam; DF — luminescent light; IS — input

chamber slot; OS — output chamber slot.



RESULTS

The obtained experimental results on chlorophyll DF intensity changes in
the function of initiation time served for further processing and as such are
presented in this paper for each inbred separately.

The inbred ZPPL 14

Figure 2 shows the temperature dependence of this inbred within the tem-
perature range of 23—58°C. The intensity of chlorophyll DF commences to
increase at 27°C. The intensity increases at the temperature of approximately
30°C, and then at 34 and 47°C. The rounded maximum occurs at 48—49°C.
Further temperature increase resulted in a monotonous, steep and linear de-
scend of chlorophyll DF intensity (Figure 2).

Critical temperatures at which conformational changes occurred in thyla-
koid membranes of inbred line ZPPL 14 were determined by the Arrhenius
plot of linearization of the chlorophyll DF temperature dependence (Figure 3,
Table 1). The values of critical temperatures in °C, their number and mutual
distances characterize the maize inbred line in relation to its resistance to in-
creased and high temperatures. This inbred was characterized by four tempera-
tures (27.0, 29.5, 35.0 and 47.5°C) in the ascending part of the chlorophyll DF
intensity, and two temperatures (49.5 and 53.0°C) in the descending part of
the temperature dependence (Figure 3, Table 1).

Activation energies (Ea) pertaining to the ascending temperature depend-
ence had a negative sign (—62.9, —26.1 and —61.5 kJ mol—1). Ea pertaining
to the descending temperature dependence showed positive values (24.2, 227.2
and 124.2 kJ mol—1) (Table 1).

62

Fig. 2 — Changes of chlorophyll-delayed fluorescence intensities (IDF) of thermal processes in
dependence on temperature impacts in thylakoid membranes of the intact leaf of the maize

inbred line ZPPL 14



Tab. 1 — Changes of activation energy (Ea) and critical temperatures during thermal processes in
thylakoid membranes of the intact leaf of the maize inbred line ZPPL 14

Ea, kJ/mol t°C

— 27.0

–62.9 29.5

–26.1 35.0

–61.5 47.5

24.2 49.5

227.2 53.0

124.2 —

The inbred H 108

The temperature dependence of this inbred occurred initially at 32.5°C,
and then a gradual increase of the chlorophyll DF intensity followed to the
temperature of 49.5°C (Figure 4). The maximum intensity, not in the form of
a sharp peak, occurred at approximately 50—51°C. Further temperature incre-
ase led to a steep ascent of chlorophyll DF intensity (Figure 4).

Four critical temperatures (33.0, 39.5, 44.0 and 49.5°C) were obtained by
the Arrhenius plot of linearization in the ascending part (Figure 5) and only
one value (51.0°C) in the descending part of the temperature dependence. Ac-
tivation energies pertaining to the ascending trend had negative values (—46.3,
—84.3 and —98.9 kJ mol—1) (Table 2), while Ea accompanying the descend-
ing temperature dependence had positive values (7.0 and 425.8 kJ mol—1) (Ta-
ble 2).
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Fig. 3 — Arrhenius plot for evaluation of critical temperatures that cause conformational
changes in thylakoid membranes of the intact leaf of the maize inbred line ZPPL 14



Tab. 2 — Changes of activation energy (Ea) and critical temperatures during thermal processes in
thylakoid membranes of the intact leaf of the maize inbred line H 108

Ea, kJ/mol t°C

— 33.0

–46.3 39.5

–84.3 44.0

–98.9 49.5

7.9 51.0

425.8 —
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Fig. 4 — Changes of chlorophyll delayed fluorescence intensities (IDF) of thermal processes
in dependence on temperature impacts in thylakoid membranes of the intact leaf of the maize

inbred line H-108

Fig. 5 — Arrhenius plot for evaluation of critical temperatures that cause conformational
changes in thylakoid membranes of the intact leaf of the maize inbred line H-108



The inbred ZPPL 52

This maize inbred line underwent the same order of study — temperature
dependence (Figure 6), Arrhenius plot (Figure 7), and the same processing of
results on activation energies and critical temperatures (Table 3).

Tab. 3 — Changes of activation energy (Ea) and critical temperatures during thermal processes in
thylakoid membranes of the intact leaf of the maize inbred line ZPPL 52

Ea kJ/mol t°C

— 34.0

–74.41 53.0

–41.05 56.5

104.58 59.9

241.44 —

DISCUSSION

The temperature dependence of the chlorophyll DF was only partly char-
acterized by four typical points in the investigated maize inbred lines (Figures
2, 4 and 5). The first point pertains to the lowest temperature at which the first
change of the chlorophyll DF intensity was observed. The second point was
related to the linear monotony and dynamics of the ascending part of the chlo-
rophyll DF intensity. The third point expressed smaller or greater roundness of
the chlorophyll DF peak intensity. Finally, the fourth point pertains to the line-
ar monotony and dynamics of the descending part of the chlorophyll DF inten-
sity. The stated points, although characteristic, only hinted at possible confor-
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Fig. 6 — Chanres of chlorophyll delayed fluorescence intensities (IDF) of thermal processes in
dependence on temperature impacts in thylakoid membranes of the intact leaf of the maize

inbred line ZPPL 52



mational changes in the thylakoid membrane of the observed maize inbred li-
nes and there are scarce literature data on the subject (V u å i n i ã et al., 1982,
R a d e n o v i ã , 1994, M a r k o v i ã et al., 1987).

All critical temperatures at which even slightest conformational changes
occurred in thylakoid membranes of the studied maize inbred lines were deter-
mined by the Arrhenius plot of linearization for chlorophyll DF temperature
dependence. The value of critical temperatures (expressed in °C), their number
and distances characterized the maize inbred lines in relation to their resistance
and adaptation to increased and high temperatures. The Arrhenius plot is based
on the existence of straight lines. Each of Arrhenius straight lines represents
activation energy (Ea). The intersecting points of the straight lines are determi-
ned by critical temperature. There is one value of activation energy that prece-
des each critical temperature, and it is followed by another value of activation
energy (R a d e n o v i ã , 1985, 1997, M a r k o v i ã et al., 1993, 1996). Chlo-
rophyll DF thermal processes in the observed maize inbred lines had activation
energies with a negative sign in the ascending part of the chlorophyll DF in-
tensity, while their values were positive in the descending part of the chloro-
phyll DF intensity. Such negative activation energies in thermal processes of
thylakoid membranes in maize inbred lines were observed for the first time in
the present study. This phenomenon is explained by the fact that the tempera-
ture increase results in smaller or greater molecular conformational changes in
the thylakoid membrane, due to which molecules become more reactive and
by means of that they acquire a new energy that is used in the recombination
process of the chlorophyll DF occurrence.

Ea was positive in the descending part of the thermal curve, as it com-
monly is the case in all chemical reactions. Namely, thylakoid membranes un-
derwent significant conformational changes, especially in the part of the ther-
mal curve following the maximum intensity and its sharp linear decline. Such
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Fig. 7 — Arrhenius plot for evaluation of critical temperatures that cause conformational
changes in thylakoid membranes of the intact leaf of the maize inbred line ZPPL 52



a state fits more a non-living than a living organism in relation to its structure
and functions. The presence of positive Ea in the photosynthetic process origi-
nates from solar energy.

With much regret we have to state that there are no references regarding
chlorophyll DF in intact leaves of higher plants that would encompass the re-
sults with parameters necessary to characterize maize inbred lines in relation
to their resistance and adaptation to increased and high temperatures. The ex-
isting literature refers more to the mechanisms and processes of occurrence
and development of chlorophyll DF that are of interests for biophysical, bioc-
hemical and physiological studies of the photosynthetic process (J u r s i n i c
1986; K e r e å k i et al., 1986; M a r k o v i ã et al., 1987, 1993, 1999; R a -
d e n o v i ã 1992, 1994, 1997).

An effort was made in this study to apply the knowledge gained and the
long experience for determining parameters that would make the processes of
maize breeding more cost efficient. We have completed the bioluminescence
method of chlorophyll DF which, being non-invasive, is not only an original
but also a prospective method within the field of plant breeding.
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EFEKTI PROMENA U TILAKOIDNIM MEMBRANAMA — MERA
ZA OCENU OTPORNOSTI I ADAPTIVNOSTI INBRED LINIJA

KUKURUZA PREMA VISOKIM TEMPERATURAMA

Åedomir N. Radenoviã1, Milosav M. Babiã1, Nenad S. Deliã1,
Dušan B. Ristanoviã2

1 Institut za kukuruz „Zemun Poqe", Slobodana Bajiãa 1,
11080 Beograd—Zemun, Jugoslavija

2 Maize Research Institute, Lusaka, P.O. Box 33088, Zambia

Rezime

Metod o zakasneloj fluorescenciji hlorofila, kao neinvazivni biolumi-
niscentni metod, kandiduje se za primenu u oplemewivawu i semenarstvu radi
utvrðivawa ocene inbred linija kukuruza na otpornost i adaptivnost prema
višim i visokim temperaturama.
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Utvrðene su termalne karakteristike fotosintetiånog aparata prouåava-
nih samooplodnih linija kukuruza i to:

— temperaturna zavisnost u opsegu 23°S—60°S;
— vrednosti za kritiåne temperature na kojima dolazi do mawih i veãih

strukturnih promena u tilakoidnim membranama,
— vrednosti za energije aktivacije (Ea, kJ/mol) duÿ pravih linija pre i

posle pojave kritiåne temperature u termalnom procesu.
Utvrðena je razliåita monotonost u rastuãem i opadajuãem delu intenzite-

ta termalne krive, što ukazuje na nejednaku otpornost i adaptiranost ispiti-
vanih samooplodnih linija kukuruza prema višim i visokim temperaturama.

Prouåavane samooplodne linije kukuruza u odnosu na wihovu otpornost
prema višim i visokim temperaturama rangiraju se na sledeãi naåin:

— pokazano je da je samooplodna linija kukuruza ZPPL 52 vrlo otporna
prema visokim temperaturama,

— samooplodne linije kukuruza ZZPL 14 i N 108 imaju zadovoqavajuãu ot-
pornost prema visokim temperaturama.
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EFFECT OF ECOLOGICAL FACTORS ON GENETIC
SPECIFICITY FOR THE CONTENTS OF MACRO-

AND MICROELEMENTS IN WHEAT GRAIN

ABSTRACT: Seven winter wheat varieties have been studied for the effect of condi-
tions of growing on the contents of macro- and microelements in grain. Identical sets of va-
rieties have been grown in two locations, on the chernozem soil in the vicinity of Novi Sad
and on the vertisol in the vicinity of Kragujevac. The obtained results have shown that the
varieties were specific with regard to the dependence of their contents of macro- and micro-
elements in grain on the heritage, i.e., variety, ecological conditions and interactions among
them. In general, the content of mineral elements in grain was specific for certain agroeco-
logical conditions, and it tended to change considerably on exposure to other agroecological
conditions. Significant interactions were found between variety and location with regard to
the contents of some elements.

