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INTERDEPENDENCE BETWEEN OSCILLATIONS
AND TRANSIENTS OF DELAYED FLUORESCENCE

INDUCTION PROCESSES IN THE THYLAKOID
MEMBRANE OF THE INTACT MAIZE LEAF —

RESPONSES TO EFFECTS OF INCREASED
TEMPERATURES AND DROUGHT

ABSTRACT: Standard induction processes of delayed fluorescence (DF) of chlo-
rophyll (induction signals) occur when an intact leaf segment of maize inbreds and hybrids
is kept in the phosphoroscope darkroom for more than 15 minutes (t > 15 min), and at the
same time the leaf is illuminated with the intermittent white light.

Resolved induction processes of DF chlorophyll into transients: A, B, C, D and E oc-
cur when the intact leaf segment of maize inbreds and hybrids is kept in the phosphoro-
scope darkroom for a significantly shorter period (500 s > t > 30 s), with the time rate t of
30 s, prior to its illumination with the intermittent white light. Induction transients: A, B, C,
D and E are characterised with the time of their generation: tA = 31 � 6 ms (A), tB = 5 �

0,5 s (B), tC = 15 � 5 s (C), tD = 360 � 20 s (D) and tE = 670 � 35 s (E), dynamics of
changes in transients intensities (IA, IB, IC, ID and IE) and mechanisms of their generation.
The induction processes of chlorophyll DF of the intact leaf of maize inbreds and hybrids
resolved into transients: A, B, C, D and E are accompanied by the occurrence and different
levels of activation energy (Ea, kJ mol—1) that correspond to critical temperatures ranging
from 28 to 33°C.

The generation mechanisms of induction transients A, B, C, D and E classify them
into two groups. Transients A and B are of a physical character, while the transients: C, D,
and E are of a chemical character.

It is shown that the generation of the induction transients: B, C, D and E simultane-
ously follows establishing of the oscillations of induction processes of the DF chlorophyll.
Oscillating of induction processes of DF chlorophyll is explained by the ion (K+, Na+, H+,
Cl—) transport mechanism across the thylakoid membrane of the intact leaf of maize in-
breds and hybrids grown under conditions of air drought, increased temperatures and water
deficiency in the medium.

KEY WORDS: Zea mays, intact leaf, thylakoid membrane, induction processes, tran-
sients, oscillations, critical temperature, activation energy, delayed chlorophyll fluorescence
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INTRODUCTION

In recent times, binding complex processes of fundamental sciences with
multidisciplinary ones has become the necessity. Such attempts have been
made between breeding, photosynthesis, biophysical chemistry and fluore-
scence in maize inbreds and hybrids. The present study analyses the develop-
ment of dominant processes of the stated scientific disciplines and areas of
their mutual dependence and application.

Maize breeding has been intensively developed during the last 60 years.
Because of such an activity, over 1,100 maize hybrids for grain and silage
have been developed. Contemporary technical and technological prerequisites
for conducting a modern process of breeding were provided (D u v i c k, 1984,
T r i f u n o v i ã, 1986, I v a n o v i ã et al., 1995, R a d e n o v i ã and S o m -
b o r a c, 2000). Regardless of such a colossal success in maize breeding,
eagerness and enthusiasm of the total research have not been slowing down.
The search for new methods and exact approaches in the completion and en-
richment of the research within maize breeding and seed production was conti-
nued.

The development of maize photosynthesis was quite different. Namely,
although p h o t o s y n t h e t i c processes are very spread, highly productive
in their intensity, very complex in their nature, and vastly studied in their
scientific actuality, their application in maize breeding is still insignificant. It
is almost impossible to make a distinct, direct interrelationship between photo-
synthesis and breeding. Such a state is probably a consequence of the exi-
stence of several functional interrelations that unify conformational and dyna-
mic changes within chloroplasts and their thylakoid membranes, on the one
hand, and effects of numerous environmental stress factors on them, on the
other hand.

Biophysical chemistry contributed, to a great extent, to connecting pho-
tosynthetic processes in the thylakoid membrane to the processes of fluore-
scence spectroscopy and chemical kinetics (R u b i n et al., 1988, R a d e n o -
v i ã et al., 1981, 1985).

The delayed chlorophyll fluorescence (DF) phenomenon can be described
as an occurrence of luminescence (bioluminescence) within the red range of
the visible spectrum produced by plant systems: bacteria, algae and higher
plants (maize) immediately upon their intermittent illumination (excitation) (in
case of maize upon illumination of the intact leaf) (R a d e n o v i ã et al.,
1981, 1985; R a d e n o v i ã, 1992, 1994, 1997, M a r k o v i ã et al., 1996,
1999). DF was discovered by S t r e h l e r and A r n o l d (1951) in their
attempt to reveal a nature of induction illumination in a form of biolumine-
scence. Numerous studies, especially those of the last 20 years (J u r s n i ã and
G o v i n i d j e, 1982, J u r s n i ã, 1986, M a r k o v i ã et al., 1996, 1999, V e -
s e l o v s k i and V e s e l o v a, 1990, R a d e n o v i ã, 1992, 1994, 1997, R a -
d e n o v i ã et al., 1994a, 1994b, K a l u z i et al. 2006), revealed the direct
connection between DF and photosynthetic processes, in which DF was consi-
dered as an unavoidable indicator — a susceptible „probe" for experimental
photosynthetic studies in the intact leaf of maize inbreds and hybrids (R a d e -
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n o v i ã, 1992, 1994, 1997, 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).
Today, as well as, in the near future, DF shall be an efficient tool, i.e. a me-
thodological approach in studies of certain, mostly very complex photoproces-
ses in the light phase of photosynthesis. In relation to this approach, induction
processes of chlorophyll DF, their resolution into several mutually dependent
transients, generating of oscillations and rhythms and their correlation are con-
sidered as actual scientific issues. Within the scope of the stated, question arise
about the activation energy and critical temperatures within activities of the to-
tal induction processes of chlorophyll DF. Hence, these issues and their inter-
relations are an objective of the present study.

MATERIAL AND METHODS

The studies were done with the intact leaf of the selected hybrids: ZPDC
360, ZPSC 46A, ZPSC 704 and ZPSC 71, and inbred lines: ZPR70ÿ and
Oh43, tolerant and resistant to effects of increased temperatures and drought.
The test plants were grown in pots in the glass-house under conditions of con-
trolled and regulated air drought, relative humidity, temperatures and a redu-
ced amount of water in the medium. Changes in the temperature were control-
led and it reached the level of 38°C, although mostly ranged from 28 to 38°C.
Plants were grown under such conditions through all stages of their growth
and development. Recordings were done for four years in June, July and Au-
gust. Maize plants were brought from the glass-house into the laboratory du-
ring morning hours (between 7 a.m. and 8 a.m.). Plants sampled in the
glass-house were transversally cut in the ground internode. In the laboratory,
plants were internode lengthwise placed in water. Two hours prior to the bio-
luminescence experiment, the plants were kept under the black ball glass. A
segment of ear intact leaves was taken from such plants and placed into a
chamber of the Becquerel phosphoroscope. These studies were done with 40
plants each of maize hybrids and maize inbreds.

The non-invasive photosynthetic fluorescence method was used to mea-
sure the intensity of the chlorophyll DF induction process. These measures
also included the resolution of the induction curve into the transients: A, B, C,
D and E, as well as, recording of the generation of oscillations and rhythms.

The improved non-invasive photosynthetic fluorescence method used to
measure induction processes of chlorophyll DF is schematically presented in
Fig. 1. This block scheme of the photosynthetic fluorescence method was de-
veloped at the Maize Research Institute, Zemun Polje. Measurements of chan-
ges in the induction processes of chlorophyll DF were performed after a me-
thod that had been both, in principle and details, described in previous papers
( R a d e n o v i ã et al., 1981, 1985, R a d e n o v i ã, 1985, 1992, 1994, 1997,
M a r k o v i ã et al., 1996).

9



RESULTS

1. Standard induction processes

Standard induction processes of delayed fluorescence (DF) of chlorophyll
(induction signals) occur when an intact leaf segment of maize inbreds and
hybrids is kept in the phosphoroscope darkroom for more than 15 minutes (t >
15 min), and at the same time is illuminated with the intermittent white light.
Results of induction processes of chlorophyll DF are presented in Fig. 2.
Under given conditions the induction curve of chlorophyll DF does not pro-
vide the possibilities of oscillations generation or the formation of transients
on it: A, B, C, D and E of induction processes. The registered form of the
standard induction curve of chlorophyll DF has four typical parts. The part „a"
is formed very quickly, for about 1—2 s, the part „b" designates the maximum
level of the induction curve intensity, the part „c" is gradually formed in the
exponential trend, and at the end, the part „d" represents the stationary level of
the induction curve of chlorophyll DF, Fig. 2.

10

Fig. 1. — Experimental setup of the photosynthetic fluorescence method and measuring
equipment for delayed chlorophyll fluorescence: C — dark chamber with a sample stand;

s — sample (intact leaf segment), F — filters, ELS — excitation light source,
PH — photo-multiplier; O — oscilloscope, R — printer, ELB — excitation light beam,

DF — luminescent light (delayed fluorescence), IS — input dark chamber slot,
OS — output dark chamber slot



2. Resolution of delayed chlorophyll fluorescence induction processes
into transients

The resolution of the induction processes of chlorophyll DF into tran-
sients: A, B, C, D and E and the appearance of oscillations occur when the in-
tact leaf segment of maize inbreds and hybrids is kept in the phosphoroscope
darkroom for a significantly shorter period (500 s > t > 30 s) prior to its illu-
mination with the intermittent white light, Fig. 3.

Results of the experimental resolution of induction processes of chloro-
phyll DF into transients: A, B, C, D and E are presented in Fig. 4—6 and Tab. 1.

11

Fig. 2. — Schematic illustration of standard induction curve of chlorophyll DF typical
for the intact leaf of maize inbreds and hybrids kept in the phosphoroscope darkroom

longer than 15 minutes (t > 15 min)
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Fig. 3. — Schematic illustration of possible sites of the oscillation generation
and the formation of transients: A, B, C, D, E of the induction processes of delayed

chlorophyll fluorescence in the intact leaf of maize inbreds and hybrids

Fig. 4. — Experimental detection of the transient A of the induction
processes of delayed chlorophyll fluorescence in the intact leaf of maize inbreds
and hybrids with the use of the storage oscilloscope and a time scale of 1 ms



Tab. 1. — Time parameters of transients, A, B, C, D and E of the induction processes of delayed
chlorophyll fluorescence in the intact leaf of studied maize inbreds and hybrids at 25°C

Time of generation
of transients:
A, B, C, D and E

Transients of the induction processes of delayed chlorophyll
fluorescence in the intact leaf of maize inbreds and hybrids

A: tA, ms B: tB, s C: tC, s D: tD, s E: tE, s

Time of the beginning of
transient generation 2—4 0.8—1.0 9—11 110—130 180—240

Time of transient generation
with the maximum intensity 28—32 6—7 13—17 180—200 380—480

(decrease)

Longest time of transient
generation 75—80 8—9 21—23 480—500 8400

Average time of transient
generation 31 ± 6 5 ± 0.5 15 ± 5 360 ± 20 670 ± 35

13

Fig. 5. — Typical presentation of the experimental results on the resolution into transients:
B, C, D and E of the induction processes of delayed chlorophyll fluorescence in the
intact leaf of maize inbreds and hybrids for the time t in seconds (500 s > t > 30 s)
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Fig. 6a-f — Experimental results on the resolution of the induction curve of delayed
chlorophyll fluorescence into transients: B, C, D and E for the following values of t:

90s, 120s, 150s, 180s, 210s and 240s



3. Dynamics of changes in intensities of transients of delayed chlorophyll
fluorescence induction processes in dependence on temperature

Obtained results on changes in the intensity of induction transients: B, C,
D and E in observed maize inbreds and hybrids in dependence on temperature
are presented in Fig. 7 and Tab. 2.

Tab. 2. — Temperatures of the transition period of transients: B, C, D and E of delayed chlo-
rophyll fluorescence induction processes in the intact leaf of studied maize inbreds and hybrids

Previous intact leaf
dark period (t, s)

Temperatures of transition period, t °C

Transient B Transient C Transient D Transient E

30 33.3 ± 0.2 28.5 ± 2.5 31.6 ± 0.2 30.8 ± 0.2
60 23.4 ± 0.3 32.7 ± 3.0 25.4 ± 0.3 22.0 ± 0.3
90 19.5 ± 0.2 25.8 ± 0.3 26.5 ± 0.2 20.5 ± 0.4

120 17.9 ± 0.2 25.0 ± 0.5 22.5 ± 0.2 21.0 ± 0.4
150 24.7 ± 0.4 26.3 ± 0.4 22.5 ± 0.2 25.0 ± 0.3
180 24.0 ± 0.3 26.3 ± 0.3 23.1 ± 0.2 23.8 ± 0.5
210 24.3 ± 0.3 31.0 ± 0.4 22.0 ± 0.2 22.2 ± 0.3
240 26.1 ± 0.3 32.0 ± 0.4 23.8 ± 0.2 22.8 ± 0.5

15

Fig. 7. — Dynamics of changes in intensities of transients B, C, D and E of delayed
chlorophyll fluorescence induction processes in dependence on temperature



Fig. 7 shows that changes in the intensities of transients B and D are si-
milar. In the beginning, the intensity of the transient B (IB) increases at the
temperature range of 24—29°C, then reaches and maintains the maximum va-
lue within the temperature range of 29—32°C, and after that, it gradually dec-
reases at the temperature range of 32—38°C. The intensity of the transient D
(ID) shows the similar trend, but its parabola has a somewhat steeper slope
(Fig. 7). On the other hand, the dynamics of changes in the intensity of the
transient C (IC) is different. It is an inverse sigmoid (in the beginning, the in-
tensity of the transient C increases at the temperature up to 26°C, when it re-
aches its maximum, then it gradually decreases at the temperature of 35.5°C at
which it reaches its minimum and then again it increases up the temperature
range of 35.5—38.0°C) (Fig. 7). Changes in the intensity of the transient E
(IE) are standard and expected.

4. Activation energy of transients of delayed chlorophyll
fluorescence induction processes

Tab. 3 presents results on the activation energy (Ea) of transients B, C, D
and E of chlorophyll DF induction processes

Tab. 3. — Activation energy of transients: B, C, D and E of delayed chlorophyll fluorescence in-
duction processes in the intact leaf of studied maize inbreds and hybrids

Previous intact leaf
dark period (t, s)

Activation energy (Ea, kJ mol—1)

Transient B Transient C Transient D Transient E

30 65.37 83.69 266.98 32.08
60 32.90 23.80 39.66 26.28
90 51.81 14.03 27.83 53.68

120 52.96 47.68 63.68 92.53
150 30.07 68.52 93.53 106.62
180 25.97 75.05 116.27 106.32
210 22.35 34.43 132.19 92.74
240 21.60 30.09 131.80 74.49

The dynamics of changes in the intensities of transients: IB, IC, ID and IE
(Fig. 7), changes in the phase transition temperature (Tab. 2) and the activa-
tion energy (Tab. 3) do not proceed according to a certain established rule,
which indicates the rapidity of their occurrence and the total complexity of
photosynthetic and fluorescence system.

5. The correlations of transients with oscillations in the delayed
chlorophyll fluorescence induction processes

Experimental results on dependency of intensities of transients B, C, D
and E and oscillations in chlorophyll DF induction processes in studied maize
inbreds and hybrids are presented in Fig. 8—11.
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Fig. 8. — Generation of the standard induction curve of delayed chlorophyll fluorescence
with transients B or C, D and E in the intact leaf of studied maize inbreds and hybrids

grown under common physiological conditions

Fig. 9. — Generation of the excited state of the induction curve of delayed chlorophyll
fluorescence with transients B, C, D1, D2, D3 and E in the intact leaf of studied maize

inbreds and hybrids grown under conditions of weak air drought
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Fig. 10. — Generation of the fluctuation of induction curve of delayed chlorophyll
fluorescence with transients B or C, D1, D2, D3, D4 and E in the intact leaf of studied

maize inbreds and hybrids grown under conditions of severe air drought

Fig. 11. — Generation of the oscillations of the induction curve of delayed chlorophyll
fluorescence with transients B, C, D1, D2, D3, D4 and E in the intact leaf of studied

maize inbreds and hybrids grown under conditions severe air drought and
reduced water in the medium



If observed maize inbreds and hybrids are grown under conditions of dif-
ferent intensities of air drought, decreased relative humidity and higher tempe-
ratures, obtained fluorescence responses of induction processes will be not
only with transients but also with oscillations.