KEY WORDS: wheat variety, grain, contents of macro- and microelements, location,
interaction

INTRODUCTION

First studies on genetic specificity of plant mineral nutrition were con-
ducted some eighty years ago (M o o r s , 1921). Numerous papers were pub-
lished since then, dealing with this topic from various aspects and involving
many crops (V o s e , 1963; K l i m o s h e v s k i and C h e r n y s h e v a , 1980;
S a r i ã and L o u g h m a n , 1983; K r a l j e v i ã - B a l a l i ã et al., 2001).
Crops and their genotypes differ significantly in the intensity of uptake, accu-
mulation and translocation of mineral elements as well as in the tolerance to
the excess or deficiency of certain elements (K a s t o r i , 1983; A r s e n i j e -
v i ã - M a k s i m o v i ã et al., 2001). Genetic specificity of mineral nutrition
has been studied from various aspects: interactions between variety and ecolo-
gical factors and their effect on the accumulation and utilization of mineral el-
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ements (B á l i n t et al., 1983; Z e b a r t h et al., 1992; F e i l and B ä n z i -
g e r , 1993), breeding and mode of inheritance of mineral elements' content
( R a s m u s s o n et al., 1971; M i h a l j e v and K a s t o r i , 1982; K r a -
l j e v i ã - B a l a l i ã , 1996), relationships between yield on one side and ni-
trogen and protein contents on the other (F e i l , 1998), and decontamination
of soils polluted with mineral substances, primarily with heavy metals and ra-
dioactive waste (P e t r o v i ã et al., 2002). Various aspects of genetic specific-
ity of wheat mineral nutrition have been extensively studied (P e t r o v i ã and
S a r i ã , 1973; S a r i ã and K o v a å e v i ã , 1981).

The objective of this study was to assess the effect of ecological factors
on genetic specificity of mineral nutrition, i.e., the contents of macro- and
microelements in wheat grain. In other words, we wanted to establish how
much this characteristic depends on variety and how much on ecological fac-
tors. Taking in consideration the importance of wheat-based products in hu-
man diet and animal feeds, we wanted to improve the knowledge of the con-
tents of biogenous elements as well as of some heavy metals, those recognized
for harmful effects, in the leading Yugoslav winter wheat varieties.

MATERIAL AND METHODS

Two identical sets, each consisting of seven winter wheat varieties, were
grown the same year at the experimental fields of Institute of Field and Vege-
table Crops in Novi Sad and Center for Small Grains in Kragujevac.

The Kragujevac experimental field is located on the vertisol soil in the
process of degradation (loessivization). The soil has a heavy mechanical com-
position, unstable structure and it is poor in base cations. The degree of satura-
tion with bases is below 60%, the pH value in KCl is < 4.5. The humus con-
tent in the topsoil is medium high, with the total nitrogen content of 0.14%,
the available phosphorus content of 8 mg/100 g of soil and the available po-
tassium content of 25 mg/100 g of soil.

The Novi Sad experimental field at Rimski Šanåevi is located on the
chernozem soil on loess terrace. According to its mechanical composition, this
soil is a loam with good, stable structure. The degree of saturation with bases
is about 95%, the pH value in KCl is 7.2. The humus content is 3.5%, the to-
tal nitrogen content 0.15%, the available phosphorus content 27 mg/100 g of
soil and the available potassium content of 25 mg/100 g of soil.

The climate is moderately continental in both locations. The total precipi-
tation sum during wheat growing season is 808 m in Kragujevac and 677 mm
at Rimski Šanåevi.

Chemical composition of grain was analyzed after harvest. Nitrogen con-
tent was determined by the method of Kjeldahl, phosphorus by vanadate-
-molybdate method, potassium by flame photometry. Contents of calcium,
magnesium and heavy metals were determined by AAS using a Varian AA-10.

Statistical processing was done with programs Excel 97, Statistica 5.0
and MSTAT-C.
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RESULTS AND DISCUSSION

The analyzed winter wheat varieties differed considerably in their con-
tents of biogenous macroelements (Tab. 1). Influence of location on the con-
tent of biogenous macroelements was evident. Nitrogen content was much
lower in the grain produced in Novi Sad on chernozem than in the grain pro-
duced in Kragujevac on vertisol. It is difficult to explain in the light of the
available data, especially when taking in consideration the nitrogen levels fo-
und in the two soil types and the fact that the agrotechnical measures applied
in both locations were practically identical. Phosphorus content was higher in
the grain produced on chernozem than in the grain produced on vertisol, in
consequence to a lower content of available phosphorus in the latter soil type.
Potassium content was slightly higher in the grain produced on chernozem.
The contents of available potassium were high and identical in the two locati-
ons and this may explain why no large difference occurred between the two
locations. Location appeared to have negligible effect on the contents of mag-
nesium and calcium. In view of the low pH value and the low saturation of
the adsorptive complex with bases in the case of vertisol, the contents of calci-
um and magnesium in the grain produced on vertisol had been expected to be
lower than their contents in the grain produced on chernozem.

Tab. 1 — Effects of variety and location on the content of biogenous macroelements in wheat
grain

Variety

mg % in dry matter

N P K Mg Ca

Novi Sad

Evropa 9 1,507 289.67 330.67 99.67 6.80

Milica 1,767 295.00 304.67 89.67 9.70

Renesansa 1,627 280.33 311.00 96.67 11.47

Tera 1,710 260.00 295.33 94.67 9.93

N. rana 1,713 329.33 344.00 95.67 8.07

Pobeda 1,870 360.00 322.00 100.00 8.87

Jarebica 1,610 389.33 318.00 97.00 11.20

Kragujevac

Evropa 9 2,040 249.33 254.67 94.00 8.27

Milica 1,900 285.33 295.33 90.67 8.80

Renesansa 2,170 324.67 357.67 105.00 10.77

Tera 2,370 299.33 326.67 104.33 10.23

N. rana 1,983 290.00 319.33 99.00 9.10

Pobeda 2,397 234.67 242.00 95.00 9.77

Jarebica 2,073 285.00 220.67 86.00 10.33

LSD 5%
LSD 1%

0.07
0.10

11.4
15.37

31.01
41.83

3.69
4.98

0.50
0.68

Location (%)
Variety (%)
Interaction (%)
Error (%)

68.93
17.72
9.81
1.75

17.26
25.31
55.54
1.89

13.56
30.83
41.70
13.90

0.01
45.90
43.00
11.10

0.48
82.64
13.14
3.74
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In general, the contents of biogenous macroelements in the grain of the
leading Yugoslavian winter wheat varieties were satisfactory and within the
expected limits (F e i l and B ä n z i g e r , 1993).

Differences were observed in the effects of variety, location and their in-
teraction on the contents of the studied macroelements. The effect of location
was most pronounced in the case of nitrogen content, the effect of variety in
the case of calcium and magnesium contents. The interaction between the two
factors exhibited the highest effect on the contents of potassium, magnesium
and phosphorus.

The tested varieties exhibited significant differences in the contents of
microelements (Tab. 2). The effect of location was pronounced. The contents
of iron, zinc, nickel and cadmium were much higher in the grain produced on
vertisol than in the grain produced on chernozem. The availability of these
microelements is known to be higher in acid soils than in neutral or alkaline
soils, which explains the results obtained. D ÿ a m i ã et al. (1983) found that
the content of microelements in wheat grain depended to a large measure on
soil pH. Similar values in the contents of manganese and lead obtained in the
two locations examined in our study are difficult to explain.

Tab. 2 — Effects of variety and location on the content of microelements in wheat grain

Variety

mg/kg in dry matter

Fe Cu Zn Mn Ni Cd Pb

Novi Sad

Evropa 9 22.77 2.30 17.03 30.93 0.490 0.017 1.210

Milica 35.83 3.30 17.70 28.93 0.640 0.037 2.023

Renesansa 36.70 3.60 14.63 38.33 0.303 0.013 1.550

Tera 31.00 2.46 13.23 41.43 0.470 0.010 1.507

N. rana 34.43 2.63 14.76 35.20 0.633 0.057 2.247

Pobeda 31.37 2.26 15.00 36.33 0.530 0.060 2.117

Jarebica 34.93 3.30 19.20 30.70 0.500 0.050 1.930

Kragujevac

Evropa 9 40.30 3.80 32.26 32.03 1.000 0.123 1.353

Milica 48.67 4.26 49.80 31.03 1.240 0.107 1.373

Renesansa 43.70 6.06 54.76 30.87 0.740 0.113 1.923

Tera 46.13 5.06 52.93 30.43 0.920 0.113 1.823

N. rana 44.43 4.76 44.63 32.23 1.023 0.057 1.940

Pobeda 41.10 3.96 32.03 34.97 1.313 0.120 1.710

Jarebica 35.63 4.10 28.86 34.40 1.030 0.093 1.643

LSD 5%
LSD 1%

3.04
4.11

0.25
0.34

1.55
2.10

8.14
10.98

0.135
0.182

0.018
0.025

0.191
0.258

Location (%)
Variety (%)
Interaction (%)
Error (%)

57.83
23.35
14.11
4.71

64.54
25.13
9.04
1.29

76.25
9.22

14.27
0.26

10.66
34.34
50.35
4.66

73.12
18.42
3.89
4.57

70.23
5.84

19.07
4.87

3.44
54.14
33.58
8.84
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The contents of most microelements, i.e., iron, copper, zinc, nickel and
cadmium, were found to be affected by location. Exceptions were the contents
of lead and manganese which were predominantly affected by variety and the
interaction between variety and location.

The contents of toxic heavy metals were below the values allowed for
flour in the Official Gazette (1992) — 0.1 mg/kg for cadmium and 0.4 mg/kg
for lead. In the case of wheat grain, it should be borne in mind that mineral
substances are predominantly accumulated in the grain coat which, depending
on flour type, is either partially or completely eliminated from it.

The results of this study show that the contents of macro- and microele-
ments in wheat grain vary in dependence of the heritage, i.e., variety, ecologi-
cal conditions and interactions among them. A general statement can be made
that a given genetic specificity for mineral composition in grain of wheat vari-
eties applies only for certain ecological conditions. Changes in ecological con-
ditions and agrotechnical practices may bring considerable changes in the con-
tents of mineral substances in wheat grain.
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UTICAJ EKOLOŠKIH ÅINILACA NA GENETSKU SPECIFIÅNOST
SADRŸAJA MAKRO- I MIKRO-ELEMENATA U ZRNU PŠENICE

Rudolf R. Kastori1, Novica M. Petroviã1,2, Slobodan M. Lomoviã3,
Miodrag Ÿ. Jeliã3, Ivana V. Arsenijeviã-Maksimoviã1, 2
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2 Poqoprivredni fakultet, Novi Sad, Trg Dositeja Obradoviãa 8

3 Centar za strna ÿita, Kragujevac, Save Kovaåeviãa 31

Rezime

Kod sedam sorata ozime pšenice ispitan je uticaj uslova gajewa na sadr-
ÿaj makro- i mikro-elemenata u zrnu. Iste sorte su gajene na dva lokaliteta, na
åernozemu u okolini Novog Sada i na vertisolu u okolini Kragujevca. Dobije-
ni rezultati ukazuju da sadrÿaj pojedinih makro- i mikro-elemenata u zrnu
pšenice u razliåitoj meri zavisi od nasledne osnove, t. j. sorte i ekoloških
uslova i wihove interakcije. Uopšteno se moÿe reãi da genetska specifiå-
nost sorata pšenice u pogledu sadrÿaja mineralnih materija u zrnu vaÿi samo
za odreðene ekološke uslove. Promena ekoloških uslova u znaåajnoj meri mewa
sadrÿaj mineralnih materija u zrnu pšenice.

Utvrðene su znaåajne interakcije izmeðu sorte i lokaliteta u pogledu sa-
drÿaja nekih elemenata.
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CONCENTRATIONS OF MACRONUTRIENTS
IN DOMINANT AQUATICS OF THE LAKE PROVALA

(VOJVODINA, YUGOSLAVIA)

ABSTRACT: Nutrients and trace metals, accumulated in macrophyte tissues are an
important indicator of water quality. In this study the concentrations of macronutrients (N,
P, K, Ca) and Na in the most common submerged and floating aquatic plants, Cera-
tophyllum demersum L., Myriophyllum spicatum L. and Nymphoides flava Hill. of Lake Pro-
vala were determined. Analyses were done during the seasonal biomass peak (June—Au-
gust) in two years 1996 and 1998. Chemical analyses showed significant differences in ele-
ment content between the analyzed aquatics. Significantly higher ash and Ca content in sub-
merged when compared to floating aquatic plants was found. Only small variations of inve-
stigated macroelements as related to the year of investigation, except for calcium showing
significantly higher 1998 values, were recorded. The results suggest that Lake Provala be-
longs to � — mesosaprobic waters with moderate pollution and standard odor.

KEY WORDS: Macrophytes, Ceratophyllum demersum L., Myriophyllum spicatum
L., Nymphoides flava Hill., elemental composition, eutrophycation, pollution

INTRODUCTION

Concentration of chemical elements in an aquatic environment is related
primarily to dissolution from the sediment and also to the nature and amount
of element input. Aquatic macrophytes may accumulate considerable amounts
of chemical elements, nitrogen and phosphorus in particular, thus contributing
to lower eutrophication, nutrient cycling, water quality control, and sediment
stability (C h a m b e r s and P r e p a s , 1994). In addition to their role as nu-
trients, metals in higher concentrations and their free ions may have a toxic ef-
fect upon plant tissue. Therefore, macrophytes play an important role in nutri-
ents cycling in an aquatic ecosystem: direct — bioconcentration and indirect
— slow down of water stream flow accelerating sedimentation of dispersed
particles and ions (S t - C y r et al., 1994). Element bioaccumulation depends
upon plant species, its organs, and numerous abiotic factors, temperature, pH,
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elemental concentration in water, etc. (L e w i s , 1995; L e w a n d e r et al.,
1996). Their ability to accumulate chemical elements, as well as their remarka-
ble production of organic matter in aquatic ecosystems make macrophytes „in
situ" indicator species of water quality (A b o - R a d y , 1980; M a n n y et
al., 1991). Such a role of macrophytes is strengthen by significant interspecific
variability of nutrient concentrations in plant tissues (B o y d , 1970; G u p -
t a , 1998). Genotypic specificity, i.e. various susceptibility of plant species to
the presence of chemical elements in water and sediments, also plays an im-
portant role in choosing test — plants (D i n k a , 1986). Besides their ability
to bioaccumulate higher concentrations of chemical elements, plants should be
typical and widespread in an ecosystem under investigation.

Pollution of natural streams and lakes has a profound impact upon a need
for defining plant species which might be used as indicator species of eu-
trophycation and pollution.

The purpose of this investigation was to determine the concentration of
makronutrients (N, P, K, Ca) and Na in the most common submerged and flo-
ating aquatic plants in the Lake Provala. The survey undertaken could confirm
the accuracy of the applied method for the determination of chemical composi-
tion of the aquatic macrophytes in order to evaluate the water quality.

Study area

The Lake Provala is situated in southwestern Vojvodina, (45°29' latitude
and 18°86' longitude). The lake was formed during great floods in 1924. It ex-
tends from northeast to southwest, pear-like in shape with wider northern part.
The lake is 390 m long, while average width of its northern rounded part ex-
ceeds 140 m. The lake receives water from subterranean streams, precipitation
and floods of the Danube (B o g d a n o v i ã , 1985). Its, in most part, natural
development has been disturbed by human activities altering this aquatic eco-
system. By providing exceptional conditions for recreation and rest, this lake
which has been stocked with fish recently deserves our concern about the im-
pact of these cultural disturbances. The most effective way to reduce damages
is to find appropriate measures for conserving natural balance of this ecosys-
tem.

SAMPLING AND ANALYTICAL METHODS

Samples of aquatic plants: Ceratophyllum demersum L., Myriophyllum
spicatum L. and Nymphoides flava H i l l . were collected from randomly se-
lected sites at maximum development stage and the peak seasonal biomass
(June—August) during two years 1996 and 1998. Sampling sites were chosen
according to their abundance from the boat. The plants were rinsed several ti-
mes in tap water to remove the adherent periphyton and detritus. After final
rinsing in distilled water, material was dried and prepared for analyses follow-
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ing Standard methods for the examination of water and wastewater (F r a n -
s o n , 1995).

Before chemical analysis plant material was dried at 100°C and milled.
Total N concentration in the dry matter was determined by standard microkjel-
dahl method (N e l s o n and S o m m e r s , 1973). The concentrations of P,
K, Ca and Na were determined after dry ashing at 500°C and treatment with
25% HCl. Then phosphorus was assayed spectrophotometrically by ammoni-
um-vanadate-molybdate method (G e r i c k e and K u r m i e s , 1952), potas-
sium and sodium by using a flame photometer, and calcium by atomic absorp-
tion spectrophotometer.

All analyses were carried out in three independent replications and results
are given as mean values for each locality. Data were analyzed by Duncan's
multiple range test, and testing was done for the level of significance p = 0.05.

RESULTS

The obtained results point to a specific ash content and also specific con-
tent of certain investigated elements in plant tissues (Tab. 1). Despite the re-
corded differences in absolute ash content in 1996 and 1998, similar trends
may be quoted. The highest average (two years) content of total ash was found
in M. spicatum (31.80%), then in C. demersum (27.37%) whereas the lowest
in N. flava (11.45%). Most of total ash was dissolved while the remaining un-
dissolved ash — sedimentary matter like mud and sand, although less abun-
dant (6.64—1.03%) also had a significant share in total ash content.

Tab. 1 — Ash content in aquatic macrophytes of Lake Provala during two years (in %)

1996 1998

total
ash

dissolved
ash

undissolved
ash

total
ash

dissolved
ash

undissolved
ash

Ceratophyllum
demersum 23.58b 17.07b 6.54a 31.17a 27.30a 3.87a

Myriophyllum
spicatum 32.62a 25.97a 6.64a 30.98a 26.60a 4.38a

Nymphoides
flava 8.46c 7.43c 1.03b 14.45b 12.34b 2.11b

LSD 5% 4.41 3.23 1.45 3.21 1.69 1.68

Values with the same letter superscripts do not differ significantly at p = 0.05 level

Only small variations of investigated macroelements as related to the year
of investigation, except for calcium showing significantly higher 1998 values,
were recorded (Tabs 2a, 2b).
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Tab. 2 — Macronutrients and Na content in aquatic macrophytes of Lake Provala during two
years (in %)

a

1996 N P K Ca Na

Ceratophyllum demersum 1.79a 0.17c 1.71a 3.08b 0.20a

Myriophyllum spicatum 1.51b 0.20b 0.55c 9.18a 0.17b

Nymphoides flava 1.77a 0.25a 1.47b 0.70c 0.15c

LSD 5% 0.06 0.02 0.19 0.60 0.02

b

1998. N P K Ca Na

Ceratophyllum demersum 2.02a 0.21b 1.84a 9.58a 0.23a

Myriophyllum spicatum 1.42c 0.11c 0.53b 10.00a 0.19c

Nymphoides flava 1.89b 0.23a 1.88a 2.91b 0.20b

LSD 5% 0.07 0.02 0.11 0.57 0.01

Values with the same letter superscripts do not differ significantly at p = 0.05 level

Intergenus specificity in nitrogen accumulation was evident. Significantly
the highest nitrogen content was found in C. demersum, whereas the lowest in
M. spicatum. In 1996 smaller variations of phosphorus content among the
aquatics ranging from 0.17% in C. demersum to 0.25% in N. flava were obtai-
ned. In 1998, the lowest phosphorus was recorded in M. spicatum (0.11%),
whereas the highest again in N. flava (0.23%). During two years of investiga-
tion and as related to plant species, the smallest potassium content was in M.
spicatum (0.55 and 0.53%, respectively). In C. demersum inconspicuous varia-
tions of potassium content as related to year of investigation were found (1.71
in 1996 and 1.84% in 1998). The highest calcium was found in M. spicatum
showing no significant variations as dependent upon year of investigation
(9.18—10%). In the remaining two aquatics however, in 1998 Ca content was
even 3.5 times higher. Regardless of the variations related to year of investiga-
tion, rather similar calcium distribution as related to plant species is found, i.e.
two submerged plant species C. demersum and M. spicatum showed higher Ca
accumulation due to photosynthesis and respiration in the aquatic environment
when produced CaCO3 is deposited on plants. Similar sodium concentrations
in 1996 and 1998, amounting about 0.2% were recorded. A remarkable inter-
genus specificity was observed thus pointing to C. demersum where the high-
est sodium accumulation was recorded.