According to such studies the intensities of transients: B, C, D and E of
chlorophyll DF induction processes are connected to the induction and the
establishment of processes of instability, excited state, fluctuations and oscilla-
tions in thylakoid membranes in the intact leaf of maize inbreds and hybrids.
Such a response was obtained in observed maize inbreds and hybrids that were
tolerant and resistant to drought, Fig. 8—11.

DISCUSSION

In the experimental resolution of chlorophyll DF induction processes,
transients B, C, D and E were initially revealed by the application of the stan-
dard procedures for chlorophyll DF detection (R a d e n o v i ã et al., 1981).
Much later, the transient A was revealed (R a d e n o v i ã, 1997). It was much
more difficult to be detected. It was necessary to provide a storage oscillo-
scope and to connect it to the equipment set up to register chlorophyll DF in-
duction processes. Induction transients: A, B, C, D and E are characterised by
their general and physical and chemical parameters, i.e. time of their gene-
ration (tA, tB, tC, tD and tE), dynamics of changes in transient intensities (IA, IB,
IC, ID and IE) and mechanisms of their generation, Tab. 1 and Fig. 7.

Generation mechanisms of transients A, B, C, D and E

The generation mechanism of the transient A is explained by its con-
nection to the primary photochemical act that predominantly affects the forma-
tion of the induction dipole within the photosystem II reaction centre. The ge-
neration of this transient is a result of the orientation of electric dipoles in the
thylakoid membrane under effects of the illumination with the intermittent
white light that excites them. The dipole orientation induces an electric field.
Such dipoles define the transient A pointing out to its physical nature and its
effects on the delayed chlorophyll fluorescence induction processes.

The transient B generation is primarily attributed to the formation of the
electrochemical gradient across the thylakoid membrane after the illumination
of the intact leaf segment with the intermittent white light. More precisely, this
transient strongly depends on the electrical component of the electrochemical
gradient (DF). The transient B is a direct product of the thylakoid membrane
excitation under the illumination with the intermittent white light. It is be-
lieved that a photodipole interacts with other membranous structures and that
this interaction causes the excitation that is in fact expressed as the transient B
of the chlorophyll DF induction processes. As this interaction is rapid, more
rapid than chemical reactions, its basis is not purely chemical but much more
physical.
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It is considered that the transient C generation depends on photosensitive
reactions centres. These centres depend on t (previous intact leaf dark period),
i.e. their number increases in dependence on t, and then conformational and
functional changes occur in certain protein structures that determine mutual
position of acceptors (Cha) in the reaction centre. This transient has kinetic
characteristics similar to the transient B as it is susceptible to the presence of
valomycin, which is capable to eliminate the electrochemical gradient (R a d e -
n o v i ã, 1997, R a d e n o v i ã et al., 2003, 2007, M a r k o v i ã et al., 1999;
K a l a u z i et al., 2006). The transient C depends on the electron transport
between two photosystems (PS II and PS I). In particular, the intensity of this
transient increases with the increase of the accumulation of X— (secondary PS
I electron acceptor in the reduction form until it reaches its peak that cor-
responds to the electrochemical gradient maximum). The X— accumulation
corresponds to the accumulation of PS II Ph— and Q—. Similarly, the drop in
the transient C intensity is caused by the decrease of the electrical component
of the electrochemical gradient (DF), and cation diffusion from thylakoids. It
is in fact, the indication of the dissipation of the electrochemical gradient. Ki-
netic characteristics of these transients depend on the duration of the dark pe-
riod. The prolongation of the dark period leads to the decrease in the transient
C intensity and simultaneously to the increase in the transient D intensity.

The transient D of the chlorophyll DF induction curve appears, and there-
fore it is easily detected, only when its observation is performed outside of the
optimal temperature range (28°C < t < 16°C). Hence, this transient primarily
depends on the temperature. The transient D also depends on the electrochemi-
cal gradient, particularly on its proton component (DpH). The formation of the
electrochemical gradient relates to „energisation" of thylakoids, which are
dynamic entities whose structures and functional properties response to envi-
ronmental stimuli. Therefore, if the transient D amplitude increases, correspon-
ding changes in the thylakoids structure will occur in the course of protonation
and phosphorylation. In case of the transient D drop, changes in thylakoids
structure cause mutual nearing of photosystems I and II and alleviate the in-
tersystem electron transmission. It was determined that transients C and D can
be kinetically expressed by two consecutive chemical reaction of the first order
with different rate constants, Tab. 4 (R a d e n o v i ã et al., 1985).
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Tab. 4. — Rate constants of chemical reactions in the thylakoid membrane of the intact leaf of
maize inbreds and hybrids for transients C and D of delayed chlorophyll fluorescence induction
processes at 25°C

Intact leaf of maize
inbreds and hybrids

Rate constants of chemical reactions

Transient C Transient D

ZPDC 370
kC1 = 5,13 x 10—3s—1 kD1 = 3,98 x 10—3s—1

kC2 = 2,41 x 10—3s—1 kD2 = 2,04 x 10—3s—1

ZPSC 46A
kC1 = 5,41 x 10—3s—1 kD1 = 4,88 x 10—3s—1

kC2 = 6,13 x 10—3s—1 kD2 = 2,10 x 10—3s—1

ZPSC 704
kC1 = 2,60 x 10—3s—1 kD1 = 3,70 x 10—3s—1

kC2 = 8,30 x 10—3s—1 kD2 = 3,20 x 10—3s—1

ZPSC 71
kC1 = 2,82 x 10—3s—1 kD1 = 3,55 x 10—3s—1

kC2 = 3,16 x 10—3s—1 kD2 = 4,28 x 10—3s—1

ZPR70ÿ
kC1 = 4.80 x 10—3s—1 kD1 = 3.50 x 10—3s—1

kC2 = 6.10 x 10—3s—1 kD2 = 3.20 x 10—3s—1

Oh 43
kC1 = 5.10 x 10—3s—1 kD1 = 4.60 x 10—3s—1

kC2 = 6.30 x 10—3s—1 kD2 = 2.90 x 10—3s—1

The stationary level is regularly established in the course of recording of
all induction signals of delayed chlorophyll fluorescence. In case of its dissi-
pation, this level is designated as the transient E. The stationary level of the
chlorophyll DF induction curve is established by the drop of the electrochemi-
cal gradient across the thylakoid membrane and it maintains the slow changes
in the intensity of the chlorophyll DF induction processes. Furthermore, the
stationary level of the chlorophyll DF induction curve generally rises with the
temperature increase. However, this level depends on the state of photosynthe-
tic structures in observed intact leaves of maize inbreds and hybrids. Under
particular conditions including effects of environmental factors, the transient E
can take oscillatory properties (R a d e n o v i ã et al., 1981).

The correlations of transients with oscillations in induction processes

Studies on oscillatory phenomena in biological systems, and especially in
photosynthetic structures, are relatively a novel subject matter. A great number
of issues within the field of oscillatory phenomena have been just set up, ini-
tiated or only processed to some extent. Namely, a matter of dispute concerns
the correlation of transients of chlorophyll DF induction processes with provo-
king and establishing instabilities, excited states, fluctuations and oscillations
in thylakoid membranes of segments of the maize intact leaf. Such a response
was obtained in maize inbreds and hybrids that were tolerant and resistant to
drought. The test plants were grown in pots with soil in the glass-house under
conditions of controlled and regulated air drought, lower relative humidity,
temperature and a reduced amount of water in the medium.

Studying chlorophyll DF induction processes in the intact leaf of maize
grown under common and physiological conditions the obtained response was
in a form of a chlorophyll DF induction curve in which transients were only
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partially expressed, Fig. 8. Instabilities, excited states, fluctuations and oscilla-
tions were not detected in them. However, if observed maize inbreds and
hybrids had been grown under conditions of weak air drought then fluore-
scence responses with rhythmical characteristics were obtained and signifi-
cantly differed from the common chlorophyll DF induction curve. Such a re-
sponse with the oscillatory characteristics of chlorophyll DF induction proces-
ses can have an excited state of the induction curve that remains within the
region of its stationary level, which can be affected by transients, Fig. 9.
Rhythms can occur in the form of fluctuations of the chlorophyll DF induction
curve and can be significantly affected by transients, Fig. 10. At the end, oscil-
lations of the chlorophyll DF induction curve can be expressed in a form of a
regular oscillation of the delayed chlorophyll fluorescence stationary level,
Fig. 11.

The correlation of transients of chlorophyll DF induction processes with
phenomena of instabilities, fluctuations and oscillations is difficult to explain.
However, it is believed that transients B, C and D initiate and provoke the sta-
ted phenomena (R a d e n o v i ã et al., 1981). Two explanations of their corre-
lations will be briefly presented in this paper. The first explanation is based on
the existence of structural and functional regulation within the system of chlo-
roplast of the maize intact leaf in the process of its formation. In other words,
this explanation is based on the existence of active reversible links in the
system functioning in the rhythmic fluctuating regime. It means that when a
photosynthetic apparatus of the intact leaf functions under conditions that it
depends on the environmental factors, a periodicity (rhythmicity) of the tem-
poral dependence of structural and functional parameters of the maize leaf
occurs.

The starting point of the second explanation is that the phenomena of in-
stabilities, fluctuations and oscillations in the assumed liquid mosaic membra-
nous model can be correlated with the excited state of the thylakoid mem-
brane. The excited state of the thylakoid membrane implies complex confor-
mation changes, and by it, significant functional changes. Namely, proteins
migrate and oscillate on the surface of the thylakoid membrane (changes in the
surface charge density) and provoke transport process of K+, Na+, H+ and Cl—

(R a d e n o v i ã, 2001). It is quite possible to expect that changes in ions
within and across the thylakoid membrane reflect on the stability of the statio-
nary level of the chlorophyll DF induction curve in such a way that it acquires
properties of the oscillator. It should also be mentioned that one of the
pathways of normalising the structure and function of the excited thylakoid
membrane leads via the process of phospholipid oxidation, and then via a pro-
cess of resynthesis of non-oxidative products. These facts are also favoured by
the information that the active transport and passive exit of cations and anions
are closely related to the periodicity of the hydrolysis and resynthesis of
phospholipids, as well as, that they affect activities of macroenergetic com-
pounds (ATP and ADP) in the thylakoid membrane, which can express insta-
bilities, fluctuations and can assume the property of the oscillator and therefore
it can transmit them on the chlorophyll DF induction processes (R a d e n o -
v i ã et al., 1981; R a d e n o v i ã, 2001).
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CONCLUSION

According to gained and presented results it can be concluded that the
improved photosynthetic-fluorescence method can be successfully applied in
the studies on chlorophyll DF induction processes that are resolved into tran-
sients A, B, C, D and E and in which oscillations can be generated.

The interdependence of oscillations and induction transients A, B, C, D
and E occurs in the intact leaves of studied maize inbreds and hybrids grown
in the glass-house under different conditions of controlled and regulated air
drought, different % of relative humidity, temperature effects and the water de-
ficiency in the medium.

The following properties of the chlorophyll DF induction processes were
determined: this study presents conditions under which standard induction pro-
cesses of chlorophyll DF were established in the intact leaf of maize inbreds
and hybrids and conditions under which the induction signal resolved into
transients. The existence of transients A, B, C, D and E was identified. Tem-
poral, physical and chemical parameters for stated transients were shown in
the present study. Mechanisms of their occurrence were explained.

The following properties of oscillations of the chlorophyll DF induction
processes were determined: this study presents conditions under which the
exited state occurred, fluctuations appeared and oscillations were established in
the thylakoid membrane of the intact leaf of maize inbreds and hybrids; the
hypothesis on the mechanism of the generation of oscillations; the interdepen-
dence of the generation of oscillations and transients of chlorophyll DF induc-
tion processes was explained in the present study.
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MEÐUZAVISNOST OSCILACIJA I TRANZIJENATA INDUKCIONIH
PROCESA ZAKASNELE FLUORESCENCIJE HLOROFILA U

TILAKOIDNOJ MEMBRANI INTAKTNOG LISTA KUKURUZA —
REAKCIJE NA DELOVAWE VIŠIH TEMPERATURA I SUŠE

Åedomir N. Radenoviã1, 2, Ksenija P. Markoviã1, Aleksandar R. Radojåiã1,
Violeta B. Anðelkoviã1, Aleksandar J. Kalauzi3

1 Institut za kukuruz „Zemun Poqe", Beograd, Srbija
2 Fakultet za fiziåku hemiju, Univerzitet u Beogradu, Beograd, Srbija

3 Centar za multidisciplinarne studije, Univerzitet u Beogradu,
Beograd, Srbija

Rezime

U ovom radu ostvaruje se primena poboqšanog fotosintetiåno-fluore-
scentnog metoda u prouåavawu sloÿenih indukcionih procesa zakasnele fluo-
rescencije (ZF) hlorofila, koji su razloÿeni na tranzijente: A, B, C, D i E i
kod kojih mogu da nastanu oscilacije. Meðuzavisnost oscilacija i indukcionih
tranzijenata: A, B, C, D i E javqa se kod intaktnih listova linija (ZPR 70ÿ i
Oh 43) i hibrida (ZPDC 360, ZPSC 46A, ZPSC 704 i ZPSC 71) kukuruza koji
su gajeni u staklari u uslovima razliåite vazdušne suše, delovawa viših tem-
peratura i deficita vode u podlozi.
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Posebno se ukazuje na uslove pri kojima dolazi do uspostavqawa standard-
nih indukcionih procesa ZF hlorofila. Daje se kraãi opis standardne induk-
cione krive ZF hlorofila. Znatno detaqnije daju se eksperimentalni rezulta-
ti o razlagawu indukcionih procesa ZF hlorofila na tranzijente: A, B, C, D i
E. Pokazani su vremenski i fiziåko-hemijski parametri za prouåavane induk-
cione tranzijente. Objašweni su wihova priroda i mehanizmi nastajawa.

Utvrðene su karakteristike i mehanizam nastajawa oscilacija indukcio-
nih procesa ZF hlorofila. Dati su uslovi pri kojima dolazi do pojave pobuðe-
nog stawa, nastajawa fluktuacija i uspostavqawa oscilacija indukcionih pro-
cesa ZF hlorofila u tilakoidnoj membrani intaktnog lista linija i hibrida
kukuruza. Izneta je hipoteza o mehanizmu nastajawa oscilacija. Objašwena je
meðuzavisnost uspostavqawa oscilacija i tranzijenata indukcionih procesa
ZF hlorofila.
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MULTI DRUG RESISTANCE OF CAMPYLOBACTER JEJUNI
AND CAMPYLOBACTER COLI TO TESTED ANTIBIOTICS

IN STRAINS ORIGINATING FROM HUMANS,
POULTRY AND SWINE

ABSTRACT: Thermophilic Campylobacter are among the most common cause of
bacterial enteritis in humans. Food animals are considered one of the most important sour-
ces of Campylobacter causing infections in man. Campylobacter infection is clinically mild
and resolves spontaneously. In severe or long-lasting cases, treatment with antibiotics is ne-
cessary. Resistance of Campylobacter spp. to drugs used in treatment of infection is a mat-
ter of concern.

The aim of this paper is to determine presence of multi drug resistant strains of
Campylobacter jejuni and Campylobacter coli isolated from animals and man.

Material for testing was obtained by scraping the cecum surface from boilers, pig ce-
cum and colon, and human feces. For isolation Campylobacter jejuni and Campylobacter
coli microaerophilic conditions, temperature of 42°C and antibiotic supplement were re-
quired to inhibit the growth of other intestinal bacteria. In this research, for sensitivity tes-
ting of Campylobacter jejuni and Campylobacter coli three different methods were used:
disc diffusion test, E-test, and dilution agar method.

A total of 55 strains of Campylobacter jejuni and Campylobacter coli. Out of the to-
tal, 24 strains originated from man, 16 from broilers were isolated, and 15 from pigs. Multi-
drug resistance was determined in cases when the strains were resistant to two or more anti-
biotics. Applying E-test, we detected that the largest number of Campylobacter jejuni were
multi drug resistant to two antibiotics (41.2%), and three antibiotics (11.8%). Applying disc
diffusion method it was detected that 5.9% of Campylobacter jejuni from man was resistant
to four tested antibiotics. Applying all three methods, it was detected that the largest num-
ber of Campylobacter strains was resistant to two antibiotics and three antibiotics. Applying
disc diffusion method it was detected that 50% of Campylobacter coli strains from pigs
were resistant to three tested antibiotics.

KEY WORDS: Campylobacter jejuni, Campylobacter coli, antibiotics, multi drug re-
sistance, humans, broilers, pigs
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INTRODUCTION

The genus Campylobacter consists of 18 species, but humans are most
often affected by thermophilic Campylobacter: Campylobacter jejuni, Cam-
pylobacter coli, Campylobacter lari and Campylobacter upsaliensis.