Higher concentrations of the investigated elements were found in mud
from a deeper — northwestern part of the lake (Tab. 3). NO3

— concentration
was higher in deeper water. High calcium concentrations were found in both
mud and water irrespective of water depth. Also, sodium concentrations in
mud and water were not related to water depth while its mud values were 10
times those of water.
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Tab. 3 — Content of macronutrients in water and mud of Provala lake

a.

water
NH4

+ NO3
– PO4

3– Ca Na

�g ml–1 %

south-east 0.17 0.15 0.054 0.80 0.09

north-west 0.15 0.26 0.058 0.75 0.09

b.

mud
P K Ca Na

%

south-east 0.05 0.05 6.75 0.10

north-west 0.11 0.10 6.50 0.11

DISCUSSION

In order to define distinct ecological conditions of a habitat, the pho-
tosynthetic vascular plants — macrophytes can be used as test-organisms.
Aquatics may be used as indicator species of water quality either through their
temporal and spatial distribution or by using chemical analyses to determine
the content of the individual elements in their tissues (W h i t t o n , 1979;
S t - C y r and C a m p b e l l , 1994).

The Lake Provala is dominated by C. demersum, M. spicatum, and N. fla-
va therefore imposing their role as bioindicators of water quality. C. demersum
and M. spicatum are submerged macrophytes showing greater ability of nutri-
ent bioaccumulation. A floating species N. flava is occasionally found in great
populations. It is an indicator species of still low eutrophication while the pre-
sence of Cladophora sp. points to possible accelerated changes. The Lake Pro-
vala belongs to � — mesosaprobic waters with moderate pollution and stan-
dard odor. Such characteristics are in accordance with the chemical composi-
tion of dominant macrophytes where the highest nitrogen concentration recor-
ded in C. demersum amounted 2%. Extremely high calcium concentrations in
plants (up to 10%) and its significantly elevated concentrations in 1998 show
its increased water concentrations concurrent with accelerated photosynthesis
and respiration processes resulting in an increased biomass accumulation. Here
also a significant role of the aquatic vegetation in water purification due to the
absorption of great amounts of water nutrients may be emphasized.

Content of the nutrients and trace metals in plants from the littoral zone
of Lakes Balaton (Hungary) and Srebarna (Bulgaria) was significantly smaller
then in our investigated aquatics (K o c h e v and Y u r u k o v a , 1996; Y u -
r u k o v a and K o c h e v , 1996). Irrespective of the fact that the Lake Pro-
vala is a closed aquatic ecosystem, an agreement of our data with those obtai-
ned for the aquatic vegetation of DTD canal network (S t o j a n o v i ã et al.,
1994) may be quoted.

In our opinion, above investigations offer promise as a useful framework
for developing techniques for the evaluation of nutrient concentrations in natu-
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ral ecosystems (S t a n k o v i ã et al., 2000). Further monitoring of parameters
of the Lake Provala are needed for a fuller understanding of how to solve the
problems of conservation of this ecosystem.
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(VOJVODINA, JUGOSLAVIJA)

Slobodanka P. Pajeviã, Ÿivko S. Stankoviã, Mirjana S. Vuåkoviã
Institut za biologiju, PMF Novi Sad, Trg Dositeja Obradoviãa 2,

21000 Novi Sad, Jugoslavija

Rezime

Koncentracije makroelemenata i teških metala u tkivu akvatiånih makro-
fita predstavqaju vaÿan indikator hemijskog kvaliteta vode. U ovom radu is-
pitivane su koncentracije azota, fosfora, kalijuma i kalcijuma, te korisnog
elementa natrijuma u tkivu dominantnih submerznih vrsta Ceratophyllum demer-
sum L. i Myriophyllum spicatum L. i flotantne vrste Nymphoides flava Hill. u jeze-
ru Provala u Vojvodini. Hemijske analize su raðene tokom dve godine, 1996. i
1998, u letwem periodu (jun—avgust) kada je prisutna najveãa organska produk-
cija. Dobijeni rezultati su ukazali na znaåajnu razliku u koncentraciji ispi-
tivanih elemenata izmeðu analiziranih vrsta. Submerzne vrste su imale signi-
fikantno veãu koncentraciju kalcijuma u odnosu na ispitivanu flotantnu vr-
stu. U odnosu na godinu istraÿivawa konstatovane su male razlike u koncen-
traciji elemenata u tkivu biqaka, izuzev u odnosu na kalcijum. Koncentracije
kalcijuma su u sve tri ispitivane vrste bile veãe u 1998. godini.

Na osnovu dobijenih rezultata moÿe se reãi da voda jezera Provala pripa-
da � — mezosaprobnom tipu umerenog zagaðewa i standardnog mirisa.

83





Zbornik Matice srpske za prirodne nauke / Proceedings for Natural Sciences, Matica Srpska
Novi Sad, ¥ 101, 85—94, 2001

UDC 581.5(497.16 Kotor)

V e r a , P . B u d a k 1 , V e s n a L j . M a å i ã 2 ,
L j u b o , K . M a å i ã 3 , G o r a n , T . A n a å k o v 1

1 Faculty of natural sciences and mathematics, Institute of Biology,
Trg Dositeja Obradoviãa 2, Novi Sad 21000, Yugoslavia

2 Institute of Marine Biology, PF 69, Kotor 85330, Yugoslavia
3 Ministary of science and education of Republik of Montenegro,

Vuka Karadÿiãa 3/4, Podgorica 81000, Yugoslavia

ENDEMIC SPECIES IN FLORA OF ST IVAN HILL
IN THE VICINITY OF THE CITY OF KOTOR

(MONTENEGRO, YUGOSLAVIA)

ABSTRACT: In flora of the City of Kotor twenty endemic plant species out of which
even eighteen are endemics of the Balkan Peninsula (Iris pseudopalida T r i n a j s t i ã ,
Micromeria dalmatica B e n t h a m , Acinos majoranifolius M i l l . , Asperula scutelaris
V i s . , Rhamnus intermedius S t e u d . et H o c h s t , Seseli globiferum V i s . , Stachis
menthifolia V i s . , Fritilaria gracilis ( E b e l ) A s c h e r s o n & G r a e b n e r , Moltkia
petraea ( T r a t t . ) G r i s e b . , Chaerophyllum coloratum L., Satureja montana L. ssp.
illyrica N y m a n , Cerastium grandiflorum W a l d s t . & K i t , Arum petteri Schott,
Vincetoxicum huteri V i s . & A s c h e r s o n , Galium firmum T a u s c h , Euphorbia gla-
briflora V i s . , Petrorhagia glumacea ( C h a u b . & B o r y ) P . W . B a l l . et H e y -
w o o d ), and Dianthus ciliatus G u s s . subsp. dalmaticus ( C e l a k ) H a y e k , one the
Balkan endemic species with an exclave in southern Italy (Portenschlagiella ramosissima
( P o r t e n s c h l . ) T u t i n , and a Balkan-Apennine species (Campanula ramosissima
S i b t h . & S m . ) were recorded. The area surrounding the City of Kotor is locus classi-
cus of three of the above species (Seseli globiferum V i s . , Stachis menthifolia V i s . , and
Micromeria dalmatica B e n t h a m ).

All the mentioned endemic species are rare not only in the surveyed region, but, also,
in flora of the Balkan Peninsula and Europe.
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INTRODUCTION

The City of Kotor is situated at the foot of the Lovãen Mountain spures
in the southeastern-most part of the Boka Kotorska Bay. St Ivan Hill (eleva-
tion 260m) raising in the east of the City is separated from the Lovãen Moun-
tain mass and enclosed by high cliffs and deep chasms.

Geologically, St Ivan Hill is mostly composed of Mesozoic calcareous
mass coming to the surface in the form of calcareous rocks and covering most
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of the Hill. The remaining part is covered with a thin layer of loose hu-
mus-sandy soil in the fissures of rocks (L u k o v i ã , 1953).

Climate of the City of Kotor is characterized by the Mediterranean influ-
ence with mild and rainy winters and dry summers (L i p o v a c , 1976). On
the average, this region is 277 days without wind. The most frequent during a
year is south wind (which blows toward land) while winter wind is northeast
wind (which blows toward the sea). In summers, mistral which is substituted
by the wind blowing towards the sea moderating summer heat blows in the
morning and in the early afternoon (Ÿ u n j i ã , 1976/1977).

With respect to vegetation, as remnants of former evergreen Mediterra-
nean forest, dominant are maquis and pseudomaquis (H e r m a n , 1971).

The St Ivan Hill is the area where the remnants of old fortress and ram-
parts in which the City is enclosed are found (L u k o v i ã , 1953).

Visiani, Baldacci, Tomassini, Pantochek, Studniczka, Horvatiã, Puleviã,
and Šiliã were among numerous botanists who surveyed the flora of this re-
gion during last and the beginning of this century.

MATERIAL AND METHODS

Plant material was collected in the period 1994—1996 and herbarized in
the Herbarium of the Institute of Biology, Novi Sad (Yugoslavia) (BUNS) and
Herbarium of the Institute of Botany and Botanical Garden „Jevremovac",
Belgrade (BEOU). It was determined according to Flora Europaea (T u t i n et
al. eds., 1964; T u t i n et al. eds. 1968—1980), Flora SR Srbije (J o s i f o -
v i c , M. ed. I—IX, 1970—1976), and Nuova Flora Analitica d'Italia (F i o -
r i , 1969), Flora d'Italia Vol. I—III (P i g n a t t i , 1982), whereas the species
Iris pseudopalida after T r i n a j s t i ã (1976). Plant synonimic was comple-
tely adapted to Flora Europaea (T u t i n et al. eds., 1964; T u t i n et al. eds.
1968—1980) and to the papers of T r i n a j s t i ã (1976) and Š i l i ã (1979).

REVIEW OF THE ENDEMIC SPECIES OF FLORA
OF ST IVAN HILL

Iris pseudopalida T r i n a j s t i ã
The City of Kotor, St Ivan Hill, May 5,1995, Budak V., Maåiã V., Maåiã

Lj., Anaåkov G. (B u n s ).
The species with very narrow distribution range in coastal Dalmatia,

Montenegro (T r i n a j s t i ã , 1976; Š i l i ã , 1984), and Hercegovina. Occurs
at dry calcareous rocky substratum and rocky pastures up to 600m elevation
( Š i l i ã , 1984). Locus classicus the Pelješac Peninsula (T r i n a j s t i ã , 1976).

Balkan Illyrian-Adriatic endemic species (Š i l i ã , 1984).

Micromeria dalmatica B e n t h a m
In the vicinity of the City of Kotor, sub. Calamintha origanifolia V i s .

(V i s i a n i , 1847); nearby the area of the City of Kotor (R o h l e n a , 1942);
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in the vicinity of the City of Kotor (Š i l i ã , 1990); the City of Kotor, St Ivan
Hill, August 6, 1995, Budak V., Maåiã V., Maåiã Lj., and Anaåkov, G.
( B u n s ).

Occurs in Bulgaria, Greece, and Yugoslavia (C h a t e r and G u i n e a ,
1972). Rare in central and southern Dalmatia and the Orijen—Lovãen moun-
tain mass in Montenegro throughout (Š i l i ã , 1984); open calcareous rocky
substratum, ramparts, along roads. Locus classicus in the vicinity of the City
of Kotor (Š i l i ã , 1984).

Balkan endemic species (C h a t e r and G u i n e a , 1972); western Bal-
kan endemic (Š i l i ã , 1984).

Acinos majoranifolius ( M i l l . ) Š i l i ã
The St Ivan Hill above the City of Kotor, sub. A. adscendens M o e n c h

M . ( V i s i a n i , 1847); the City of Kotor, St Ivan Hill, July 8,1994 and June
9,1995, Budak V., Maåiã V., Maåiã Lj., Anaåkov G. (BUNS).

Widespread in southeastern Europe (B a l l and G e t l i f f e , 1972), in
Croatia, Dalmatia, Bosnia and Hercegovina, Montenegro, Serbia, Bulgaria,
Macedonia, and Albania (H a y e k , 1929). Occurs at calcareous rocky sub-
stratum, edges of karst forests, along roads (Š i l i ã , 1984).

Western Balkan and Illyrian endemic species (Š i l i ã , 1984).

Asperula scutelaris V i s .
St Ivan Hill above the City of Kotor (V i s i a n i , 1850; R o h l e n a ,

1942; B a l d a c c i In V i n c e k and P u l e v i ã , 1991); the City of Kotor,
ramparts, August 8, 1990, Jovanoviã (Beou); the City of Kotor, St Ivan Hill,
July 8,1994, Budak V., Maåiã V., Maåiã Lj., Anaåkov G. (BUNS); the City of
Kotor, ramparts, July 13,1995, Jovanoviã (BEOU).

Occurs in Yugoslavia, Albania, and possibly in Rumania (E h r e n d o r -
f e r and K r e n d l , 1976), Croatia, Dalmatia, Bosnia and Hercegovina, Mon-
tenegro, Serbia, and Albania (H a y e k , 1929; Š i l i ã , 1984) on calcareous
and calcareous-dolomite rocky substrata of Mediterranean, Mediterranean-mon-
tane, and Submediterranean regions (Š i l i ã , 1984).

Illyrian-Adriatic endemic species (Š i l i ã , 1984).

Rhamnus intermedia S t e u d . et H o c h s t
The City of Kotor, St Ivan Hill, July 8,1994 and May 28,1995, Budak V.,

Maåiã V., Maåiã Lj., Anaåkov G. (BUNS).
Occurs in Croatia (Istria and Dalmatia), Bosnia and Hercegovina, Monte-

negro, and Albania in the holm oak (Q. ilex) zone at rocky terrains (H a y e k ,
1927; Š i l i ã , 1984) in maquis and pseudomaquis.

An endemic species of coastal Dinaric Alps (Š i l i ã , 1984).

Seseli globiferum V i s .
The City of Kotor (V i s i a n i , 1850; Š i l i ã , 1984); the City of Kotor,

ramparts, July 5, 1990, Jovanoviã, Lakušiã, and June 13, 1995, Jovanoviã
(BEOU); the City of Kotor, St Ivan Hill, July 16, 1994, Budak V., Maåiã V.,
Maåiã Lj., Anaåkov G. (BUNS).

87



Occurs in Dalmatia, Montenegro (H a y e k , 1927), and Hercegovina
(Š i l i ã , 1984), in sunny habitats, in fissures in calcareous and calcareous-do-
lomite rocks up to 1 000m elevation. Locus classicus in the vicinity of the
City of Kotor (V i s i a n i , 1850).

Endemic species of southeastern Dinaric Alps (Š i l i ã , 1984).

Stachys menthifolia V i s .
The City of Kotor, fortress (V i s i a n i , 1847); St Ivan Hill (T o m a s -

s i n i In V i n c e k and P u l e v i ã , 1991); the City of Kotor, ramparts, Au-
gust 10,1990, Jovanoviã (BEOU); the City of Kotor, St Ivan Hill, July 16,
1994, Budak V., Maåiã V., Maåiã Lj., Anaåkov G. (BUNS).

Occurs in Dalmatia, Montenegro, and Albania (H a y e k , 1927; B a l l ,
1972; Š i l i ã , 1984), in karst forests and underbush, forest edges in Mediter-
ranean and Mediterranean-montane belt (Šiliã, 1984). Locus classicus in the
vicinity of the City of Kotor (V i s i a n i , 1847).

Endemic species of southeastern Dinaric Alps (Š i l i ã , 1984).

Fritillaria gracilis ( E b e l ) A . & G .
The City of Kotor, St Ivan Hill, April 20,1994, Budak V., Maåiã V., Ma-

åiã Lj., Anaåkov G. (BUNS).
Occurs in Croatia (Dalmatia), Bosnia and Hercegovina, Montenegro, and

northern Albania (H a y e k , 1933; Š i l i ã , 1984), scattered or in small gro-
ups in termophilous forests and underbushes on calcareous substratum (Š i -
l i ã , 1984).

Endemic species of Dinaric Apls (Š i l i ã , 1984), rare, conserved in
Montenegro (B u l i ã ed., 1995).

Moltkia petraea ( T r a t t . ) G r i s e b
On caves in the vicinity of the City of Kotor (S t u d n i c z k a In

H i r c , 1906); the City of Kotor, St Ivan Hill, April 26, 1994, May 10, 1995,
and August 17, 1995, Budak V., Maåiã V., Maåiã Lj., Anaåkov G. (BUNS).

Occurs in Dalmatia, Bosnia and Hercegovina, Montenegro, and Albania
( H a y e k , 1927; Š i l i ã , 1984), with a disjunction in Greece; in sunny hab-
itats, on calcareous substratum in Mediterranean, Mediterranean-montane, and
Submediterranean belt (Š i l i ã , 1984).

Endemic species of central and southeastern Dinaric Alps (Š i l i ã , 1984).

Chaerophyllum coloratum L.
The City of Kotor, St Ivan Hill, May 1, 1994 and May 25, 1995, Budak

V., Maåiã V., Maåiã Lj., Anaåkov G. (BUNS).
Occurs in Croatia, Bosnia and Hercegovina, Montenegro, Albania (H a -

y e k , 1927; Š i l i ã , 1984), and Serbia (Kosovo) (N i k o l i ã , 1973; Š i -
l i ã , 1984), on rocky, skeletal, and extremely degraded habitats, in barren
gardens, vineyards, and olive groves (N i k o l i ã , 1973; Š i l i ã , 1984).

Endemic species of Dinaric Alps (Š i l i ã , 1984).
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Satureja subspicata B a r t l subsp. subspicata
Hills surrounding the City of Kotor, sub. S. montana L. var. subspicata

B a r t l . ( V i s i a n i , 1847), sub. S. pygmaea RCHB. (S c h l o s s e r , V u -
k o t i n o v i ã , 1869).

Occurs in Croatia, Bosnia and Hercegovina, Montenegro, and northern
Albania, with a disjunction in Serbia (the Tara Mountain), at windy sites on
calcareous and dolomite substrata (Š i l i ã , 1979).

Western-Balkan Illyrian endemic species (Dinaric Alps endemic species)
(Š i l i ã , 1984).

Cerastium grandiflorum W. et K.
Hills surrounding the City of Kotor (V i s i a n i , 1850).
Occurs in Croatia, Bosnia and Hercegovina, Serbia, Montenegro, and Al-

bania (H a y e k , 1927; G a j i ã , 1970; D o m a c , 1973; T r i n a j s t i ã ,
1978; Š i l i ã , 1984), in fissures in calcareous rocks in sunny habitats of
montane and Subalpine belt (Š i l i ã , 1984). Endemic species of Dinaric Alps
(Š i l i ã , 1984).

H a y e k (1927) quoted this plant species from Bulgaria, whereas no re-
cord in Flora Reipublicae Popularis Bugaricae has been found (V æ l e v ,
1966). D o m a c (1973) described it for Macedonia and Slovenia. T r i n a j -
s t i ã (1978) also quoted this species from Slovenia, whereas no description in
Mala Flora Slovenije was given (M a r t i n å i å , S u š n i k , 1984).

Arum petteri S c h o t t .
The City of Kotor, St Ivan Hill, May 1, 1994, Budak V., Maåiã V., Ma-

åiã Lj., Anaåkov G. (BUNS).
Occurs in Croatia, Bosnia and Hercegovina, Montenegro, and northern

Greece (H a y e k , 1933; D o m a c , 1973; Š i l i ã , 1984), in lowland and
montane belt of the coastal karst on calcareous substratum (Š i l i ã , 1984).

Western Balkan (Illyrian) endemic species (Š i l i ã , 1984).

Vincetoxicum huteri V i s . et A s c h e r s .
The City of Kotor, St Ivan Hill, July 8, 1994, August 17, 1994 and June

9, 1995, Budak V., Maåiã V., Maåiã Lj., Anaåkov G. (BUNS).
Occurs in Croatia (H a y e k , 1927; D o m a c , 1973), Bosnia and Her-

cegovina, Montenegro, Albania (H a y e k , 1927; Š i l i ã , 1984), Macedonia
(Š i l i ã , 1984), and Serbia (Kosovo) (D i k l i ã , 1977) as Cynanchum huteri
(V i s . et A s c h . ) P i t t o n i ex K . S c h u m , at rocky terrains, sunny si-
tes, moderately acid, humus soils (Š i l i ã , 1984).

Western Balkan endemic species (Š i l i ã , 1984).

Galium firmum T a u c h .
The City of Kotor, St Ivan Hill, June 4, 1994 and June 9, 1995, Budak

V., Maåiã V., Maåiã LJ., Anaåkov G. (BUNS).
Occurs in Serbia (H a y e k , 1927; G a j i ã , 1973; 1976; N i k o l i ã et

al., 1986), Dalmatia, Montenegro, Bulgaria, Macedonia, Albania, Tesalia, Gre-
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ece, Crete Islands, Sorio, Kasos, and Karpathos (H a y e k , 1927), in rocky
and dry grass habitats (G a j i ã , 1973; E h r e n d o r f e r , 1976).

Western Balkan endemic species (E h r e n d o r f e r , 1976).