Thermophilic Campylobacter are extremely hard for cultivation since they
require special media supplemented with antibiotics that suppress the growth
of other enteric bacteria, microaerophilic atmosphere (5% O2, 10% CO2 and
85% N2) and temperature of 42°C.

Animals are rarely infected, and if infected the disease is followed by
mild symptoms (L o p e z et al., 2002). Campylobacter colonize animals in
different percentage. Poultry, aged two to three weeks, is colonized by ther-
mophilic Campylobacter spp. 50—90% (N e w e l, 2002). Pigs are colonized in
a smaller percentage than poultry.

Campylobacter jejuni and Campylobacter coli are the most common cau-
ses of enteric infection in humans worldwide. There are up to 400 000 000 ca-
ses per annum. An important factor for the occurrence of this disease is low
infective doses of only 500 microorganisms (W a l k e r et al., 1986).

Drugs of choice for treating campylobacteriosis are erythromycin, quino-
lone, tetracycline, ampicillin, chloramphenicol and gentamicin.

Nowadays there is a compelling evidence that there is an increases of re-
sistance of bacteria genus Campylobacter to antibiotics administered in human
treatment (A a r e s t r u p and E n g e b e r g, 2001, 2001; A q u i n o x et al.,
2002; A v r a i n et al., 2003; B u t z l e r, 2004; B y w a t e r et al., 2004;
C a r d i n a l e et al., 2002; G e B e i l e i et al., 2002).

Campylobacter resistant strains have mainly emerged as a consequence of
the use of antimicrobial agents in food animal production (A a r e s t r u p and
E n g e r e r g, 2001; S a v a ¤ a n et al., 2004).

The objective of this paper was to use different sensitivity methods and
determine sensitivity of Campylobacter spp. (originating from humans, broilers
and pigs) to erythromycin (E), tetracycline (TET), ampicillin (AM), chloram-
phenicol (CHl) and ciprofloxacin (CIP) and to determine percentage of multi
drug resistance of Campylobacter jejuni and Campylobacter coli.

MATERIAL AND METHODS

The material for examination was obtained from broiler's cecum and pig
colon, as well as human feces. For isolation of thermophilic Campylobacter
standard methods were applied (T a m b u r, 2007). The following classical and
commercial biochemical tests for identification of Campylobacter were used:
catalase, oxidize, hydrolyze hippurate, hydrolyze indoxyl acetate, fast H2S test,
nalidixic acid resistance, and cephalothin resistance.

The final identification of Campylobacter spp. was done by automatic
identification system API Campy (Bio Merieux, France). The obtained isolates
were kept in brain and heart infusion broth (HIB) with 30% glycerol at the
temperature of –70°C for further examination (T a m b u r, 2007).
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For testing the sensitivity of Campylobacter jejuni/coli disc diffusion me-
thod according to Kirby-Bauer, agar dilution method and E-test were used.

In sensitivity testing of Campylobacter spp. disk diffusion method accor-
ding to Kirby-Bauer Mueller Hinton agar was used, enriched with 5% sheep
blood. Desired Campylobacter density was achieved by comparison to 0.5
MacFarland standard that is approximately close to the standard of 1x108 bac-
teria/ml. After incubation radius of inhibition growth for the examined antibio-
tics was measured and the strains were divided in S, I and R categories. These
data were used for Haemophilus spp. and Streptococcus pneumoniae, based on
the recommendation of Clinical Laboratory Standards Institute, SAD (CLSI)
from 2006.

Minimal values of inhibitory concentration (MIC) for antibiotics were
measured applying dilution method. According to standard (CLSI) for MH
agar approximately 104 bacteria/ml were streaked, and this was achieved by
applying 2ml of prepared inoculum of 107 bacteria/ml density.

Besides the examined strains, the referent strains were also streaked on
agar plate (Campylobacter jejuni ATCC — 33560 and Campylobacter coli
ATTCC — 33559).

MIC was the lowest concentration of the examined antibiotics with no vi-
sible bacteria growth. Since there is no standard for limiting values in exami-
ning MIC for Campylobacter, minimal values for erythromycin were used that
refer to Streptococcus pneumoniae, but for other antibiotics standards for Ente-
robacteriaceae were used (M i l j k o v i ã - S e l i m o v i ã et al., 2004).

E-test is a diffusion test for determining minimal inhibitory concentration
(MIC) of antibiotic for particular bacteria. Single colonies of bacteria were sus-
pended in 4 ml Mueller Hinton broth to obtain density suspension that is in
accordance to McFarland scale equal to 0.5. The suspension of examined bac-
teria strains was streaked on Mueller Hinton agar with 5% of defibrinated
sheep blood using sterile swab. E-test strips (AB Biodisk, Solna, Sweden), that
consist of MIC reading scale in mg/ml and a two-letter code on the handle to
designate the identity of the antibiotic, were applied on dried plates, for two
minutes. The plates were incubated for 48 hours at 37°C microaerophilic, and
the values of MIC were read. Minimal inhibitory concentration were read
where the ellipse edge intersects the strip. The expected values were given by
the producer.

For check of the aforementioned methods and quality of media referent
strains of Campylobacter jejuni ATCC-33560 and Campylobacter coli —
ATCC-33559 were used.

In the Table 1. the values of antibiotic concentration E-test strips are gi-
ven, as well as expected values for result interpretation (T a m b u r, 2007).
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Tab. 1 — A display of antibiotic concentration on E-test strips expressed in mg and MIC values
for result interpretation

Antibiotics Antibiotic
concentration (mg)

Sensitivity
(mg)

Intermediary
sensitivity (mg)

Resistant
(mg)

Ampicillin 0.016—256 � 8 16 � 32
Erythromycin 0.016—256 � 0.5 1—4 � 8
Chloramphenicol 0.016—256 � 8 16 � 32
Ciprofloxacin 0.002—32 � 1 2 � 4
Tetracycline 0.016—256 � 4 8 � 16

RESULTS

In Table 2 and 3 are displayed the results on presence of multi drug resi-
stant strains of Campylobacter jejuni and Campylobacter coli. All the strains
were resistant on 3 or more antibiotics, and were therefore found multi drug
resistant. However, having in mind the importance of Campylobacter in hu-
man and veterinary medicine, and knowing that for treatment of this disease
only 6 antibiotics may be used (5 were used in this testing) the tables also
show the results that refer to the strains resistant only to 2 antibiotics (T a m -
b u r, 2007).

Tab. 2 — Multi drug resistant strains of Campylobacter jejuni originating from humans, broilers
and pigs

Methods of Campylobacter
sensitivity testing on antibiotics

Number of antibiotics that were resistant (in %)

2 3 4 5

Disc diffusion method

Strains originating from humans 35.3 17.6 5.9
Strains originating from pigs 20.0
Strains originating from broilers 30.0 10.0

E-test

Strains originating from humans 41.2 11.8
Strains originating from pigs 20.0 20.0
Strains originating from broilers 30.0 10.0

Dilution method in agar

Strains originating from humans 47.1 11.8
Strains originating from pigs 20.0 20.0
Strains originating from broilers 30.0 10.0

Three methods were used for sensitivity testing of thermophilic Campylo-
bacter strains isolated from animals and man. For Campylobacter jejuni multi
drug resistance to these antibiotics was detected. In most strains, there was a
multidrug resistance to two antibiotics. The percent of this resistance was quite
unified in the strains originating from humans, broilers and pigs. Only ap-
plying disc diffusion method with strains originating from humans and broi-
lers, Campylobacter jejuni was multi drug resistant to four examined antibio-
tics.
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Tab. 3 — The results of examining sensitivity of Campylobacter coli originating from humans,
broilers and pigs to antibiotics

Method for sensitivity testing of
Campylobacters on antibiotics

Number of antibiotics that were resistant (in %)

2 3 4 5

Disc diffusion method

Strains originating from humans 42.9
Strains originating from pigs 30.0 50.0
Strains originating from broilers 16.7

E-test

Strains originating from humans 42.9
Strains originating from pigs 30.0 40.0
Strains originating from broilers 16.7

Dilution method in agar

Strains originating from humans 42.9
Strains originating from pigs 40.0 40.0
Strains originating from broilers 16.7

Campylobacter coli was resistant when three methods were applied. Ap-
proximately the same resistance was found in two, but also three examined an-
tibiotics. Different from the Campylobacter jejuni multi drug resistance in
Campylobacter strains, originating from pigs and broilers was the same, but
was considerably lower in the same strains originating from humans. Thermo-
philic Campylobacter were not multi drug resistant to four or five examined
antibiotics.

DISCUSSION

Campylobacter is a zoonotic diseases. Although animals are colonized by
Campylobacter in a great percent, they rarely become ill, yet present a reser-
voir of infection for humans. Man may become infected through consuming
insufficiently thermically processed meat (N e w e l, 2002), consuming unpa-
steurized milk and contaminated water (A v r a i n et al., 2003) and in a con-
tact with pets (A q u i n o et al., 2002).

Thermophilic Campylobacter most often cause enteric infection but may
also cause extraenteric diseases. According to B u t z l e r (2004), most fre-
quent extraenteric forms of the disease are meningitis, endocarditis, septic ar-
thritis, osteomyelitis and neonatal sepsis. There are several reports on myocar-
ditis and complicated cases caused by Campylobacter jejuni.

In developed countries, the symptoms of intestinal Campylobacter are
bloody stool, fever, abdominal colics. There are more frequent than in infec-
tion caused by Salmonella and Shigella spp. (C o o k e r et al., 2002).

Lesions in intestinal Campylobacter are expressed in inflammatory infil-
trate in lamina propria and abscess of crypta similar to infection caused by
bacteria of Salmonella and Shigella. Autopsy of patient with intestinal cam-
pylobacteriosis showed hemorrhagic necrosis of jejunum and ileum (S n e l -
l i n g et al., 2005).
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According to a group of authors, secondary diseases, as consequences of
primary infection caused by thermophilic Campylobacter spp., are Guillain-
-Barré syndrome (GBS) and Reiter syndrome (A v r a i n et al., 2003; B u t z -
l e r, 2004).

Campylobacteriosis is a diseases of mild course and usually resolves
spontaneously. In a patient with a heavy clinical course and prolonged course,
treatment with antibiotics is suggested (A a r e s t r u p and E n g e b e r g, 2001).
One of the drugs of choice is tetracycline.

Since the 80's of the last century, there has been a selection and resistant
strains of thermophilic Campylobacter have spread in humans. This is due to
uncontrolled use of antibiotics in veterinary medicine, especially quinolone and
tetracycline (A a r e s t r u p and E n g e b e r g, 2001; B y w a t e r et al., 2004;
C a r d i n a l e et al., 2002; S a v a ¤ a n et al., 2004).

Sensitivity testing by disc diffusion method detected that 35.3% of ther-
mophilic Campylobacter originating from humans were resistant to two exa-
mined antibiotics, 17.6% to three and 5.9% to four antibiotics. Multiresistance
in Campylobacter is not a rare case.

When examining sensitivity by E-test for thermophilic Campylobacter
spp. originating from humans, it was detected that 41.2% was simultaneously
resistant to two antibiotics, and in 11.8% to three antibiotics.

In testing sensitivity of thermophilic Campylobacter spp. originating from
humans, using agar dilution method, it was detected that 47.1% were at the
same time resistant to two examined antibiotics, 11.8% were resistant to three
antibiotics. Multidrug resistance of Campylobacter jejuni (22%) was detected
by H a k e n e n et al. (2003). In India thermophilic Campylobacter spp. were
resistant in 30.6%, most often to ciprofloxacin, tetracycline and ciprofloxacin
( J a i n et al., 2005).

Sensitivity testing by disc diffusion method showed that in 42.9% Cam-
pylobacter coli, originating from humans, was simultaneously resistant to two
examined antibiotics. The obtained results of three methods coincide almost in
all details. The same results were obtained in this research regarding the
Campylobacter originating from broilers and pigs.

C a r d i n a l e et al. (2002) gave reports that in Senegal in 9.8% of ther-
mophilic Campylobacter, originating from broilers, were multi drug resistant
most often to nalidixic acid and ciprofloxacin. Multi drug resistance is fre-
quent in Campylobacter coli strains. Multi drug resistance was noticed also in
thermophilic Campylobacter originating from poultry in SAD. Campylobacter
coli, 3.7% of the examined strains, were resistant to five tested antibiotics
( G e B e i l e i et al., 2002).

CONCLUSION

Multi drug resistance on antibiotics was discovered in testing sensitivity
of Campylobacter jejuni and Campylobacter coli originating from humans,
broilers and pigs.
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Percentage of multi drug resistant strains of Campylobacter jejuni were
very similar in the strains originating from humans, broilers and pigs. Cam-
pylobacter jejuni, in the strains originating from humans and broilers, was de-
tected in four tested antibiotics using disc diffusion test.

Multi drug resistance of Campylobacter coli originating from pigs and
broilers were equal, but considerably lower in the strains originating from hu-
mans. No multi drug resistance of thermophilic Campylobacter was discovered
on four or five tested antibiotics.

High percentage of resistant strains and multi drug resistant strains of
Campylobacter to most frequently used antibiotics is explained by uncontrol-
led use of antibiotics in poultry and swine husbandry as a preventive measure
and subdosage for growth promoter.
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Rezime

Termofilne kampilobakterije su jedan od najåešãih uzroånika bakterij-
skih gastroenteritisa qudi. Ÿivotiwe su rezervoar uzroånika i sa wih se
Campylobacter vrste prenose na qude. Kampilobakterioza qudi je bolest blagog
toka koja spontano prolazi. Kod teÿih oblika oboqewa i prolongirane bolesti
neophodan je tretman antibioticima. U posledwe vreme zabriwava pojava rezi-
stencije kampilobakterija na antibiotike koji se najåešãe koriste u kliniåkoj
praksi.

Ciq rada je da se ustanovi prisustvo multirezistentnih sojeva Campylo-
bacter jejuni i Campylobacter coli izolovanih iz ÿivotiwa i qudi.

Za ispitivawe je korišãen materijal dobijen strugawem površine cekuma
brojlera, cekuma i kolona sviwa, kao i fecesa qudi. Za izolaciju sojeva Cam-
pylobacter jejuni i Campylobacter coli bilo je neophodno obezbediti mikroaero-
filnu atmosferu, temperaturu od 42°S i dodati antibiotski suplement radi
spreåavawa rasta ostalih crevnih bakterija. U okviru ovog istraÿivawa izolo-
vanim sojevima Campylobacter jejuni i Campylobacter coli ispitivana je osetqi-
vost na antibiotike primenom tri metode: disk difuzione, E-testa i dilucio-
ne metode u agaru

Ukupno je izolovano 55 sojeva Campylobacter jejuni i Campylobacter coli, 24
soja su bila poreklom od qudi, 16 poreklom od brojlera i 15 sojeva poreklom iz
sviwa. Multirezistentnim smo smatrali sojeve koji su bili rezistentni na dva
i više antibiotika. Primenom E-testa ustanovqen je kod Campylobacter jejuni
najveãi broj multirezistentnih sojeva: na dva antibiotika 41,2%, i na tri an-
tibitika 11,8%. Kod Campylobacter jejuni izolovanih kod qudi disk difuzionim
metodom ustanovqeno je 5,9% sojeva rezistentnih na åetiri ispitivana anti-
biotika. Istim metodom ustanovqeno je da je 50% sojeva Campylobacter coli po-
reklom iz sviwa bilo rezistentno na tri ispitivana antibiotika. Primenom
sve tri metode ustanovqeno je da je najveãi broj izolovanih sojeva Campylobacter
coli multirezistentan na dva, odnosno tri antibitika.
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EFFECT OF AZOTOBACTER CHROOCOCCUM
ON SUGAR BEET AND MICROBIAL ACTIVITY

OF RHIZOSPHERE

ABSTRACT: In sugar beet production, one of the most important factors that affect
the yield, apart from genetic properties, is the use of mineral fertilizers. Considerate amounts
of mineral fertilizers are used in sugar beet production. However, if agroecological condi-
tions are not optimum, mineral fertilizers cannot be completely absorbed, which may lead
to soil contamination. Therefore, research has been focusing on ways of using atmospheric
nitrogen by means of nitrogen-fixing bacteria. Numerous researches have proved that one
part of mineral fertilizers can be replaced by biological nitrogen.

The aim of this research was to determine the effect of genotype, azotobacter and the
amount of mineral fertilizers on the root yield of sugar beet and on the microbiological acti-
vity of the sugar beet rhizospheric soil.

Three hybrids of sugar beet were used during the two years of the research. The seed
of the hybrids was inoculated with three strains of azotobacter. Various amounts of NPK
were used (0;30;60;90 kg/ha).

At the end of the vegetation period, the following were determined: root yield, total
number of bacteria, number of azotobacter, oligotrophic bacteria, ammonifiers, fungi, and
actinomycetes in soil. Dehydrogenase activity was measured.

The results were processed statistically (analysis of variance for factorial trials) and
the effect of the factors was determined upon the expected mean square values.

The yield was mainly affected by the amount of mineral fertilizers. However, the ef-
fect of mineral fertilizers was different with different inoculation treatments. The effect of
the examined factors was dependant upon genotype, amount of mineral fertilizers, inocula-
tion and the year of trials. The interaction between genotype, mineral fertilizers, inoculation
and the year of trials was the factor that had the greatest effect on the number of almost all
the examined soil microorganisms.

KEY WORDS: sugar beet, root yield, Azotobacter chroococcum, microbiological ac-
tivity of the soil

INTRODUCTION

The use of an adequate amount of mineral nutrients in sugar beet produc-
tion is one of the basic prerequisites of high and stable yield. It is also one of
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the best ways of exploiting the potential of the environment, as well as the ge-
netic fertility potential of sugar beet. Mineral fertilizers provide the soil with
easily accessible plant nutrients. The amount of mineral fertilizers to be used
is determined upon the demands of the plant and the amount of nutrients in
the soil. In agricultural production, large amounts of nitrogen fertilizers are
used in order to achieve the highest possible yield.

However, modern agricultural production is concerned about the effects
of mineral fertilizers on the environment. Mineral nitrogen is a useful source
of nutrients for plants, but at the same time, a serious pollutant.

According to evidence from a great body of literature, it can be assumed
that it is possible to replace one part of mineral nitrogen with biological nitro-
gen, which is plant-friendly. This, in turn, could prevent the pollution of the
environment and lead to the production of food of higher ecological value.
The research by M i l o š e v i ã et al. (1997) and G o v e d a r i c a et al.
(2002, 2004) proved that one part of mineral nitrogen could successfully be re-
placed with biological nitrogen fixed by diazotrophs (nitrogen-fixators). There-
fore, a lot of attention is being given to the soil microorganisms, which can
transform both the soil and atmospheric nitrogen into a form that is plant-
-friendly.

Mineral fertilizers are also a readily available source of nutrients for soil
microorganisms themselves. The effect of mineral fertilizers on the microbio-
logical activity depends on several factors: the amount and type of fertilizer,
the type of soil, the plant and properties of microorganisms. In chernozem soil,
for instance, the number of microorganisms and their activity were high, both
with and without the application of mineral fertilizers (G o v e d a r i c a and
J a r a k, 1995). In less fertile types of soil, the use of mineral fertilizers stimu-
lated microbiological activity (J a r a k et al., 1993).

Bearing in mind the importance of the rational use of nitrogen mineral
fertilizers and a growing interest for ecologically sound agricultural produc-
tion, the aim of this investigation was to determine the role of genotype and
other factors that contribute to the root yield and affect the microbiological ac-
tivity of sugar beet rhizospheric soil.

MATERIALS AND METHODS

Microexperiments were conducted for two years in fluvisol, on humogley,
in the locality of Panåevaåki Rit.

The effect of seed inoculation with Azotobacter chroococcum on the root
yield was investigated in three sugar beet hybrids (3n hybrids of the PKB
Agroekonomik Institute).

The seed was inoculated with a liquid inoculum of azotobacter shortly
before sowing. Three strains of Azotobacter chroococcum were used (strains
16, 84 and 86 of the Institute for Field and Vegetable Crops, Novi Sad and
Faculty of Agriculture, Novi Sad). The control was not inoculated.
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In order to determine the effect of mineral fertilizers and inoculation on
the productivity of the three hybrids, there were several variants of fertilization
(without NPK; N30: P30: K30; N60: P60: K60: N90: P90: K90).

The experiments were performed by means of random block system in
five repetitions. The plots' size was 13.5 m2 in total, with the distance in a
row being 0.20 m and the distance between rows 0.45 m.

All the necessary agrotechnical measures were applied properly and at the
appropriate time.

At the end of the vegetation period, the root was taken out in order to ob-
serve its yield. At the same time, samples of the rhizospheric soil of sugar beet
were taken in order to observe the microbiological activity. An average sample
was prepared from the rhizosphere of fifty plants from the middle row of the
plots. The samples included all repetitions and all variants (mineral fertilizers,
inoculation) of every sugar beet genotype.

The total number of microorganisms (TN) in an agarized soil extract was
determined by dissolution method. The number of ammonifiers (Am) was de-
termined on MPA (P o c h o n and T a r d i e u x, 1962). The number of free
nitrogen-fixators was determined in Fjodorov medium, the number of oligo-
trophic bacteria (Olg) by dissolution method and the number of azotobacter
(Azb) by fertile drops method. The number of actinomycetes (Act) was deter-
mined in a synthetic medium and the number of fungi (F) in Czapek medium.
The fungi were grown at the temperature of 25°C and the other microorga-
nisms at 28°C. The incubation period lasted two to seven days.

Dehydrogenase activity was determined by Lenhard's method (1956) and
modified by Thalmann's method (1968). Dehydrogenase activity is shown in
mg TPF per 1g of soil.

The obtained results were statistically analysed by the analysis of variance
for factorial trials. The analysis concentrated on the effect of the main factors
(the year of trials, sugar beet genotype, Azotobacter chroococcum genotype
and mineral fertilizers) and their interaction. The effect of these on the root
yield, number of microorganisms and dehydrogenase activity was measured by
means of F test. The components of variances were determined upon the
expected mean square values (H a d ÿ i v u k o v i ã, 1991).

RESULTS AND DISCUSION

Soil microorganisms live in balanced relations, which are specific to each
type of soil. Numerous agrotechnical measures frequently disrupt this balance.
This affects the number of microorganisms and their enzymatic activity (M i -
l o š e v i ã et al., 1997; M i l o š e v i ã and G o v e d a r i c a, 2002; G o v e -
d a r i c a et al., 1999; J a r a k et al., 1999).

Different amounts of mineral fertilizers that were used in this investi-
gation, as well as the inoculation of the sugar beet seed with Azotobacter
chroococcum strains had a considerable effect on the number of all the investi-
gated microorganisms and dehydrogenase activity.
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The amount of mineral fertilizers is an abiotic factor that may signifi-
cantly affect the sugar beet root yield (M a r i n k o v i ã et al., 1996). Accor-
ding to S t a n å i ã (1997) in the same level of mineral fertilizers, the most
significant factor which affects the variation of the root yield is the genetic
difference between the parent and the hybrid. According to K r s t a n o v i ã
(2001), the root yield is primarily affected by environmental conditions. The
root yield in our investigation was dependant upon the year of the trials, the
amount of mineral fertilizers, sugar beet genotype and inoculation.

During the trials, numerous results were gathered. Graphs 1 and 2 present
an average azotobacter number and dehydrogenase activity, as well as the root
yield depending on the fertilizer applied. These indicators were chosen because
the aim of the investigation was the effect of inoculation with Azotobacter
chroococcum on the root yield, whereas dehydrogenase activity is an indicator
of general biological activity of soil.

In all variants with inoculation, the greatest average number of azotobac-
ters was observed when no mineral fertilizers were applied. Even earlier, pa-
pers by M i l o š e v i ã (1988) and M i l o š e v i ã et al. (1989) showed that
high amounts of nitrogen fertilizers have a negative effect on the number of
azotobacters in soil. Graph 1 also shows that the greatest number of azotobac-
ter does not mean the highest average root yield.

Dehydrogenase activity and the root yield were highest in most variants
with inoculation when 60kg ha—1 NPK was applied. The exception was the va-
riant with strain 86 and 90 kg ha—1 NPK (Graph 2).

The obtained results showed that the number of the examined microorga-
nisms and dehydrogenase activity in soil were highly affected by the following
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Graph. 1 — The number of azotobacters in soil (g—1 of soil)
and the sugar beet root yield



factors: the year of the trials, the amount of mineral fertilizers, inoculation, su-
gar beet genotype and their interactions (Table 1). However, the effect of the
mentioned factors varied depending on the group of the examined microorga-
nisms (Table 2).

It was observed that the year of the trials alone did not have a significant
effect on the number of the most groups of microorganisms nor on the
dehydrogenase activity. The number of microorganisms was primarily affected
by the interaction of the genotype, mineral fertilizers, inoculation and the year
of the trials. The year of the trials and mineral fertilizers/year interaction had a
somewhat greater effect on the number of azotobacter in the soil. Dehydroge-
nase activity was primarily affected by the interaction between the mineral fer-
tilizers and the year, and the interaction between the inoculation and the year
of the trials (Table 2).
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Graph. 2 — Dehydrogenase activity in soil (mg TPF g—1 of soil)
and the sugar beet root yield



Tab. 1 — The analysis of variance of the microbiological activity of soil

Source of variation df
Variance Ftab.

TN* Azb* Olg* Am* F Act* DHA* 0,05 0,01

Repetitions 2 0.8 0.1 1.9 0.1 1.0 0.05 0.02 3.04 4.71
Sugar beet genotype (A) 2 27.4 3.5 11.2 98.5 420.5 8.0 2.4 3.04 4.71
Mineral fertilizer (B) 3 56.3 26.9 65.9 157.7 74,9 16.3 137.0 2.65 3.88
Inoculation(C) 3 96.9 0.4 65.3 455.8 83.2 56.3 211.5 2.65 3.88
Year (D) 1 895.0 82.3 161.2 146.0 170.1 17.3 25.9 3.89 6.76
Interaction AB 6 18.1 1.0 5.6 40.0 68.3 15.2 16.2 2.14 2.90

AC 6 61.9 2.3 93.1 73.1 380.0 6.0 41.4 2.14 2.90
AD 3 59.2 9.7 6.6 9.4 531.7 13.0 8.7 2.65 3.88
BC 9 73.1 1.2 12.7 46.3 297.4 10.8 9.9 1.92 2.50
BD 3 117.6 15.5 38.9 204.6 123.6 108.3 308.1 2.65 3.88
CD 3 240.8 2.1 142.8 173.4 515.9 32.7 325.1 2.65 3.88
ABC 18 17.6 1.2 20.8 52.5 290.9 13.0 15.0 1.65 2.03
ABD 6 61.8 0.6 10.9 18.8 276.8 6.8 3.8 2.14 2.90
ACD 6 3.5 3.1 100.5 149.7 213.3 9.1 22.0 2.14 2.90
BCD 9 96.8 0.9 40.1 61.4 617.9 9.6 9.2 1.92 2.50
ABCD 18 39.6 1.5 32.0 29.3 89.7 9.1 11.3 1.65 2.03

Error 192 0.2 0.02 2.9 0.2 2.9 0.1 0.006

* the value of the variance x 100TN — total number
Am — ammonifiers
Azb — Azotobacter
F — fungi

Olg — oligotrophic bacteria
Ac t — Actinomycetes
DHA — dehydrogenase activity

Tab. 2 — Variance components (%) for the number of microorganisms and dehydrogenase acti-
vity of soil

Source of variation
For the number of

DHA
TN Azb Olg Am F Act

Sugar beet genotype (A) 0.0** 0.0** 0,0* 0.0** 0.0** 0.0** 0.0**
Mineral fertilizer (B) 0.0** 8.8** 1.0** 0.0** 0.0** 0.0** 0.0**
Inoculation (C) 0.0** 0.0** 0.0** 1.1** 0.0** 2.8** 0.0**
Year (D) 12.1** 21.7** 3.2** 0.0** 0.0** 0.0** 0.0**
Interaction AB 0.0** 0.0** 0.0 0.0** 0.0** 2.6** 0.8**

AC 3.0** 2.0** 9.7** 3.0** 6.5** 0.0** 5.3**
AD 1.3** 9.6** 0.0 0.0** 0.1** 0.8** 0.0**
BC 6.1** 0.0** 0.0** 1.6** 6.2** 0.1** 0.0**
BD 7.1** 21.7** 0.7** 9.1** 0.5** 27.9** 34.8**
CD 0.1** 0.5** 11.8** 7.5** 6.3** 27.6** 36.8**
ABC 0.0** 0.0** 0.0** 6.4** 18.0** 5.8** 2.6**
ABD 6.0** 0.0** 0.0** 0.0** 8.3** 0.0** 0.0**
ACD 0.0** 7.3** 21.8** 16.6** 5.5** 0.0** 3.7**
BCD 20.7** 0.0** 3.4** 5.9** 31.5** 0.6** 0.0**
ABCD 42.9** 27.0** 37.1** 48.4** 15.5** 30.3** 15.9**

Error 0.6 1.3 11.2 0.4 1.6 1.4 0.02

Total 100.00 100.0 100.0 100.0 100.0 100.0 100.0

* F test 0,05
* F test 0,01

TN — total number
Am — ammonifiers
Azb — Azotobacter
F — fungi

Olg — oligotrophic bacteria
Act — Actinomycetes
DHA — dehydrogenase activity
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The analysis showed that the same yield was achieved both in the variant
with strain 84 inoculation and 60 kg ha—1, and in the control variant with 90 kg
ha—1 NPK. The effect of inoculation on the root yield was particularly obvious
in the variant with strain 86 inoculation and 90 kg ha—1 NPK. This combina-
tion was most effective in the whole experiment (Graph 1 and 2).

Mineral fertilizers also had a positive effect on the root yield of the sugar
beet hybrids. The average root yield of the control increased significantly
when a higher amount of NPK was applied. In inoculated variants, depending
on the amount of NPK, the differences in the root yield of the investigated
hybrids were much bigger (Graph 1 and Graph 2).

The F test pointed to the importance of all the investigated factors and
their interactions (Table 3).

Tab. 3 — The effect of variance components (%) on the root yield of sugar beet

Source of variation
Variance components

s2 %

Year (A) 0 0.00**
Mineral fertilizers (B) 9710278 26.59**
Genotype (C) 0 0.00**
Inoculation (D) 0 0.00**
Interaction AB 845554 2.31**

AC 135566 0.37**
AD 144248 0.39**
BC 1368649 3.75**
BD 1065608 2.92**
CD 302943 0.83**
ABC 4351048 11.91**
ABD 1395673 3.82**
ACD 1802580 4.94**
BCD 2428473 6.65**
ABCD 4499112 12.32**

Error 8468320 23.89

Total 37610783 100.00

* F test 0.05
** F test 0.01

The analysis of variance of the results gathered during the two years
showed that the amount of mineral fertilizers had the greatest effect on the
phenotype variation of the sugar beet root yield. Different variants of inocula-
tion had different effects on the root yield (Table 4).

In all inoculated variants, no significant effect of the genotype, the year
or the interaction between the year and mineral fertilizers was observed. The
interaction between the year and the genotype was significant only in the con-
trol variant (17.48%) whereas mineral fertilizers/genotype interaction was sig-
nificant in the variant with strain 86 (26.59%). The effect of mineral fertilizers
was most significant in the variants inoculated with strains 84 and 86 (Table 4).
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Tab. 4 — The values of variance components

Source of variation

Azotobacter (strain)

u strain 16 strain 84 strain 86

s2 (000) % s2 (000) % s2 (000) % s2 (000) %

Year (A) 0* 0.00 0** 0,00 2946* 7.76 0 0.00
Mineral fertilizer (B) 291** 0.98 7037** 25.24 18160* 47.82 12851** 35.89
Genotype (C) 0 0.00 0** 0.00 0* 0.00 0 0.00
Interaction AB 1044** 3.53 1564** 5.61 0** 0.00 1075** 3.00

AC 5169** 17.48 0* 0.00 0 0.00 1687** 4.71
BC 0* 0.00 0** 0.00 777** 2.05 9522** 26.59
ABC 8944** 30.24 13416** 48.13 10402** 27.39 2679* 7.48

Error 14129 47.77 58580 21.01 5687 14.98 7998 22.33

Total 29577 100.00 27875 100.00 37973 100.00 35811 100.00

* F test 0.05
** F test 0.01

In all inoculated variants, the effect of the year/mineral fertilizer/genotype
interaction was significant. The contribution of this interaction to the pheno-
type variation of the root yield ranged from 7.48% to 48.31% depending on
the variant of inoculation (Table 4).

CONCLUSION

The number of almost all groups of microorganisms was primarily affec-
ted by the interaction of the year of the trials, mineral fertilizers, sugar beet
genotype and inoculation.

The dehydrogenase activity was primarily affected by the interactions of
the mineral fertilizers and the year, and by the inoculation and year of the
trials.

The root yield was affected by the interaction of the year of the trials,
mineral fertilizers, sugar beet genotype and inoculation.