Euphorbia glabriflora V i s .
The City of Kotor, St Ivan Hill, May 25, 1996, Budak V., Maåiã V., Ma-

åiã Lj., Anaåkov, G. (Buns).
Occurs in Bosnia and Hercegovina, Montenegro, Serbia, Macedonia, Al-

bania, and Tesalia (H a y e k , 1927; J a n k o v i ã et N i k o l i ã , 1972; Š i -
l i ã , 1984), at sunny rocky terrains (J a n k o v i ã et N i k o l i ã , 1972).

Endemic species of Balkan Peninsula (S m i t h et T u t i n , 1968; Š i -
l i ã , 1984).

Petrorhagia glumacea P . W . B a l l . et H e y w o o d
The City of Kotor, St Ivan Hill, and fortress surroundings: sub. Dianthus

obcordatus R e u t . et M a r g . (V i s i a n i , 1850).
Occurs in Croatia, Dalmatia, Bosnia and Hercegovina, Montenegro, and

Macedonia: sub. Kohlrauschia obcordata R c h b . (H a y e k , 1927; D o -
m a c , 1973; T r i n a j s t i ã , 1979); Albania, Epirus, Tesalia, Ionic Islands,
Greece, and Crete: sub. Kohlrauschia obcordata RCHB. (H a y e k , 1927);
Bulgaria (R a d e n k o v a , 1966) and Serbia (G a j i ã , 1977; N i k o l i ã et
al., 1986), at rocky terrains and crop edges (G a j i ã , 1977).

Balkan endemic species (B a l l , 1964).

Dianthus ciliatus G u s s . subsp. dalmaticus ( C e l a k ) H a y e k
The City of Kotor: sub. D. ciliatus G u s s . var. cymosus V i s . (V i s i -

a n i , 1850); St Ivan Hill (T o m a s s i n i In V i n c e k and P u l e v i ã ,
1991); the City of Kotor, ramparts: D. ciliatus subsp. dalmaticus, August 8,
1990, leg.et det.: S. Jovanoviã (BEOU); the City of Kotor, St Ivan Hill, June
18, 1994, Budak V., Maåiã V., Maåiã Lj., Anaåkov G. (BUNS).

From Dalmatia to Albania (T u t i n , 1964), at sunny rocky terrains (V i -
s i a n i , 1850).

Western Balkan-Adriatic endemic species.

Campanula ramosissima S i b t h . et S M .
The City of Kotor, fortress surroundings — St Ivan Hill (V i s i a n i ,

1847); the City of Kotor, St Ivan Hill, May 7, 1994 and June 18, 1995, Budak
V., Maåiã V., Maåiã Lj., Anaåkov G. (BUNS).

Occurs in Dalmatia, Montenegro, and Macedonia (H a y e k , 1927; D o -
m a c , 1973), Greece (H a l a c s y , 1902; H a y e k , 1927), Epirus, Tesalia,
and Ionic Islands (H a y e k , 1927), Italy and Albania (P i g n a t t i , 1982), at
sunny rocky terrains and ramparts (Š i l i ã , 1984).

Illyrian-Apennine endemic species.

Portenschlagiella ramosissima (P o r t .) T u t i n
The City of Kotor (V i s i a n i , 1850); the City of Kotor, St Ivan Hill

( T o m a s s i n i In V i n c e k and P u l e v i ã , 1991).
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Occurs in Dalmatia, Bosnia and Hercegovina, and Montenegro (H a -
y e k , 1927; T u t i n , 1968; D o m a c , 1973; Š i l i ã , 1984), southern It-
aly (T u t i n , 1968; P i g n a t t i , 1982), and northwestern Albania (H a -
y e k , 1927; T u t i n , 1968; Š i l i ã , 1984), at sanny habitats, in fissures
in calcareous rocks in Mediterranean and Mediterranean-montane belt up to
1 000 m elevation (Š i l i ã , 1984).

Endemic species of Dinaric Alps with an exclave in southern Italy (Š i -
l i ã , 1984).

CONCLUSION

In flora of the City of Kotor surroundings twenty endemic species out of
which two (Euphorbia glabriflora Vis. and Petrorhagia glumacea (C h a u b .
& B o r y ) P. W. B a l l . et H e y w o o d ) Balkan, five (Acinos majoranifoli-
us M i l l ., Arum petteri S c h o t t . , Galium firmum T a u s c h , Micromeria
dalmatica B e n t h a m , and Vincetoxicum huteri V i s . & A s c h e r s o n )
western Balkan, namely Illyrian, eight (Cerastium grandiflorum W a l d s t . &
K i t . , Chaerophyllum coloratum L., Fritilaria gracilis ( E b e l ) A s c h e r -
s o n & G r a e b n e r , Moltkia petraea ( T r a t t . ) G r i s e b . , Rhamnus in-
termedius S t e u d . et H o s h s t . , Satureia subspicata B a r t l . subsp. sub-
spicata, Seseli globiferum V i s . , and Stachis menthifolia V i s . ) western Bal-
kan, Dinaric Alps, three (Asperula scutelaris V i s . , Dianthus ciliatus G u s s .
subsp. dalmaticus (C e l a k ) H a y e k , and Iris pseudopalida T r i n a j s t i ã )
Illyrian-Adriatic, one (Portenschlagiella ramosissima (P o r t e n s c h l . , T u -
t i n ) western Balkan, Dinaric Alps, with an exclave in southern Italy, and one
(Campanula ramosissima S i b t h . & S M .) western Balkan, namely Illyr-
ian-Apennine endemic plant were recorded.

Our survey confirmed that sixteen of quoted endemic species still occur
in the investigated area, whereas data on the four species (Cerastium grandi-
florum, Petrorhagia glumacea, Portenschlagiella ramosissima, and Satureia
subspicata B a r t l . subsp. subspicata) go back to the XIX century.

The City of Kotor surroundings is locus classicus of three species (Seseli
globiferum, Stachis menthifolia, and Micromeria dalmatica).

Despite the findings clearly showing that all the plant species cited above
are rare not only in St Ivan Hill flora, but, also throughout Balkan Peninsula
and Europe, only Fritillaria gracillis has been put among the conserved plant
species in Montenegro.
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ENDEMSKE BIQKE U FLORI BRDA SV. IVAN U OKOLINI KOTORA
(CRNA GORA, JUGOSLAVIJA)

Vera P. Budak1, Vesna Q. Maåiã2, Qubo K. Maåiã3, Goran T. Anaåkov1

1 Prirodno-matematiåki fakultet, Institut za biologiju,
Trg D. Obradoviãa 2, 21000 Novi Sad, Jugoslavija

2 Institut za biologiju mora, PF 69, 85330 Kotor, Jugoslavija
3 Ministarstvo prosvjete i nauke Crne Gore, Vuka Karaxiãa 3/4,

81000 Podgorica, Jugoslavija

Rezime

U flori okoline Kotora zabeleÿeno je 20 endemskih biqaka od kojih su 18:
Iris pseudopalida T r i n a j s t i ã , Micromeria dalmatica B e n t h a m , Acinos ma-
joranifolius M i l l ., Asperula scutelaris V i s ., Rhamnus intermedius S t e u d . et
H o c h s t ., Seseli globiferum V i s ., Stachis menthifolia V i s ., Fritilaria gracilis
( E b e l ) A s c h e r s o n & G r a e b n e r , Moltkia petraea (T r a t t .) G r i s e b .,
Chaerophyllum coloratum L., Satureja subspicata B a r t l . subsp. subspicata, Cerasti-
um grandiflorum W a l d s t . & K i t ., Arum petteri S c h o t t .; Vincetoxicum huteri
V i s . & A c h e r s o n , Galium firmum T a u s c h ; Euphorbia glabriflora V i s ., Pe-
trorhagia glumacea (C h a u b . & B o r y ) P. W. B a l l . et H e y w o o d ) i Diant-
hus cilitus G u s s . subsp. dalmaticus (Å e l a k ) H a y e k endemi balkanskog polu-
ostrva, jedna vrsta, Portenschlagiella ramosissima (P o r t e n s c h l .) T u t i n je
balkanski endem sa eksklavom u juÿnoj Italiji, a jedna vrsta, Campanula ramo-
sissima S i b t h . & S m . je balkansko-apeninski endem. Meðu navedenim endem-
skim biqkama za tri vrste, Seseli globiferum V i s ., Stachis menthifolia V i s . i
Micromeria dalmatica B e n t h a m , navodi se okolina Kotora kao locus classicus.

Sve zabeleÿene endemske biqke u flori brda Sv. Ivan su i retke biqke
ne samo u flori ispitivanog podruåja, nego i šire u flori Balkanskog poluo-
strva pa i u flori Evrope.
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CONTRIBUTION TO THE KNOWLEDGE OF
DISTRIBUTION OF AZOLLA SPECIES

IN FLORA OF SERBIA

ABSTRACT: Azolla L a m . is a tender annual floating aquatic fern occurring in
warm stagnant waters and slow streams. In 1962, it was for the first time described from
the Koviljski Rit Marsh as Azolla filiculoides L a m . The same name was quoted in Flora
of Serbia (1970). Subsequent findings presented in Flora of Serbia (1986;1992) mentioned
only Azolla caroliniana W i l l d . Our survey shows Azolla expansion concurrent with its
new localities of the Tisa river and Dunav—Tisa—Dunav (DTD) canal network (Beåej fis-
hpond, Beåej—Bogojevo canal: Crna Bara, Srbobran; Banatska Palanka—Novi Beåej canal:
Melenci, Jankov Most, Klek) where this adventive species is determined as Azolla filiculoi-
des L a m .

KEY WORDS: Azolla caroliniana W i l l d . , A. filiculoides L a m . , Flora of Ser-
bia, aquatic fern

INTRODUCTION

Azolla L a m . is a tender annual floating aquatic fern occurring in warm
stagnant waters or slow streams. This subtropical American species growing in
European botanical gardens is subspontaneously expanding. B a b i ã and
P a r a b u ã s k i (1962) were the first to describe the genus Azolla as Azolla
filiculoides L a m . on the Balkan Peninsula. In Flora of Serbia (1970) V u -
k i ã e v i ã described Azolla filiculoides L a m . from warm stagnant waters
of lowlands of Vojvodina. In Flora of Serbia (1986, Appendix 2; 1992) only
a species Azolla caroliniana was cited while A. filiculoides was omitted.
V u k i ã e v i ã (1992) quoted the following localities of Azolla caroliniana
W i l l d . in the Baåka region: canals and its branches in the vicinity of Baåka
Palanka, Åelarevo, Gloÿan, Baåki Petrovac, Begeå, Futog, Rumenka, Stepano-
viãevo, Sirig, Baåko Gradište, Temerin, Novi Sad—Baåki Jarak, Kaã, Kovilj,
Gardinovci, Lok, and Titel; in the Banat region: Perlez, Opovo, Åenta, and
Panåevo; in the Srem region: Petrovaradin, Sremski Karlovci, Åortanovci, Su-
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sek, Banovci, and Bosut; in other parts of Serbia: Veliko Gradište (Jezero) and
Smederevo. It should be emphasized that in Atlas of Flora Europaea (J a l a s
and S o u m i n e n , 1972) only the occurrence of Azolla filiculoides L a m .
in the Vojvodina region (Yugoslavia) was quoted.