By the mineral fertilizers, the root yield was affected at the full extent.
The mineral fertilizers affected significantly higher on the root yield in

variants with the inoculations.
In order to determine the correlation between the root yield and the mic-

robiological activity of soil, it would be necessary to examine all of the men-
tioned factors individually.
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Rezime

U proizvodwi šeãerne repe za postizawe visokih prinosa, pored genet-
skih svojstava sorti, vaÿan faktor je i primena mineralnog ðubriva. U ovoj
proizvodwi koriste se znaåajne koliåine mineralnog ðubriva. Meðutim, u slu-
åaju da agroekološki uslovi nisu optimalni za vaqano iskorišãewe unetog ðu-
briva ono neãe biti iskorišãeno, te moÿe uticati na zagaðewe zemqišta. Za-
to su veã duÿi niz godina istraÿivawa usmerena u pravcu iznalaÿewa moguã-
nosti korišãewa atmosferskog azota posredstvom bakterija azotofiksatora.
Mnogobrojnim ispitivawima utvrðeno je da deo mineralnog azota moÿe biti
zamewen biološkim.

Ciq ovih istraÿivawa bio je da se utvrdi udeo genotipa šeãerne repe,
azotobaktera i primewene koliåine mineralnog hraniva na formirawe prino-
sa korena, kao i na mikrobiološku aktivnost rizosfere šeãerne repe.

U dvogodišwim ispitivawima utvrðen je prinos korena šeãerne repe za
tri hibrida åije je seme neposredno pred setvu inokulisano azotobakterom (tri
soja). U ovim ispitivawima primewene su razliåite koliåine NPK (0; 30; 60;
90 kg/ha aktivne materije NPK).

Na kraju vegetacije utvrðeni su prinos korena, kao i ukupan broj bakteri-
ja, brojnost azotobaktera, oligonitrofila, amonifikatora, gqiva i aktinomi-
ceta u zemqištu. Takoðe je odreðena dehidrogenazna aktivnost zemqišta.

Dobijeni podaci su statistiåki obraðeni (analiza varijanse za faktori-
jalne oglede), a udeo åinioca je odreðen na osnovu oåekivanih sredina kvadrata
za faktorijalni ogled.

Najveãi udeo na varirawe prinosa korena imala je primewena koliåina
mineralnog hraniva. Meðutim, wen udeo znaåajno se razlikovao zavisno inoku-
lacije. Udeo ispitivanih faktora varirao je zavisno od genotipa šeãerne repe,
primewene koliåine mineralnog hraniva, inokulacije i godine ispitivawa.

Interakcija izmeðu genotipa šeãerne repe, mineralne ishrane, inokula-
cije i godine ispitivawa imala je najveãeg udela u ukupnom varirawu gotovo
svih ispitivanih grupa mikroorganizama u zemqištu.
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VARIABILITY OF ACORN ANATOMICAL
CHARACTERISTICS IN QUERCUS ROBUR L. GENOTYPES

ABSTRACT: The aim of this study was to examine variability of acorn anatomical
characteristics in seventeen Quercus robur L. genotypes. Acorns were collected in clonal
seed orchard Banov Brod (Srem, Vojvodina, Serbia). Microscopic measurements were done
for pericarp (total thickness, thickness of exocarp and mesocarp), seed coat (total thickness,
thickness of outer epidermis, parenchyma, and inner epidermis), and embryo axis (diameter,
thickness of cortical region, and diameter of stellar zone). Obtained results revealed certain
divergence between genotypes. The thickness of pericarp varied from 418 to 559 mm (ge-
notypes 20 and 22, respectively). On average, the participation of exocarp in the total thick-
ness of pericarp was 36.3%, of mesocarp 61.0%, while of endocarp 2.6%. The thickness of
seed coat for individual genotypes ranged from 71 mm (genotype 28) to 157 mm (genotype
38). In addition, anatomic parameters of embryo axis varied among studied genotypes. The
lowest cortical zone thickness and stellar zone diameter were measured in genotype 40,
while the highest values in genotype 33.

KEY WORDS: acorn, anatomy, embryo axis, pericarp, seed coat, genotype variabi-
lity, Quercus robur

INTRODUCTION

Oaks are among the most common tree species found throughout the
world (W i t t w e r et al., 1993). Fruits of oaks, acorns, are botanically charac-
terized as nuts. They are usually associated with an involucre forming a cup
around the mature fruit. The acorn contains one seed with a straight embryo
without endosperm (B o n n e r and V o z z o, 1987). During the acorn deve-
lopment, walls of the ovary are hardening into the pericarp, which surrounds
the entire structure. Acorns are hard, one-seeded, dry, and indehiscent fruits
( H o l m a n and R o b b i n s, 1944). In white oaks, including Q. robur, they
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mature in the year of fertilization and are usually non-dormant. The acorn has
a small embryo axis surrounded by well-developed cotyledons. After germi-
nation, the embryonic axis elongates to form the hypocotyl rudiments, while
well-defined transitory region separates the axis centrally into cortical and stel-
lar zones (B o n n e r and V o z z o, 1987).

Characteristics of individual parts of acorns are important in determina-
tion of seed viability, germination, and consequently establishment of young
plants. Some species, including Quercus robur, have so-called recalcitrant
seeds which do not naturally undergo significant drying and cannot survive de-
siccation (R o b e r t s, 1973) to the low moisture contents required for pro-
longed storage (G r e g g a i n s et al., 2000). These seeds are shed from the
mother plant with high moisture content and thereafter remain sensitive to de-
siccation, losing viability as they lose water (R o b e r t s, 1973). The pericarp
appears to form the main natural barrier to desiccation under both natural and
artificial conditions of seed storage (S o b r i n o - V e s p e r i n a s and V i -
v i a n i, 2000). Furthermore, it has been suggested that the pericarp of certain
seeds contains substances that inhibit germination (T h a p l i y a l and N a i -
t h a n i, 1996), and their presence may restrict gaseous exchange, water input,
and embryo growth (B r a d b e e r, 1988; M i y a j i m a, 1996). A thin seed
coat adjoining the pericarp protects the embryo against mechanical injury and
drying out. The role of the seed coat in controlling dormancy and germination
is also known (B e w l e y and B l a c k, 1994).

Variability of the seed anatomy among species is well documented. To
our knowledge, variability of the acorn structure was not investigated within
oak species. The aim of the present study was to examine variability of acorn
anatomical characteristics in selected Quercus robur L. genotypes, bearing in
mind their importance for preservation of seed viability.

MATERIAL AND METHODS

Acorns were sampled from 20-year-old Q. robur L. trees originating from
the seed orchard Banov Brod (Srem, Serbia). The seed orchard was established
by grafting of 85 English oak genotypes, seventeen of which were selected for
this study: 4, 5, 6, 16, 18, 20, 21, 22, 25, 28, 29, 30, 33, 35, 38, 40, and 85.
Acorns were collected from the ground after natural drop, and fixed in the
mixture composed of ethyl alcohol and glycerol (v/v 50:50). Anatomical traits
of pericarp and seed coat were studied at cross sections made in the middle
part of the acorn, and the preparations were made using sliding microtome.
Cross-sections of seeds at the level of embryo axis were made using freezing
microtome. Microscopic measurements were done for pericarp (total thickness,
thickness of exocarp and mesocarp), seed coat (total thickness, thickness of
outer epidermis, parenchyma, and inner epidermis), and embryo axis (diameter,
thickness of cortical region, and diameter of the stellar region). Three acorns
were used for each genotype, of which 5 preparations were made (15 in total
per genotype).
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Participation of individual parts of the pericarp in its total thickness, as
well as participation of cortical and stellar regions in the embryo axis dia-
meter, was also calculated and expressed as percent.

The data were statistically processed using the analysis of variance
(ANOVA). The genotypes were compared using the Duncan's test at a = 0.05.
Mean values of the studied parameters were ranked and marked with letters.
Means followed with the same letter did not differ significantly at p < 0.05.

RESULTS

Pericarp

The pericarp is firm, and easily detached from the seed. It has three dis-
tinct layers visible on the cross sections: sclarified exocarp, multi-layered pa-
renchymatous mesocarp, and a thin, one-layered endocarp (Figure 1).

The exocarp consisted of epidermis and mechanical cells. The epidermis
is one-layered, composed of cells with thick walls. Several layers of mechani-
cal cells (sclereids) leaning on the epidermis are followed with layers made up
of parenchymatous cells (mesocarp). Cells of the internal layers of the meso-
carp are flattened forming parenchymatous plates. There are relatively reduced
vascular bundles in this part of the pericarp. The innermost part of the peri-
carp, endocarp, is composed of relatively small cells, and some of them form
trichomes.

Measurements of anatomical parameters of the pericarp are summarized
in Table 1. Slight variations in the total thickness of pericarp, exocarp, and
mesocarp have been noticed. Thickness of pericarp varied from 418 (genotype
20) to 559 mm (genotype 22), with an average value of 503 mm for all ge-
notypes. This trait also showed lower variability (CV = 9.83%) than the thic-
kness of exocarp (CV = 10.43%) and mesocarp (CV = 13.85%). The greatest
thickness of exocarp was noticed in genotypes 6 and 30, and ranged from 240
(genotype 6) to 135 mm (genotype 38). On average, the thickness of this peri-
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carp layer reached 182 mm. Thickness of mesocarp was the most variable ana-
tomical trait of the pericarp, with the average value of 308 mm for all studied
genotypes. The lowest value was recorded for genotype 20 (219 mm), and the
highest for genotype 28 (382 mm). The lowest values of both mesocarp and
pericarp thickness were noticed in genotype 20.

Tab. 1 — Anatomical characteristics of pericarp in Q. robur genotypes

Genotype
Thickness (mm)

Pericarp Exocarp Mesocarp Endocarp

4 432 cd 181 bcd 238 ef 13
5 485 abcd 153 cde 319 abcde 13
6 537 ab 240 a 284 cdef 13

16 549 ab 188 bc 348 abcd 13
18 513 abcd 188 bc 312 abcde 13
20 418 d 186 bc 219 f 13
21 480 abcd 174 cd 293 bcdef 13
22 559 a 189 bc 357 abc 13
25 508 abcd 190 bc 305 abcde 13
28 555 ab 160 cde 382 a 13
29 425 d 166 cde 246 ef 13
30 507 abcd 225 a 269 def 13
33 526 abc 145 de 368 ab 13
35 459 bcd 183 bc 263 ef 13
38 505 abcd 135 e 357 abc 13
40 549 ab 217 ab 319 abcde 13
85 531 ab 167 cde 351 abc 13

Average 503 182 308 13

LSD0.05 82.14 31.50 70.95 —

CV% 9.83 10.43 13.85 —

Participation of the exo-, meso- and endocarp in the pericarp total thick-
ness varied between studied genotypes (Table 2), and average amounts were
36.3, 61.0, and 2.6%, respectively. All genotypes were characterized by the
highest participation of mesocarp. The highest values of the exocarp participa-
tion, and the lowest of endocarp, were found in genotypes 6, 20 and 30.
Among others, genotypes 28, 33, and 38 had the highest participation of meso-
carp, and the lowest of exocarp, in the total thickness of pericarp.
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Tab. 2 — Participation of individual parts of pericarp in its total thickness (%) in Quercus robur
genotypes

Genotype Exocarp Mesocarp Endocarp ex/mz*

4 41.9 55.1 3.0 0.76
5 31.5 65.8 2.7 0.48
6 44.7 52.9 2.4 0.84

16 34.2 63.4 2.4 0.54
18 36.6 60.8 2.5 0.60
20 44.5 52.4 3.1 0.85
21 36.3 61.0 2.7 0.59
22 33.8 63.9 2.3 0.53
25 37.4 60.0 2.6 0.62
28 28.8 68.8 2.3 0.42
29 39.1 57.9 3.0 0.67
30 44.4 53.0 2.6 0.84
33 27.6 69.9 2.5 0.39
35 39.9 57.3 2.8 0.70
38 26.7 70.7 2.6 0.38
40 39.5 58.1 2.4 0.68
85 31.5 66.1 2.4 0.48

Average 36.4 61.01 2.61 0.60

* ex/mz — ratio between thickness of exocarp and thickness of mesocarp

Seed coat

A thin, brown seed coat is leaning to the inner side of the pericarp (Fi-
gure 1). It is made up of outer epidermis in which trichomes are formed,
multi-layered parenchyma and inner epidermis leaning on cotyledons. Vascular
bundles are placed in the parenchymatous layer. Individual cells of this layer
contain crystals of calcium oxalate in the form of druses or crystal sand.

The thickness of seed coat was approximately five times smaller than the
thickness of pericarp (Table 3). Values obtained for individual genotypes ran-
ged from 71 (genotype 28) to 157 mm (genotype 38). Genotype 29 had the
thickest outer epidermis (24.8 mm), while genotypes 18, 22, 28, 35, and 40 the
thinnest (13 mm). The thickness of parenchyma varied between 45 (genotype
28) and 124 mm (genotype 38). Genotype 28 had the thinnest seed coat paren-
chyma and the thickest parenchymatous layer of the pericarp (mesocarp) (Ta-
bles 1 and 3). Of the studied seed coat traits, the thickness of parenchyma had
the highest variability among the genotypes (CV = 16.32%), followed by the
outer epidermis (CV = 13.71%). The genotypes did not differ in the thickness
of inner epidermis.
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Tab. 3 — Anatomical characteristics of seed coat in Q. robur genotypes

Genotype
Thickness (mm)

Seed coat Outer epidermis Parenchyma Inner epidermis

4 144 abc 16.8 cd 114 ab 13.0
5 121 cde 14.7 cd 94 bcd 13.0
6 111 def 14.1 cd 84 cd 130

16 120 de 17.3 bc 90 cd 13.0
18 94 fgh 13.0 d 68 defg 13.0
20 108 def 14.1 cd 81 cde 13.0
21 128 bcd 14.7 cd 100 abc 13.0
22 83 gh 13.0 d 57 efg 13.0
25 113 def 17.1 bcd 83 cd 13.0
28 71 h 13.0 d 45 g 13.0
29 119 def 24.8 a 81 cde 13.0
30 102 efg 15.2 cd 74 def 13.0
33 81 gh 15.2 cd 52 fg 13.0
35 99 efg 13.0 d 73 def 13.0
38 157 a 20.8 b 124 a 13.0
40 82 gh 13.0 d 56 efg 13.0
85 147 ab 14.7 cd 120 a 13.0

Average 111 15.6 82 13.0

LSD0.05 21.60 3.55 22.28 —

CV% 11.73 13.71 16.32 —

Embryo

The acorn contains one seed with a straight embryo (Figure 2) and
well-developed, symmetrical cotyledons. Embryo consists of an axis, the hypo-
cotyl — root axis, bearing at one end the root meristem, and at the other, the
cotyledons and the meristem of the first shoot. Cortical and stellar zones as
well as a continuous layer of the surface cells (protoderm) are distinguished in
the embryo axis (Figure 3). A procambial system (the future vascular system),
continuous throughout the hypocotyl and the cotyledons, is commonly diffe-
rentiated in the embryo.
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Anatomical parameters of the embryo axis varied among studied ge-
notypes (Table 4). The embryo axis diameter ranged between 1300 and 2000
mm. Thickness of the cortical zone varied from 378 to 584 mm, and diameter
of the stellar zone from 544 to 898 mm.

The greatest variability among studied genotypes was obtained for diame-
ter of the embryo axis stellar zone (CV = 11.81%) and thickness of the em-
bryo axis cortical zone (CV = 10.43%), followed by the diameter of the em-
bryo axis (CV = 9.02%).

Tab. 4 — Dimensions of chosen structures of acorn embryo axis in Q. robur genotypes

Genotype Diameter
(mm)

Cortical zone
thickness (mm)

Stellar zone
diameter (mm)

d/cr*
(%)

d/sr**
(%)

4 1826 abc 464 bcd 898 a 50.82 49.18
5 1810 ab 504 b 802 ab 55.69 44.31
6 1710 bc 469 bcd 772 ab 54.85 45.15

16 1656 bc 431 bcd 794 ab 52.05 47.95
18 1766 abc 475 bc 816 ab 53.79 46.21
20 1518 bcd 395 cd 728 ab 52.04 47.96
21 1670 bc 476 bc 718 b 57.01 42.99
22 1582 bc 462 bcd 658 bc 58.41 41.59
25 1624 bc 451 bcd 722 b 55.54 44.46
28 1760 abc 504 ab 752 ab 57.27 42.73
29 1624 bc 457 bcd 710 b 56.28 43.72
30 1506 cd 424 bcd 658 bc 56.31 43.69
33 2000 a 584 a 832 ab 58.40 41.60
35 1594 bc 425 bcd 744 ab 53.32 46.68
38 1814 ab 498 ab 818 ab 54.91 45.09
40 1300 d 378 d 544 c 58.15 41.85
85 1676 bc 433 bcd 810 ab 51.67 48.33

Average 1584 461 752 55.09 44.91

LSD0.05 125.4 79.9 73.8 — —

CV% 9.02 10.43 11.81 — —

* d/cr — allotment of the cortical region in embryo axis diameter (%)
** d/sr — allotment of the stellar region in embryo axis diameter (%)
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Among others, genotype 33 had the highest diameter of the embryo axis,
as well as the thickness of cortical zone. In contrast to it, genotype 40 had the
lowest values of studied traits of the embryo. On average, studied traits of em-
bryo axis amounted: the diameter — 1584 mm; thickness of the cortical zone
— 461 mm, diameter of the stellar zone — 752 mm.