Also our investigations show that this species is expanding thus the popu-
lations of Azolla filiculoides L a m . have been recorded in the Tisa river and
in the DTD canal network.

MATERIALS AND METHODS

Plant material was collected from a number of localities of Vojvodina in
the period 1994—1999. Fresh plant material was used for determination after
Flora of Serbia (1970; 1986; 1992), F e l f ö l d y (1990), and R o s e (1981)
by employing light and SE microscopy.

RESULTS AND DISCUSSION

L a m a r k 1785 was the first to describe the genus Azolla (S w e n s o n ,
1944). In older literature the genus Azolla was classified either into the family
Salviniaceae (B l a c k , 1948; D e m a l s y , 1953; B a i l e y , 1949; B e n -
s o n , 1957; M ä g d e f r a u and E h r e n d o r f e r , 1978) or in the family
Lemnaceae (R o s e , 1981). The majority of authors states however, that the
genus Azolla is the only genus of the family Azollaceae (M e l c h o i r and
W e r d e r m a n n , 1954; E i c h l e r , 1965; M o o r e , 1969; V u k i å e -
v i ã , 1970;1992). The family Azollaceae belongs to the order Salviniales,
class Pteropsida (Filicineae), and division Pteridophyta.

The genus Azolla includes annual freely floating ferns. Shoots 1—2 cm
long with abundant dichotomous branching, small roots on lower side. Minute
leaves smaller than 1mm, bright green to dark blue-green, reddish in autumn,
arranged into two rows overlapping like tiles. Reddish colour of leaflets mar-
gin originates from blue-green alga Anabaena azollae occurring in cavities of
upper leaf portion. Azolla indirectly benefits from the Anabaena ability to assi-
milate nitrogen gas representing its nitrogen nutrition source. Among vascular
macrophytes, this nutrition mode is unique to Azolla only. Unicellular or bicel-
lular pappilose hairs on adaxial leaf surface. Each leaf is divided into two
parts: upper floating and assimilating and lower submerging and uptaking wa-
ter. A great number of microsporangia aggregates into sori enclosed in indusia
on the individual parts of lower leaves. Mature microspores are interconnected
making 5—8 rounded floating massulae each containing septate or nonseptate
glochidiae on its surface. Macrospores are floating due to a special air-contain-
ing body.

According to the key to the aquatic plants (F e l f ö l d y , 1990), the two
Azolla species, Azolla caroliniana W i l l d . and Azolla filiculoides L a m . ha-
ve been described.
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Azolla caroliniana W i l l d . is bright green plant with acute upper leaf
lobe, narrow membranous at margin and bicellular hairs at leaf surface.

Azolla filiculoides L a m . is blue-green in colour, reddish in autumn,
somewhat larger than former. Upper leaf lobe obtuse, with wide membranous
margin. Dense unicellular pappilose hairs on leaf surface (Fig. 1).

In Flora of Serbia (ed. J o s i f o v i ã , 1970) the occurrence of the speci-
es Azolla filiculoides L a m . was quoted. Later issues of Flora of Srbia (ed.
S a r i ã , 1986; 1992) however, cited only the presence of Azolla caroliniana
W i l l d .

In addition to already recorded Azolla localities in Serbia (V u k i ã e -
v i ã , 1992), expansion of a neotropical species Azolla filiculoides L a m . in
the Tisa, Beåej—Bogojevo canal (Crna Bara, Srbobran), Beåej fishpond, and
northern Banat i.e. Banatska Palanka—Novi Beåej canal (Melenci, Jankov
Most, Klek) was recorded (Fig. 3). A survey of the localities of the DTD canal
network showed that Azolla filiculoides L a m . populations from dense green-
-reddish „islands" making with representatives of families Lemnaceae and Sal-
viniaceae stands of associations Lemno-Azolletum B r . - B l . 1952 and Salvi-
nio-Spirodeletum polyrrhizae S l a v n . 1956 of alliance Lemnion minoris W .
K o c h et T x . 1954 ex O b e r d 1957, order Lemnetalia W . K o c h et
T x . 1954, class Lemnetea W . K o c h et T x . 1954 are recorded. Small
dense pillow-like aggregates of Azolla filiculoides L a m . are found on muddy-
-wet sites of the Tisa.
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Fig. 1 — Leaf surface of Azolla filiculoides L a m .
with unicellular papillose hairs
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Fig. 2 — Distribution of Azolla species in Serbia
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PRILOG POZNAVAWU RASPROSTRAWEWA VRSTA RODA
AZOLLA L A M . U FLORI SRBIJE

Qiqana M. Nikoliã, Slobodanka J. Stojanoviã, Dejana M. Laziã
Poqoprivredni fakultet, Univerzitet u Novom Sadu,

Trg. Dositeja Obradoviãa 8, 21000 Novi Sad

Rezime

Azolla L a m . je neÿna, jednogodišwa, flotantna vodena paprat raspro-
strawena u toplijim stajaãim i sporotekuãim vodama. Dihotomo je granata, s
quspastim, zelenim listovima poreðanim u dva reda, koji se crepasto prepo-
krivaju. Na Balkanskom poluostrvu rod Azolla je prvi put opisan 1962. godine,
i to kao vrsta Azolla filiculoides L a m . rasprostrawena samo u Koviqskom ritu.
U Flori SR Srbije 1970. godine, Vukiãeviã opisuje rasprostrawenost vrste
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Azolla filiculoides L a m . samo u toplim stajaãim vodama nizijskog podruåja Voj-
vodine. Meðutim, Vukiãeviã, 1986. i 1992. godine u Flori Srbije opisuje opet
samo jednu vrstu, ali sada Azolla caroliniana, dok se prisustvo A. filiculoides ne
beleÿi. Prema našim istraÿivawima Azolla filiculoides L a m . je u ekspanziji,
pa je nalazimo masovno u reci Tisi, kao i u kanalskoj mreÿi HS Dunav—Ti-
sa—Dunav.
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INFECTIONS IN PARENTAL FLOCK AND EGGS ON
CAMPYLOBACTER AND SALMONELLA KINDS

ABSTRACT: Presence of Campylobacters and Salmonella in poultry material is a
matter for investigation by many authors. The results and knowledge about these two bacte-
ria is important for poultry health protection and also for human health protection, since
they are zoonosis.

The topics of our work was bacteriological investigation of digestive tract in the
laying hens of parental flock and their eggs. Our aim was to isolate and identify Campylo-
bacter and Salmonella in parental flock in order to detect findings in them and, by the ways
of bacterial egg investigations, and thus contribute solving the problem concerning vertical
transfer on their offspring. Also the aim of the work was to detect sensibility of the isolated
microorganisms on chemioterapeutics.

For bacterial investigation we used cloak swabs from heavy lines laying hens from a
house in the reproductive center where parental flocks and eggs were from the same pa-
rents. The samples were randomly taken and separated in a special cage in order to provide
conditions for following special hens and their eggs. For isolating Campylobacter we used
Columbia agar + campilosel with provided microaerophil conditions Gener box microaer,
and for isolating Salmonella we used selenite bouillon, endo and ss (Salmonella-shigela)
agar. Identification of both kinds was done by API strips and software reading the results,
but for discovering Salmonella only serotipisation was used. Investigation of sensibility of
the isolates on chemioterapeutics were done on the bases and in the conditions that were
prescribed for isolated bacteria kinds.

A total of 50 cloak swabs and 250 eggs were examined. In laying hens Campylobac-
ter kinds were isolated in 32 cases (64%), and Salmonella in 19 cases (38%). In the eggs
there were no Campylobacter kinds, while out of 250 examined eggs in 33 (13.2%) Salmo-
nella was discovered.

The results point on the presence of Campylobacter and Salmonella kinds in the dige-
stive tract; in 13.2% of eggs Salmonella was found, but there were no bacteria from
Campylobacter strain. Absence of Campylobacter kind from supports findings of those aut-
hors who consider that there is no vertical transfer of this bacteria, but findings of Salmo-
nella in eggs correspond to the experience about this kind that is transported in this way.
The biggest sensitivity on the isolated bacteria from Campylobacter kind were found
towards gentamicin, oxitetracycline, ampicillin and amoxillin, and isolated on Salmonella
stereotype towards enrofloxacine, uniquin, triquin and quinabic.

KEY WORDS: parental flock, eggs, Campylobacter, Salmonella
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INTRODUCTION

Presence of Campylobacter and Salmonella in poultry material is a matter
of investigation by many authors. The results and knowledge about these two
bacteria is important for poultry health protection, but also for human health
protection, since they are zoonoses. When speaking about Campylobacter
kinds in flocks of laying hens and in eggs (S h a n k e r , 1986), they were dis-
covered in a flock, but not isolated in eggs. Similar findings had (D o y l ,
1984) who discovered that out of 266 examined eggs, in two Campylobacter
kind was present and it was on the surface of egg-shell, but not in its content.
Presence of vibrio forms in egg follicles, oviduct and yolk in a formed egg, as
well as in dead laying hens is the topics of the work (V e l h n e r , 1980). Not
enough clear fact about possible presence of Campylobacter kind in eggs and
transfer on the offspring, as well as presence of Salmonella, presents a serious
health and financial problem (M r d j e n , 1997) that caused this research.

The topics of our work was bacteriological investigating of digestive tract
in the laying hens of the parental flock and their eggs.

Our aim was to isolate and identify Campylobacter and Salmonella in pa-
rental flock and in eggs in order to detect these kinds are present in them and
to try to contribute solving the problem concerning the vertical transmission of
laying hens on their offspring through eggs. In the work we are going to test
microorganism sensibility on chemioterapeutics.

MATERIAL AND METHODS

For bacteriological investigation we used cloak swabs from laying hens
heavy line from a building in a center with the parental flock and the eggs of
same parents. The samples were randomly taken and separated in special ca-
ges in order to provide conditions for following chosen hens and their eggs. A
total of 50 cloak swabs and 250 eggs were examined.

For isolation of Campylobacter we used Columbia agar + campilosel (an-
tibiotic addition) and was streaked by direct technique of cloak swabs. In the
case with the eggs, we streaked the egg content and parts of membrane, with
provided microaerophil conditions Gener box microaer (S k i r r o w , M . B .
and B e n j a m i n , J . , 1980, Q u i n n , P . J . et all., 1994). For isolating
Salmonella we used selenit bullion with addition of the swabs and endo and ss
(Salmonella-shigela) agar. After 48 hours of incubation at 37 C selenit bouil-
lon was streaked again (M r d j e n , 1997). Identification of both bacteria was
performed with the help of API strips and software for reading results, and in
the case of Salmonella by the method of fast agglutination.

For investigating sensibility on hemioterapeutics for Campylobacter kind
we used selective base nd microerophil condition as it was mentioned in isola-
ting these bacteria, and for Salmonella we used Muller Hinton agar.
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RESULTS AND DISCUSION

In Table 1. The results of examining 50 cloak swabs from laying hens
where presence of Campylobacter kinds and Salmonella can be seen.

Tab. 1 — The results of examining 50 cloak swabs

Microbial species Number of examined
material (cloak swabs) Number of isolates % of positive findings

Campylobacter sp. 50 32 64,00%

Salmonela sp. 50 19 38,00%

In laying hens Campylobacter kinds were isolated in 32 cases which ma-
kes 64%, out of total. The results correspond to the mentioned works (J a -
c o b s - R e i t s m a , 1995; S t o j a n o v , 1999; S t o j a n o v , 2000) where
bacterial flora of digestive tract in laying hens was analyzed and the results of
Campylobacter is within the frame of our findings. The results we got after
the examination is important from proving Campylobacter kinds in laying
hens. It may point to the possibility of vertical transmission on the offspring
by eggs because this is a parental flock. This may indicate a danger for human
population since this is a zoonosis.

Salmonella was isolated in 19 samples out of 50 examined which makes
38 % o positive findings. Positive findings on Salmonella presence is some-
how higher than in the reported works (M r d j e n , 1992; M r d j e n , 1997)
where poultry material was analyzed on the presence of Salmonella. A possi-
ble reason for this could be the origin of material, i.e. the way of raising and
exploiting the animals. The findings of Salmonella is a danger in vertical tran-
smission on the offspring, as well as a danger for humans in the case of con-
summation of the infected eggs.

When speaking about isolated bacteria, in Campylobacter kind we had
two different species: Campylobacter jejuni subsp. jejuni and Campylobacter
coli. The findings of these kind in the samples correspond to the results of
other authors (D o y l , 1984; S h a n k e r , 1986; J a c o b s - R e i t s m a ,
1994a; S t o j a n o v , 1999). This presents the most isolated strains mentio-
ned by these authors.

From Salmonella kind we isolated only one serotype — Salmonella ente-
ritidis. This kind of bacterial presents the main finding in the reported work
( M r d j e n , 1997) where it is reported that 85.71% of positive material has
its origin in poultry. This Salmonella serotype is the isolate most frequently
found in poultry material.

Table 2 shows the results after investigating eggs on presence of Cam-
pylobacter kinds and Salmonella.

Tab. 2 — The results after investigating eggs

Microbial species Number of examined
material (cloak swabs) Number of isolates % of positive findings

Campylobacter sp. 250 — —

Salmonela sp. 250 33 13,20%
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In the Table 2 one can see that no Campylobacter kind was detected
what corresponds to the results of other authors (D o y l , 1984; S h a n k e r ,
1986; J a c o b s - R e i t s m a , 1994 a; S t o j a n o v , 1999). Positive find-
ings of Campylobacter kind in digestive tract and negative findings of these
bacteria in eggs were the same as in our work and in the works of the above
mentioned authors. Absence of these bacteria supports the theory that these
microorganisms cannot be vertically transmitted.

Examining 250 we discovered presence of Salmonella in 33 samples,
which is 13.2% out of total. In our investigation the finding of Salmonella the-
re was only one Salmonella stereotype and it was Salmonella enteridis. This
correspond to the investigation of other authors (M r d j e n , 1992; M r -
d j e n , 1997) when speaking about the kind of isolate and the presence of
these bacteria in the material. Findings of the same Salmonella serotype in di-
gestive tract and in eggs prove the possibility of vertical transmission of this
bacteria and a possible danger on animals and humans.

Table 3. presents sensibility of the isolated bacteria kinds on chemiotera-
peutics

Tab. 3 — Sensibility of the isolated bacteria kinds on chemioterapeutics
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Campylobacter jejuni I S I R R S I R R I S R S I

Campylobacter coli I S S R R I I R I I S R S I

Salmonella enteritidis I I S S I I R I S I I I R R

S — Sensitiv, I — Medium sensitive, R — Resistant

Campylobacter kinds showed sensibility towards gentamicin, amoxicilline
and tetracycline, while the greatest sensibility of the isolated Salmonella se-
rotype was toward uniquine, triquine, and flumequine.

Sensibility and resistance of Campylobacter kinds on hemitherapeutics is
important from different aspects. These aspects, as it is importance of chemio-
terapeutics performance, should not be seen separate, but as a whole, and their
division is only conditional and it is for the purpose of better understanding
the problem. Knowing the drugs for treating sick animals, it presents maybe
the most important reason for investigating, and our findings correspond to the
investigation done by (G o l d s t e i n , 1982).

Besides the mentioned aspect, the importance of knowing isolate sensibil-
ity on chemioterapeutics, it seems that the reasons for knowing them are al-
most the same and possibilities are based on these characteristics, and it is iso-
lation and diagnosis of Campylobacter kinds. About these facts are also the
works of (S m i b e r t , 1981; G a r c i a , 1983). It is well known that he iso-
lated Campylobacter kind use selective bases that prevent growth of unwanted
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bacterial flora in the material where we wanted to prove presence of Campylo-
bacter, as well as the fact that part of Campylobacter identification is based on
already mentioned features of microorganisms.

Sensibility of Campylobacter and Salmonella towards quionolone, ampi-
cillin, tetracycline and erythromycin is described in the work (J a c o b s - R e -
i t s m a , 1994 b), but in the work of (M r d j e n , 1993) it can be seen that
the greatest sensibility of Salmonella towards enrofloxacin, uniquine and flu-
mequine.

CONCLUSION

1. In the work we used methodology that was used also by other investi-
gators, so the validity of the results is obvious.

2. Findings of Campylobacter kind in very high percentage 64% and Sal-
monella kind up to 38% in the digestive tract indicates their presence in the
samples.

3. Examining the eggs presence of Salmonella (up to 13.2%) was isola-
ted, but no Campylobacter kinds were discovered.

4. Isolated Campylobacter bacteria had two strains and it were Campylo-
bacter jejuni subsp. jejuni and Campylobacter coli, and in Salmonella kind
Salmonella enteritidis was isolated.

5. Findings of Campylobacter kinds in the digestive tract of laying hens
in the parental flock present a fact that may point to the possibility of vertical
transmission of bacteria, what has consequences not only on chicken but peo-
ple as well. This is true also when talking about Salmonella in the digestive
tract in laying hens.

6. Absence of Campylobacter bacteria from eggs supports the opinion of
the authors who think the vertical transmission is impossible. Positive finding
of Campylobacter in the digestive tract, negative in eggs may help solving the
dilemma of possible vertical transmission of these bacteria, while findings of
Salmonella in eggs corresponds to the experience that this kind may be trans-
mitted and thereby harm animals and people.

7. Isolate sensitivity towards hemioterapeutics is satisfactory because the-
re is a possibility of adequate therapy in treating sick animals. The findings
show that in the case of therapy, it must be done with combined medicaments,
because medicaments we have used could not cover both groups of isolates.
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INFEKCIJE RODITEQSKOG JATA I JAJA
CAMPILOBACTER I SALMONELLA VRSTAMA

Igor M. Stojanov, Dušan B. Orliã
Nauåni institut za veterinarstvo, Novi Sad, Rumenaåki put 6,

21000 Novi Sad, Jugoslavija

Rezime

Nalaz Campylobacter vrsta u visini od 64,00% i Salmonella vrsta sa 38,00%
u digestivnom traktu ukazuje na wihovo prisustvo u ispitivanim materijalima.
Pregledom jaja utvrðeno je prisustvo Salmonella sa 13,2%, dok nije izolovana ni
jedna bakterija iz roda Campylobacter.

Izolovane bakterije iz roda Campylobacter åinile su dve vrste i to Cam-
pylobacter jejuni subsp. jejuni i Campylobacter coli, a iz roda Salmonella serotip
Salmonella enteritidis.

Nalaz kampilobakter vrsta u digestivnom traktu koka nosiqa roditeqskog
jata predstavqa åiwenicu koja moÿe da upozori na moguãnost vertikalnog naåi-
na prenošewa ove bakterije, s obzirom na proizvodnu kategoriju kojoj pripada-
ju ispitivane jedinke, što ima svoje posledice kako za same piliãe tako i za
qude pošto se radi o zoonozi. Ovakvo mišqewe vredi i kada se radi o prisu-
stvu salmonela u digestivnom traktu koka nosiqa.

Odsustvo bakterija iz roda Campylobacter iz jaja govori u prilog mišqewu
onih autora koji smatraju da nije moguã vertikalan naåin prenošewa ove bakte-
rije.

Osetqivost izolata prema hemioterapeuticima je zadovoqavajuãa jer po-
stoji moguãnost adekvatne terapije i izleåewa obolelih ÿivotiwa. Nalazi su
pokazali da se mora, kada je u pitawu terapija, iãi na kombinovawe lekova, jer
lekovi koje smo mi koristili svojim dejstvom nisu mogli da pokriju obe grupe
izolata.
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boldly in black ink on good quality white tracing paper. In addition to the
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and large or complex tables as figures.
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res are to be numbered with Arabic numerals.
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contents of the table.
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UPUTSTVO ZA AUTORE

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ãi naåin:

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

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

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

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

Grad.

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

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

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

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

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

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

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

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

teÿi. Fotografije treba da imaju dobar kontrast a crteÿi treba da budu
crtani tušem, na papiru dobrog kvaliteta. Osim grafikona, metabo-
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liåke šeme, komplikovane formule i velike ili komplikovane tabele
takoðe treba tretirati kao slike.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

8. Obaveštavawe autora
8.1. Kada rukopis bude prihvaãen, autor ãe o pribliÿnom vremenu

objavqivawa biti obavešten u pisanoj formi.
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8.3. Ispravqawe teksta pripremqenog za štampu treba ograniåiti
na štamparske greške. Znaåajne promene teksta ãe se naplaãivati. Ko-
rigovani tekst treba vratiti uredništvu u najkraãem moguãem roku.

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

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

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