On average, participation of the cortical zone in the diameter of the em-
bryo axis was 55%, while of the stellar region 44.9% (Table 4). Genotypes
differed by the participation of these two regions in the embryo axis diameter.
Genotype 4 had the highest participation of the stellar, and the lowest of corti-
cal zone, while genotypes 22, 30 and 40 had the highest participation of the
cortical, and the lowest of stellar zone.

DISCUSSION

Variability of acorn structure between Q. robur genotypes was studied in
this paper. Anatomical traits slightly differed between the genotypes as result
of interaction between certain genotype and common environmental conditions.

The external surface of the ripe acorn presents two areas of different co-
lor, texture and composition (S o b r i n o - V e s p e r i n a s and V i v i a n i,
2000): cupular surface (corresponds to the area of attachment to the cupule),
apical surface (area outside the cupule), and the transition band between them.
The pericarp structure in the cupular region differs from that of the acorn api-
cal region. The structure of the acorn cupular area is simple and homogenous,
with vascular bundles composed of small, undifferentiated parenchymal cells
having thick walls but lacking the cuticle or external cell layer (S o b r i -
n o - V e s p e r i n a s and V i v i a n i, 2000). Absence of the sclereids in this
area enables the acorn growth (Z e m k o v a, 1980). In the present work, struc-
ture of the pericarp in the apical acorn region was studied.

Structural characteristics and thickness of the pericarp are considered to
have a major role in seed germination as they influence water absorption of
the embryo, gas exchange, and leakage of inhibitors (T a y l o r s o n and
H e n d r i c k s, 1977; M o h a m e d - Y a s s e e n et al., 1994). Variability of
the pericarp thickness between the genotypes was lower than of the seed coat.
The thickest pericarp was found in genotype 22, along with genotypes 6, 16,
28, 40 and 85, while the thinnest in genotypes 20 and 29. However, other ge-
notypes were characterized by the thickest (38, 85, 4) or the thinnest (28, 40,
33, 22, 18) seed coat. The mesocarp takes up 52—71% of the pericarp, and its
thickness was the most variable trait of the pericarp. A negative correlation
was found between the exocarp and mesocarp thickness, as well as between
the pericarp and seed coat thickness (r = –0.391 and –0.393, respectively),
while the pericarp and mesocarp thickness were correlated positively (r = 0.835).
Hence, well-protected acorns with firm pericarp may have thinner mesocarp
(parenchyma). A well-developed parenchymatous tissue is important for accu-
mulation of organic matters during the stages of acorn development. In addi-
tion, there are implications concerning the role of the parenchymatous layer
(mesocarp) in absorption and retaining of water. Chestnut oak (Q. prinus)
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acorns are much more capable to germinate in dry soils than acorns of white,
black, or northern red oak (M c Q u i l k i n, 1990). This difference may be due
to a thick parenchyma layer in the acorn pericarp that allows them to absorb
and retain more moisture than acorns of other oaks (K o r s t i a n, 1927).

In the pericarp, thickness of sclerified exocarp ranged from 135 to 240
mm (genotypes 6 and 38, respectively). In almost all fruit types, the sclerotic
cells are considered as a very important cellular type present in the pericarp,
and they are related mainly to the protection of seeds from injuries, and the
support of mesocarp fleshy tissues (R o t h, 1977). S o b r i n o - V e s p e r i -
n a s and V i v i a n i (2000) reported that the pericarp constitutes a barrier to
water loss and protects recalcitrant seeds of Q. suber against dessiccation. This
barrier is functional both during acorn development and after shedding. Q. ro-
bur seeds are also recalcitrant, sensitive to desiccation, and they lose viability
as they lose water (R o b e r t s, 1973). Therefore, it could be assumed that
acorns with thicker pericarp have better protection against desiccation, as
found in genotypes 6, 16, 22, 28, 40 and 85. In some species, the pericarp of
acorns is known to inhibit the natural germination process. In Q. nigra seeds,
neither the pericarp nor the seed coat imposed significant barriers to passage
of water. Therefore, P e t e r s o n (1983) assumed that delayed germination of
Q. nigra seeds was caused by mechanical strength of the pericarp, chemical
inhibition by the pericarp and slowly increasing capacity to imbibe water
required for pericarp rupture. The pericarp structure changes during stratifica-
tion and germination process. In stratified water oak acorns, V o z z o (1985)
described pores in the exocarp with underlying highly branched tubular chan-
nels, which represent potential pathways for gas and water exchange.

The seed size is important for growth and development of plants, and is
related to cotyledons as well as to embryo axis. A larger seeds potentially
have more nutrient reserves stored in the cotyledons to feed the radicle and ra-
pidly growing root system. The seed is still supporting the root growth long
after the root has started to branch. The increase of plants during growth is ba-
sed on their present size because of the geometric rate of cell division and the-
refore a larger seed produces more cells faster (M o t z, 1996).

During germination, carbohydrate and lipid contents in embryo diminish
and both substances shift from the cotyledons to the embryo axis. Unlike car-
bohydrates, proteins were found near the shoot apex and not in the cotyledons
(V o z z o and Y o u n g, 1975). Previous studies have shown that larger acorns
produce bigger plants faster than smaller ones, due to more cotyledon tissue
to feed the radicle and rapidly growing root system (T e c k l i n and M c -
C r e a r y, 1990). Dimensions of the embryo axis diameter and its parts, corti-
cal and stellar region, are important for development of the future plants consi-
dering different tissues that will be formed. The protoderm become the epider-
mal tissue, cells of the ground meristem differentiate into a cortex, while the
procambium become the vascular tissue. The ground meristem is distinguished
from the procambium by its less elongated and wider cells, but both kinds of
cells are filled with storage products in the dormant embryo (P a u l s o n and
S r i v a s t a v a, 1968). Development of the procambium in the stellar region is
of particular significance considering the role of the future conducting system
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in the transport of matters necessary for plant development. Diameter of the
stellar zone showed the highest genotypic variability (CV = 11.8%) of all tes-
ted embryo axis traits.

CONCLUSION

Genotype specificity of anatomical traits of acorns was evident in studied
Q. robur genotypes. The thinnest pericarp and a very thin cortical zone of the
embryo were found in genotype 20. The lowest cortical zone thickness and
stellar zone diameter were measured in genotype 40, while the highest values
in genotype 33. Analyses of traits of the pericarp and seed in different geno-
types can be of significance in determination of seed quality necessary for pro-
grams related to improvement, breeding, selection, propagation, and seed sto-
rage in English oak, bearing in mind their importance for preservation of seed
viability.
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VARIJABILNOST ANATOMSKIH OSOBINA ŸIRA
KOD GENOTIPOVA HRASTA LUŸWAKA (QUERCUS ROBUR L.)
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Slobodanka P. Pajeviã1, Milan K. Borišev1, Saša S. Orloviã2

1 Univerzitet u Novom Sadu, PMF, Departman za biologiju i ekologiju,
Trg Dositeja Obradoviãa 2, 21000 Novi Sad, Republika Srbija

2 Institut za nizijsko šumarstvo i ÿivotnu sredinu, Antona Åehova 13,
21000 Novi Sad, Republika Srbija

Rezime

U radu je ispitana varijabilnost anatomskih osobina ÿira kod sedamnaest
genotipova hrasta luÿwaka (Quercus robur L.). Ÿir je sakupqen u vegetativnoj
semenskoj plantaÿi Banov Brod (Srem, Vojvodina, Srbija). Ispitivane su struk-
turne osobine perikarpa (debqina egzokarpa, mezokarpa i endokarpa, kao i
ukupna debqina), semewaåe (ukupna debqina, kao i debqina spoqašweg epider-
misa, parenhima i unutrašweg epidermisa) i embrionove ose (dijametar, de-
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bqina kortikalne zone i dijametar stelarne zone). Dobijeni rezultati ukazuju
na odreðenu divergentnost genotipova u pogledu prouåavanih svojstava. Debqi-
na perikarpa se kretala od 418 do 559 mm (genotipovi 20 i 22). U proseku, udeo
egzokarpa u ukupnoj debqini perikarpa iznosio je 36.3%, mezokarpa 61.0%, a
endokarpa 2.6%. Debqina semewaåe kod pojedinih genotipova varirala je od 71
(genotip 28) do 157 mm (genotip 38). Takoðe, anatomske karakteristike embrio-
nove ose varirale su izmeðu genotipova. Najtawa kortikalna zona i najmawi
dijametar stelarne zone utvrðeni su kod genotipa 40, dok su najviše vrednosti
ovih parametara utvrðene kod genotipa 33.
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ANTIOXIDANT ACTIVITY OF WHEAT
AND BUCKWHEAT FLOURS

ABSTRACT: Antioxidative activities of wheat flours (type 500 and wholegrain) and
buckwheat flours (light and wholegrain) were tested using 1,1-diphenyl-2-picrylhydrazyl
(DPPH·)-scavenging activity, reducing power and chelating activity on Fe2+. Also, the con-
tent of the total phenolics of ethanolic extracts was estimated.

Polyphenolics content (expressed as gallic acid equivalent, GAE) in wheat flours va-
ried between 37.1 and 137.2 mg GAE/g extract, while its content in buckwheat flour were at
least four time higher and ranged between 476.3 and 618.9 mg GAE/g extract.

Ethanolic extracts of buckwheat flours exhibited higher antioxidant activities in all
the assays, except for chelating activity.

Regarding all the obtained results, it can be concluded that bakery products produced
with buckwheat flour could be regarded as potential functional foods.

KEY WORDS: antioxidant activity, polyphenolics, wheat and buckwheat flours

INTRODUCTION

Buckwheat, unlike most cereals, is an alternative crop belonging to the
Polygonaceae family. The increasing attention for buckwheat cultivation and
utilisation of buckwheat products is due to rising number of data focused on
its functional characteristics, which can provide many health benefits based on
buckwheat products consummation, first of all during prevention and healing
chronic diseases (L i and Z h a n g, 2001).

Functional properties of buckwheat based foods are due to proteins and
many rare components with healing effects. Among them, the most attractive
ones are flavones, flavonoids, phytosterols, fagophyrins, and thiamin-binding
proteins found in buckwheat seed.

C o d y and co-workers (1986) reviewed the biological and pharmaceuti-
cal effects of plant flavonoids, including buckwheat flavonoids, on human
beings and test animals. Many of the biological functions, such as antimutaci-
genity, anticarcinogenicity, and antiaging, originate from antioxidant activity
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of antioxidative enzymes and nonenzymic antioxidants (C o o k and S a m -
m a n, 1996). C o d y and co-workers (1986) cited the medical effects of plant
flavonoids; they are known for their effectiveness in reducing cholesterol le-
vels in the blood, keeping capillaries and arteries strong and flexible, and as-
sisting as a preventative measure against blood pressure, as well as many other
cardiovascular diseases.

O o m a h and M a z z a (1996) reported that flavonoids in buckwheat
can perform high antioxidative activity that may have the potential to show
pharmaceutical effects from this characteristic.

Six flavonoids (rutin, orientin, vitexin, quercetin, isovitexin and isoorien-
tin) have been isolated and identified in buckwheat, but in buckwheat seed
only rutin and isovitexin were found, and rutin attributed most of the flavo-
noid content in buckwheat seed (D i e t r y c h - S z o s t a k and O l e s z e k,
1999). Rutin and its hemisynthetic derivatives exert different medical effects
like normalisation of increased vascular permeability and fragility, oedema
protection (I h m e et al., 1996), antioxidant (W o j c i c k i et al., 1995), hypo-
tensive (E v a n s, 1996), and antiinflammatory effects.

Flavonoids isolated from buckwheat hulls showed radical scavenging acti-
vity (W a t a n a b e et al., 1997; W a t a n a b e, 1998), which is important in
suppressing radical damage in lipid peroxidation processes involved in food
deterioration or some diseases. H o l a s o v a and co-workers (2002) also re-
ported that phenolic compounds in buckwheat, namely 3-flavanols, rutin, phe-
nolic acids and their derivatives, possessed antioxidative activity stronger than
antioxidative components of oats and barley.

Based on the fact that antioxidative components from buckwheat flour
significantly contribute to its functionality, the aim of this work was to investi-
gate antioxidative properties of the commercially accessible buckwheat flours
in comparison to the wheat flour type 500 and wholegrain wheat flour, the
most frequently used wheat products for bakery industry, by measuring DPPH
radical scavenging activity, reducing power, chelating effect on Fe2+ and total
phenolics content.

MATERIALS AND METHODS

Materials

Buckwheat flours (light and wholegrain) and wheat flours (type 500 and
wholegrain) were provided by local market.

Extraction

Buckwheat or wheat flour (10 g) was mixed with 100 mL of 96% etha-
nol. Extraction was carried out with shaking at room temperature during 1 h.
Extract was separated by filtering through the filter paper (Whatman, Grade 4
Chr, UK), and procedure was repeated with 100 mL of solvent two times. The
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extraction solutions (3 x 100 mL) were combined and dried by vacuum-evapo-
rator. The dried extract was weight and the yield was calculated based on the
wet weight of the sample. The dried extract was resolved in 96% ethanol to
obtained 10 mL volume. The extract obtained by this procedure was used for
further investigations of antioxidant activity.

Determination of total phenolics content

The total phenolics content in investigated extracts of buckwheat and
wheat flours, measured as gallic acid equivalents, were determined spectropho-
tometrically using Folin-Ciocalteau's reagent (S i n g l e t o n et al., 1999). The
extract (0.1 mL) of buckwheat or wheat flours was diluted with distilled water
(7.9 mL). Folin-Ciocalteau's reagent (0.5 mL) and sodium carbonate solution
(1.5 mL; concentration 20 g/100 mL) were added, and the reaction mixture
was mixed thoroughly. The mixture was allowed to stand for 120 min with in-
termittent shaking. The absorbance was determined in a spectrophotometer
Jenway (6405 UV/Vis) at 750 nm.

DPPH free radical-scavenging activity test

The effect of the examined extracts on the content of 1,1-diphenyl-2-pi-
crylhydrazyl (DPPH·) radicals was estimated according to the modified method
of Hatano and co-workers (1988). The concentration of the DPPH· solution
which was used in the assay was 90 mM (22.5 mL 0.4 mM DPPH· solution
(0.01577 g DPPH· in 100 mL methanol) was diluted with 95% methanol to
100 mL). An aliquot (1.0 mL) of the DPPH· solution (90 mM) was diluted in
2.9 mL methanol, and 0.1 mL of the examined extracts at various concentra-
tions (0.1, 0.5, 1.0 and 2.0 mg/mL for buckwheat flour extracts and 10, 20, 30
and 40 mg/mL for wheat flour extracts) was added. The mixture was shaken
vigorously and left to stand for 60 min in the dark, then the absorbance was
measured at 517 nm against the blank (without extract) in a Jenway (6405
UV/Vis) spectrophotometer.

IC50 (mg/mL) was defined as the concentration of an antioxidant extract
which was required to quench 50% of the initial DPPH· under the experimen-
tal conditions given. It was obtained by interpolation from linear regression
analysis.

BHT and a-tocopherol were used as controls.

Reducing power

The reducing power of the ethanolic extracts was measured according to
the method of O y a i z u (1986). Various concentrations (0.1, 0.5, 1.0 and 2.0
mg/mL for buckwheat flour extracts and 10, 20, 30 and 40 mg/mL for wheat
flour extracts) of the ethanolic extracts (0.5 mL) were mixed with 2.5 mL of
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phosphate buffer (0.2 M, pH 6.6) and 2.5 mL of potassium ferricyanide (1%).
The mixtures were incubated at 50°C for 20 min, and after that TCA (10%,
2.5 mL) was added. The mixtures were centrifuged at 650 g for 10 min. The
supernatant (2.5 mL) was mixed with 2.5 mL of distilled water and 0.5 mL of
ferric chloride and the absorbance was measured at 700 nm in a Jenwey (6405
UV/Vis) spectrophotometer. Higher absorbance of the reaction mixture indica-
tes greater reducing power.

IC50 value (mg/mL) is the effective concentration at which the absorbance
was 0.5 for reducing power and was obtained by interpolation from linear re-
gression analysis.

BHT was used as control.

Chelating activity on Fe2+

The chelating activity of the ethanolic extracts on Fe2+ was measured ac-
cording to the method of D e c k e r and W e l c h (1990). Aliquots of 1 mL
of different concentrations of ethanolic extracts of buckwheat and wheat flours
(0.1, 0.5, 1.0 and 2.0 mg/mL and 0.01, 0.05, 0.1 and 0.5 mg/mL, respectively)
were mixed with 3.7 mL deionized water. The mixture was left for reaction
with FeSO4 (2 mM, 0.1 mL) and ferrozine (5 mM, 0.2 mL) for 10 min at
room temperature, and then the absorbance was measured at 562 nm in a
Jenway (6405 UV/Vis) spectrophotometer. A lower absorbance indicates a
higher chelating power.

The chelating activity on Fe2+ of the ethanolic extracts was compared
with that of EDTA at a level of 0.036 mM.

Statistical analysis

Experimental results were given as mean ± SD of three parallel trials and
measurements. P values < 0.05 were regarded as significant.

RESULTS AND DISCUSSION

The total phenolic content of each flour extract was estimated, since pheno-
lics may significantly contribute to its overall antioxidant activity. The amount
of total phenolics in wheat and buckwheat flours expressed as mg of gallic acid
equivalents (GAE) per 1 g of extract was presented in Figure 1. Phenolics
content in wheat flours varied between 37.1 and 137.2 mg GAE/g extract,
while its content in buckwheat flours was at least forty-five time higher and
ranged between 476.3 and 618.9 mg GAE/g extract.

Comparing the results among flour types, higher content of phenolics was
found in wholegrain flour in both, wheat and buckwheat. Results with similar
trend of increased content of phenolics in the flours containing more outer
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layers of grain and bran were obtained in the study of H u n g and M o r i t a
(2008).

The investigated extracts differed significantly (P < 0.05) in their total
phenolics content that is contributed to the different abilities to inhibit lipid
peroxidation (Fig. 2—4), i.e. to exhibited differences in antioxidative activities
(AOA). Z i e l i n s k i and K o z l o w s k a (2000) have the statistically signi-
ficant correlation between antioxidative activities and total phenolics of cereals
and their fractions. A correlation between antioxidative activity and rutin con-
tent or total flavonoids content in buckwheat cultivars has been shown (J i a n g
et al., 2006).
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Fig. 1 — Total phenolic content of flours

Fig. 2 — Reducing power



High differences in AOA comparing wheat and buckwheat flour extracts
were showed in reducing power assay (Figure 2). Better antioxidant activity
was found in buckwheat than in wheat flours indicated with lower IC50 values.

Strong antioxidative activity of buckwheat flour extracts might be attribu-
ted to the presence of polyphenols, especially rutin, as the main antioxidative
component in buckwheat (D i e t r y c h - S z o s t a k and O l e s z e k, 1999).
Rutin possesses all structural features which have been demonstrated to in-
crease antioxidative activity of flavonoids and their O-glycosides (A f a n a s ' e v
et al., 1989).

Wheat, as other cereals, has been known to contain hydroxycinnamic acid
derivatives, which demonstrated antioxidative activities (A n d r e a s e n et al.,
2001). Ferulic acid was reported to be the predominant phenolics acid ac-
counting for approximately 57—77% of total phenolic acids in wheat (Z h o u
at al., 2004). This acid possesses lower antioxidative capacity than rutin, ac-
cording to the structural characteristics of these components (C o o k and
S a m m a n, 1996). This fact could explain the higher AOA of ethanolic
extract of buckwheat flours in comparison to the extracts of wheat flours. In
addition, L i y a n a and S h a h i d i (2007) found that wheat flour possessed
the lowest amount of ferulic acid among the different milling fractions of
wheat, so this was reflected in its relatively low antioxidative activity.

Ethanolic extracts of buckwheat and wheat flours showed significant (P <
0.05) difference in their ability to reduce concentration of DPPH radicals by
donating H-atoms from the OH-groups of polyphenols (B r a n d - W i l l i a m s
et al., 1995), which was confirmed by their IC50 values (Figure 3).

DPPH· activities were higher in buckwheat than in wheat flours, indicated
by lower IC50 values, as the consequence of higher polyphenolics content in
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Fig. 3 — Scavenging activity
on DPPH�

Fig. 4 — Chelating activity
on Fe2+



buckwheat flours. Those values were 34.24 and 31.26 mg/mL, and 1.87 and
1.49 mg/mL for wheat and buckwheat flours, respectively.

Reduction of DPPH radicals reveals that examined extracts possess radi-
cal inhibitors or scavengers with possibility to act as primary antioxidants.
They might react with free radicals, particularly with the peroxy radicals,
which are the major propagators of the auto-oxidation chain of fat, thereby ter-
minating the chain reaction (S h a h i d i and W a n a s u n d a r a, 1992). Based
on the results obtained, the antioxidative activity of investigated extracts, parti-
cularly buckwheat extracts, could in part be markedly caused by their radical
scavenging properties. W a t a n a b e (1997) and W a t a n a b e and co-work-
ers (1998) reported that flavonoids, first of all rutin, isolated from buckwheat
hulls showed radical scavenging activity. Also, S u n and H o (2005) repor-
ted powerful antiradical activity on DPPH radicals of ethanolic extract of
whole buckwheat grain, but our results are not completely comparable because
of differences in applied methods.

The chelating activity on Fe2+ were significantly (P < 0.05) higher for
wheat flours extracts than for buckwheat flours extracts (Figure 4).

Since ferrous and cupric ions are the most effective pro-oxidant in food
systems (Y a m a g u c h i et al., 1988), and ferrous ions are commonly found
in food systems, high chelating activity of investigated extracts would be bene-
ficial in retarding metal-catalyzed oxidation (K e h r e r, 2000). The possibility
of complexing metal ions, as the antioxidant properties themselves, depends on
structure of compound, that is in the case of polyphenols (predominant flavo-
noids from buckwheat and phenolic acids from wheat) implies the number and
position of OH- and CH3O-groups.

Although rutin possesses more structural features than ferulic acid for
complexing metal ions, the ethanolic extracts of wheat flours exhibited more
potent chelating activity on Fe2+ than the buckwheat extracts. Lower anti-
oxidative capacity of rutin as metal chelator in comparison to ferulic acid (and
other hydroxycinnamic acids from wheat flour) might be due to steric hin-
drance of the sugar moiety of rutin. The presence of some more potent chela-
ting component(s) in wheat flour extract might be responsible for its higher
chelating capacity. Significant Fe2+ chelating activities and inhibitory effects
were detected in wheat grain extracts (Y u et al., 2002) which is in correlation
with our results presented in the Figure 4. Furthermore, in the Fe2+ chelating
assay, wheat bran demonstrated superior chelating properties over the other
milling fractions, while wheat flour had the lowest chelating capacity (L i -
y a n a and S h a h i d i, 2007).

CONCLUSION

The obtained results clearly indicated that ethanolic extracts of buckwheat
flours (light and wholegrain) possessed good antioxidant properties, including
reducing power, scavenging abilities on DPPH radicals and chelating abilities
on Fe2+ ions. Those extracts showed better antioxidative properties than the
ethanolic extracts of wheat flours (type 500 and wholegrain) except when the
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chelating activity on Fe2+ ions was taken into consideration. Also, wholegrain
flours, both wheat and buckwheat, exhibited better antioxidant properties in
comparison with light ones.

Concerning all the results, and previously emphasized, buckwheat flours
with their antioxidant characteristic as quality criteria, could be used in wheat-
-based food products and would contribute to their added-value for functional
and tailor-made-food production. Besides, buckwheat extract could be used in
food as an additive, i.e as a source of natural antioxidants in order to replace
the synthetic ones.
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ANTIOKSIDATIVNA AKTIVNOST BRAŠNA
OD PŠENICE I HEQDE

Ivana J. Sedej, Marijana B. Sakaå, Aleksandra Å. Mišan,
Anamarija I. Mandiã

Institut za prehrambene tehnologije Novi Sad, Univerzitet u Novom Sadu,
Bulevar cara Lazara, 1, 21000 Novi Sad, Srbija

Rezime

Antioksidativna aktivnost pšeniånog brašna (tip 500 i integralno) i
heqdinog brašna (belo i integralno) odreðena je primenom 1,1-difenil-2-pi-
krilhidrazil (DPPH�) testa, na osnovu merewa redukcione aktivnosti i helata-
cione aktivnosti na Fe2+. Takoðe, odreðen je i sadrÿaj ukupnih fenola u ispi-
tivanim etanolnim ekstraktima.

Sadrÿaj polifenola (izraÿen kao ekvivalent galne kiseline, GAE) u pše-
niånim brašnima je iznosio 37,1 i 137,2 mg GAE/g ekstrakta, dok je sadrÿaj u
brašnima od heqde bio najmawe åetiri puta viši i varirao od 476,3 i 618.9 mg
GAE/g ekstrakta. Etanolni ekstrakti brašna od heqde su pokazali višu anti-
oksidativnu aktivnost u svim testovima, osim za helatacionu aktivnost.

Na osnovu svih dobijenih rezultata moÿe se zakquåiti da obogaãewe pe-
karskih proizvoda heqdinim brašnom moÿe doprineti funkcionalnosti pro-
izvoda.

68



Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci, Matica Srpska Novi Sad,
¥ 118, 69—77, 2010

UDC 633.854.78:631.416
DOI: 10.2298/ZMSPN1018069K

R u d o l f R. K a s t o r i1 , I v a n a V. M a k s i m o v i ã1 ,
R a d o v a n Z. M a r i n k o v i ã2 , T i j a n a M. Z e r e m s k i - Š k o r i ã2 ,
J o r d a n a N. N i n k o v2 , M a r i n a I. P u t n i k - D e l i ã1

1 Faculty of Agriculture Novi Sad, Trg D. Obradoviãa 8, 21000 Novi Sad, Serbia
2 Institute of Field and Vegetable Crops, M. Gorkog 30, 21000 Novi Sad, Serbia

GENETIC VARIABILITY OF CONCENTRATION
OF MICROELEMENTS IN WILD SUNFLOWER

SPECIES AND HYBRIDS*

ABSTRACT: The aim of this work was to investigate genetic specificity of sun-
flower nutrition with microelements. Therefore, concentrations of essential (Zn, B, Mn, Cu,
Fe and Ni) and non-essential (Cr, Al, Cd, As, Pb and Ba) micronutrients were analyzed.
Five sunflower hybrids the most grown in Serbia and different populations of wild sun-
flower species originating from North America: Helianthus neglectus Heiser (3), Helianthus
agrophyllus T&G (3), Helianthus petiolaris Nutt. (2), Helianthus annuus L. (4) were inclu-
ded in the experiment.

Populations of wild sunflower species and hybrids differed significantly with respect
to the concentration of analyzed elements. Manganese concentration was significantly higher
in hybrids than in wild species. In all genotypes Fe, B and Mn had the highest concentra-
tion. Coefficient of variation of microelement concentration depended on genotype and par-
ticular element. In wild populations, for essential microelements, it was between 3.7 and
59.5, whereas in hybrids it varied from 10.0 to 48.8.

Coefficient of variation of concentration of non-essential microelements in wild popu-
lations varied from 7.7 to 73.8, and in hybrids from 15.1 to 48.8.

Average coefficient of variation in both wild species and hybrids was the lowest for
Mn and Pb. It was the highest for Cr, Ni, and Zn in hybrids and for Cd, Ni, and Cr in wild
species.

The results suggest that genetic specificity with respect to uptake of microelements in
wild species and hybrids is highly expressed. Broad genetic variability of concentrations of
microelements in wild species and hybrids indicate that their reactions to deficiency and/or
excess of those elements probably are not the same either. This finding may be used in
breeding process aimed specifically at improvement of tolerance and capacity to accumulate
microelements in sunflower. Phytoremediation technology designed to reduce the amount of
microelements in the soil could thus be advanced by utilization of such plants.

KEY WORDS: wild sunflower species, populations, hybrids, essential, non-essential,
microelement concentration
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INTRODUCTION

Plants belonging to the genus Helianthus are widely present all over our
planet. Various climatic and edaphic conditions resulted in appearance of spe-
cies that are variable in their morphology and biological characteristics, one of
which is mineral nutrition. Breeding process imposed by human activities sti-
mulated an increase in genetic variability of mineral nutrition of some species
and genotypes of sunflower. The first reports about varietal differences in
plant nutrition were published in the middle of last century (V o s e, 1963).
Since then, in many studies the existence of genetic variability in mineral nu-
trition between species and genotypes was confirmed (E p s t e i n, 1972; K l i -
m a š e v s k i, 1974; S a r i ã, 1981). This specificity refers to the temporal
dynamics of nutrient uptake and accumulation, plant sensitivity to nutrient
shortage or excess, nutrient distribution in plants, etc. (K a s t o r i, 1983).

In sunflower, genetic specificity of mineral nutrition was examined preva-
lently in different lines and hybrids (F o y et al., 1974; S f r e d o et al., 1985;
K a s t o r i and S t a n k o v i ã, 1985; V r e b a l o v, 1987; K r s t i ã and S a -
r i ã, 1991; K a s t o r i et al., 2008), and to a much lesser extent in wild
sunflower species (K r s t i ã and S a r i ã, 1987; S e i l e r and C a m p b e l l,
2004; S e i l e r and C a m p b e l l, 2006). The knowledge of specific nutrient
requirements of a crop is important both theoretically and practically. It allows
farmers to optimize plant mineral nutrition, which in turn makes room for
maximum utilization of genetic potential for yield and quality of various crops
and particular genotypes.

Environmental pollution with heavy metals and radionuclides, which re-
sults from human activities, has serious implications on the production of safe
agricultural products. It was found that sunflower could be successfully em-
ployed for decontamination of soils polluted with heavy metals and radionucli-
des (A d l e r, 1996). In Ukraine, 30 km from Chernobyl, rhizofiltration was
used together with phytoextraction for decontamination, and the best result
was obtained with sunflower (S o r o c h i n s k y, 1998). D u s h e n k o v et al.
(1995) found in the laboratory that within 24 h roots of sunflower plants were
able to substantially reduce the levels of Cd, Cr (VI), Cu, Mn, Ni, Pb, Sr, U
(VI), and Zn in water, bringing metal content close to or below the discharge
limits. Sunflower is also able to accumulate 137Cs and 90Sr. Roots of sunflower
accumulated up to eight times more 137Cs than the roots of timothy (Phleum
pratense L.) or foxtail (Alopecurus pratense L.). The ability of sunflower to
accumulate uranium (U) was reported by S a l t et al. (1998) and J o v a n o -
v i ã et al. (2001). Apart from the fact that sunflower intensely takes up some
heavy metals and radionuclides, it also has high biomass, enabling it to accu-
mulate and extract significant amounts of pollutants from the rhizosphere.

Cited results suggest that sunflower may be suitable for remediation of
soils and waters polluted with heavy metals and radionuclides. Therefore, the
aim of this study was to assess the capacity of some populations of wild
sunflower species and hybrids to take up microelements important from agro-
nomical point of view, i.e. B, Zn, Mn, Cu, Fe, and Ni, but also of the other,
potentially toxic elements: Pb, Cd, As, Cr, Al, and Ba.

70



MATERIAL AND METHODS

Plants were grown on weakly calcareous chernozem of good physical and
chemical properties (Tab. 1). At flowering, completely developed upper leaves,
which are physiologically the most active (Ã u p i n a and S a k a å, 1989),
were taken for the analyses. Micronutrient concentration was analyzed in diffe-
rent populations of wild sunflower species from Northern America (number of
populations per species is given in parenthesis): Helianthus neglectus Heiser
(3), Helianthus petiolaris Nutt. (2), Helianthus agrophyllus T&G (3), Heli-
anthus annuus L. (4) as well as in five sunflower hybrids the most grown in
Serbia. Micronutrient content was determined by ICP. The data were statisti-
cally processed by analysis of variance, calculation of the least significant dif-
ference (LSD), standard deviation, and coefficient of variation using Statistica
8 computer program.

Table 1. Basic soil properties

Depth
(cm)

pH CaCO3
%

Humus
%

Total N
(%)

AL-P2O5 AL-K2O

In KCl In H2O mg/100 g

0—30 7.19 8.22 2.76 1.96 0.154 15.0 24.1
30—60 7.37 8.26 4.56 1.95 0.142 6.6 20

RESULTS AND DISCUSSION

Concentration of analyzed essential microelements varied between popu-
lations of wild sunflower species as well as hybrids, suggesting that there is
significant genetic specificity with respect to uptake and accumulation of micro-
elements in analyzed genotypes (Tab. 2). Average values of microelement con-
centrations in wild species and hybrids were the most variable with respect to
Mn concentration, which was significantly higher in hybrids. Comparison
between the results obtained in hybrids with corresponding values for micro-
elements available in the literature, significant discrepancies are noticed. Con-
centrations of Fe, B and Mn were significantly higher in hybrids while Zn
concentration was lower that was found by R o b i n s o n (1970, 1973), P a i s
(1980), and B e r g m a n (1986). Concentrations of essential microelements
shown here correspond to the results that in similar agroecological conditions
obtained K o v a å e v i ã (1986). Higher concentration of essential microele-
ments in hybrids suggests that the soil on which plants were grown was, in
spite of weak alkaline reaction, well supplied with microelements in the forms
available to plants (U b a v i ã et al., 1993). Especially high was B concentra-
tion, which in hybrids was 165 mg/kg DW in average. Sunflower indeed has
high requirements for B (B l a m e y et al., 1978), which is in accordance with
our results. In hybrids, the highest variation from the average was found in
hybrid NS-H-45, in which concentration of nearly all analyzed elements was
significantly lower as compared to the other hybrids. To the best of our
knowledge, concentration of microelements in different populations of wild
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sunflower species has not been studied thus far. In some populations of Heli-
anthus agrophylus high Fe concentrations were recorded.

Concentration of a microelement in plant tissues signifies the need of a
plant for such an element and therefore such data are of primary biotechnical
significance. The knowledge about the accumulation of non-essential microele-
ments may help to choose the species and genotypes for phytoremediation of
soils polluted with heavy metals. In Tab. 3 are shown concentrations of
non-essential microelements in wild sunflower species and hybrids. In all po-
pulations of wild species and in hybrids Al had higher concentration than Ba,
Cr, Pb, and As whereas concentration of Cd was the least. There was espe-
cially high concentration of Al, Pb, and As in some populations of Helianthus
agrophyllus. Of tested hybrids, the highest concentration of all analyzed ele-
ments was found in NS-H-111, and especially high were concentrations of Cr
and Al. Relatively high As concentration in analyzed genotypes may be ex-
plained by high As concentration in underground waters of South Baåka,
where the plants were grown. Accumulation of Pb in plants was most probably
enhanced by the vicinity of highway. Concentration of non-essential microele-
ments in sunflower was studied extensively in the past. S i m o n (1998) and
S i m o n et al. (1999) studied the accumulation and distribution of Cd in
sunflower. In leaves of sunflower, grown on calcareous Chernozem, they
found the following concentrations of non-essential microelements (mg/kg): As
0.03, Ba 5.4, Cd 0.2, Cr 0.1, and Pb 0.0. These values were much lower than
values found in hybrids tested in our experiment. K á d á r and P á l v ö l g y i
(2003) found that sunflower accumulated low amounts of tested elements even
when high doses were applied to the soil (810 kg/ha). They concluded that, in
spite of high biomass production, sunflower is not suitable for phytoremedia-
tion of heavy metal-contaminated soils. At the same time, it is necessary to
note that cited authors included only one genotype in their study. The data on
the concentration of non-essential microelements in wild sunflower species are
not known so far.

Results presented here suggest that there is high genetic variability be-
tween populations of wild sunflower species and hybrids in the uptake and tis-
sue concentration of essential and non-essential microelements. This is suppor-
ted by high coefficient of variation of concentration of some microelements in
wild species and in hybrids. Coefficient of variation between populations of
some wild species was element-depended and for essential elements varied
between 3.7 and 59.5. For hybrids it varied from 10.0 to 48.8. Coefficient of
variation depended both on genotype and on the element. Average coefficient
of variation between populations of wild species had the following order:
Cd>Ni>Cr>As>Al>B>Fe>Zn>Cu>Ba>Pb>Mn, and when hybrids were compa-
red: Cr>Ni>Zn>Al>Fe>As>Cu>B>Ba>Cd>Pb>Mn (Tab. 2, Tab. 3). Although
analyzed populations of wild sunflower species are quite distant as compared
to hybrids, they all have low coefficient of variation for Mn and Pb concentra-
tion, and high for Ni and Cr. Based on presented data, one can speculate that
analyzed genotypes also differ in their tolerance to the deficiency and excess
of microelements. This feature of wild species can be used in breeding pro-
cess. However, genotypes in which concentration of microelement(s) was above
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the average may be suitable for phytoremediation, especially hybrids, because
they produce more biomass.

Tab. 2 — Content of essential microelements in populations of wild sunflower species and
hybrids (mg/kg DM)

Genotypes Zn B Mn Cu Fe Ni

Species Population

Helianthus
agrophylus

1575 27.56 109.0 74.70 14.26 978.2 1.31
1677 16.27 138.8 78.50 12.13 443.7 2.36
1317 22.58 165.7 81.75 17.49 852.8 3.52
Average 22.13 137.8 78.31 14.62 751.6 2.93

SD 4.94 24.7 2.93 2.44 239.7 1.78
CV 22.30 17.9 3.75 16.69 31.9 43.85

Helianthus
petiolaris

722 20.82 223.1 68.30 8.88 515.0 1.35
2167 22.58 111.3 59.60 8.10 452.3 0.40
Average 21.70 167.2 63.95 8.49 483.6 0.87

SD 1.32 61.3 4.79 0.77 34.5 0.52
CV 6.11 36.6 7.50 9.04 7.13 59.51

Helianthus
neglectus

457 24.63 164.5 77.80 12.79 515.0 1.50
1363 25.53 91.5 87.55 12.65 426.3 1.20
1183 17.53 133.9 73.45 8.16 589.4 3.33
Average 22.56 131.0 79.50 11.20 510.3 2.01

SD 3.83 30.5 6.85 2.37 73.2 0.98
CV 16.97 23.3 8.60 21.12 14.3 48.31

Helianthus
annuus

2144 15.19 100.8 126.20 6.60 379.8 1.10
2156 33.15 90.0 82.80 10.72 413.9 1.61
2038 20.75 144.3 60.75 9.08 415.2 1.13
2162 22.03 102.4 108.25 8.13 654.7 2.28
Average 22.78 109.4 94.50 8.63 465.9 1.53

SD 6.84 21.9 26.01 1.61 115.7 0.51
CV 30.04 9.9 27.53 18.61 24.8 33.60

LSD
0.05 1.30 5.32 3.23 1.12 22.5 0.35
0.01 1.74 7.14 4.34 1.50 36.9 0.47

Hybrids

NS-H-45 8.28 135.0 129.55 9.55 284.6 1.27
NS-H-111 20.99 153.2 152.50 12.72 706.2 3.52
NS-H-Baåvanin 27.55 159.2 127.55 13.98 377.3 1.70
NS-H-Krajišnik 16.42 163.6 162.30 9.59 385.9 1.00
NS-H-Velja 14.06 218.3 135.95 7.10 397.1 1.87
Average 17.46 165.3 141.57 10.59 430.2 1.87

SD 6.74 29.3 14.15 2.56 150.1 0.91
CV 38.61 17.7 10.00 24.21 34.9 48.80

LSD
0.05 1.05 9.63 3.59 0.64 44.2 0.09
0.01 1.46 13.36 4.98 0.88 61.3 0.13

LSD for species and hybrids

0.05 1.21 6.44 3.30 0.96 31.1 0.29
0.01 1.61 8.58 4.41 1.28 41.4 0.39
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Tab. 3 — Content of non-essential microelements in populations of wild sunflower species and
hybrids (mg/kg DM)

Genotypes Cr Al Cd As Pb Ba

Species Population

Helianthus
agrophylus

1575 0.43 135.80 0.43 1.22 2.84 21.50
1677 0.10 59.25 0.09 1.07 2.27 15.50
1317 0.13 117.70 0.13 1.50 2.33 19.99
Average 0.22 104.25 0.22 1.26 2.48 18.99

SD 0.16 34.72 0.16 0.23 0.36 2.72
CV 69.06 33.30 73.86 18.54 14.45 14.29

Helianthus
petiolaris

722 1.07 48.25 0.32 1.26 1.08 18.70
2167 1.57 31.35 0.08 0.98 1.09 15.49
Average 1.32 39.80 0.20 1.12 1.09 17.09

SD 0.28 9.31 0.13 0.16 0.08 1.78
CV 20.99 23.39 65.59 14.19 7.70 10.39

Helianthus
neglectus

457 1.75 65.65 0.64 1.04 1.47 21.00
1363 1.55 60.35 0.21 0.44 1.40 14.01
1183 1.37 79.20 0.17 1.18 1.68 21.00
Average 1.89 68.40 0.34 0.88 1.52 18.67

SD 0.37 8.95 0.23 0.35 0.14 3.51
CV 19.67 13.08 66.00 39.61 9.32 18.78

Helianthus
annuus

2144 1.16 48.95 0.27 1.02 1.47 17.03
2156 3.17 55.70 0.35 1.16 1.17 19.36
2038 1.87 56.45 0.14 1.06 1.74 12.73
2162 3.40 92.80 0.11 0.37 2.07 16.77
Average 2.40 63.47 0.22 0.90 1.61 16.47

SD 1.00 18.05 0.10 0.33 0.37 2.54
CV 41.48 28.44 46.91 36.22 23.24 15.42

LSD
0.05 0.26 4.42 0.01 0.16 0.29 0.67
0.01 0.34 5.93 0.02 0.22 0.39 0.90

Hybrids

NS-H-45 2.30 46.30 0.28 0.50 1.54 24.52
NS-H-111 6.86 105.05 0.34 0.59 1.89 28.14
NS-H-Baåvanin 3.11 53.25 0.26 0.43 1.35 17.17
NS-H-Krajišnik 2.68 47.35 0.34 0.82 1.56 20.34
NS-H-Velja 2.83 60.05 0.28 0.53 1.97 23.04
Average 3.55 62.40 0.30 0.57 1.60 22.64

SD 1.74 22.63 0.05 0.14 0.25 3.81
CV 48.80 36.24 15.54 25.20 15.17 16.82

LSD
0.05 0.26 2.53 0.05 0.05 0.17 0.50
0.01 0.37 3.51 0.08 0.08 0.24 0.70

LSD for species and hybrids

0.05 0.25 3.81 0.05 0.14 0.25 0.60
0.01 0.33 5.09 0.07 0.18 0.34 0.80
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SADRŸAJ MIKROELEMENATA U POPULACIJAMA DIVQIH VRSTA
SUNCOKRETA I HIBRIDA

Rudolf R. Kastori1, Ivana V. Maksimoviã1, Radovan Z. Marinkoviã2,
Tijana M. Zeremski-Škoriã2, Marina I. Putnik-Deliã1

1 Poqoprivredni fakultet, Novi Sad, Trg Dositeja Obradoviãa 8,
Novi Sad, Srbija

2 Institut za ratarstvo i povrtarstvo, Maksima Gorkog 30,
Novi Sad, Srbija

Rezime

U ciqu prouåavawa genetske specifiånosti ishrane suncokreta mikroele-
mentima ispitan je sadrÿaj neophodnih (Zn, B, Mn, Cu, Fe i Ni) i ne neophod-
nih mikroelemenata (Cr, Al, Cd, As Pb i Ba) u pet najrasprostrawenijih hibri-
da suncokreta u Srbiji kao i u razliåitim populacijama divqih vrsta sunco-
kreta poreklom iz Severne Amerike: Helianthus neglectus Heiser (3), Helianthus
agrophyllus T&G (3), Helianthus petiolaris Nutt. (2), Helianthus annuus L. (4).
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Ispitivane populacije divqih vrsta suncokreta i hibrida znaåajno su se
meðusobno razlikovale u pogledu sadrÿaja ispitivanih mikroelemenata. Najve-
ãa razlika izmeðu populacija divqih vrsta suncokreta i hibrida utvrðena je u
sadrÿaju Mn koji je kod hibrida bio znaåajno veãi. Kod svih ispitivanih geno-
tipova najveãi je bio sadrÿaj Fe, B i Mn. Koeficijent varijacije sadrÿaja mi-
kroelemenata zavisio je od genotipa i elementa. Kod populacija divqih vrsta
suncokreta kretao se od 3.7 do 59.5, a kod hibrida od 10.0 do 48.8. Za neesenci-
jalne mikroelemente kod divqih populacija koeficijent je bio izmeðu 7.7, i
73.8, dok je kod hibrida varirao od 15.1 do 48.8. Koeficijent varijacije bio je
najmawi kod Mn i Pb kod divqih vrsta i hibrida. Kod hibrida najveãi koefi-
cijent varijacije imali su Cr, Ni i Zn, a kod divqih vrsta Cd, Ni i Cr.

Na osnovu dobijenih rezultata moÿe se zakquåiti da je genetiåka speci-
fiånost u pogledu usvajawa neophodnih i drugih mikroelemenata kod populaci-
ja divqih vrsta suncokreta i hibrida veoma izraÿena. Široka genetska varija-
bilnost ispitivanih genotipova u pogledu sadrÿaja pojedinih mikroelemenata
upuãuje na pretpostavku o razliåitoj reakciji prema wihovom nedostatku i su-
višku, što moÿe da bude od znaåaja u oplemewivaåkom radu, posebno pri stva-
rawu genotipova podesnih za fitoremedijaciju zemqišta zagaðenih mikroele-
mentima.
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GENETIC VARIABILITY OF MINERAL ELEMENTS
CONCENTRATION IN PEPPER VARIETIES

(CAPSICUM ANNUUM L.)

ABSTRACT: Pepper (Capsicum annuum L.) is one of the major members of the ve-
getable kingdom. The differences between the individual varieties in mineral nutrition and
the uptake of mineral elements have provoked our interest for the investigations of their ge-
notype specificity. The chemical composition of pepper leaves at flowering and at the end
of the growing season was analysed. On the average, the content of total ash was app. 22%,
namely 19—20% (soluble) and 2—3% (insoluble) at both stages. The highest accumulation
values were obtained with nitrogen, then potassium, calcium and phosphorus, whereas the
lowest with sodium. The most remarkable genotypic differences were recorded at the end of
the growing season. The results obtained clearly demonstrate the chemical heterogeneity of
pepper varieties. This crop may be grown successfully only if specificity of its mineral nu-
trition is known.

KEY WORDS: pepper, variety, mineral elements, concentration diversity

INTRODUCTION

The individual plant varieties show different resistance against high and
low temperatures, plant diseases and pests, different length of the vegetation
period and different specificity to the individual ions, i.e. elements of mineral
nutrition, simply defined as the genotypic specificity of mineral nutrition (S a -
r i ã and L o u g h m a n, 1983). Content of mineral elements highly correlates
with the genetic specificity of plants. The problem of genetic specificity of the
content of elements and plant nutrition is of a great importance from both the
theoretical and practical aspects. There are many data elaborating this topic
(K l i m a š e v s k i and Å e r n i š e v a, 1980; S a r i ã, 1981; B u g e v s k i et
al., 2007) while most investigations have been aimed at the differences be-
tween the individual genotypes in the content of mineral elements. Among the
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plant species investigated are different wheat cultivars, inbred lines of maize
and sunflower, as well as many other plant species (B l a m e y, 1980; S a r i ã
and K o v a å e v i ã, 1980). A great number of cultivars show differences in
the specific content of mineral elements (S a r i ã and K r s t i ã, 1983). There
are also data presenting the investigations on pepper varieties (S o m o s, 1984;
M e r k u l o v et al., 2000). Like with other plant species, there are differences
between the pepper genotypes in production of organic matter (G v o z d e n o -
v i ã et al., 1996; G v o z d e n o v i ã et al., 2000) and the requirements for
elements of mineral nutrition (G v o z d e n o v i ã and T a k a å, 2004). The
pepper is an important vegetable being characterized by different varieties in-
tended for different use, i.e. row pepper, ground dried pepper, hot pepper and
so on. Its mineral composition is very important particularly when it is used as
row pepper. Pepper contains high content of N, K, Ca, P, Mg, Fe, and other
elements. There are data showing that edible parts contain 5—6% mineral sub-
stances calculated per dry matter (Ã i r i ã, 1973). For it, the present work has
as objective to evaluate the chemical heterogeneity of different pepper varieties
and to determine the percentage of the individual elements in leaves, i.e. their
accumulation.

MATERIAL AND METHODS

The experiments were set up in the greenhouse at Rimski Šanåevi, Insti-
tute of Field and Vegetable Crops, Novi Sad. Each pepper variety was planted
in three replicates, 20 plants per replicate. Before transplanting, experimental
plots were fertilized with 10 g NPK (15:15:15)/m2. Plants were dressed with
10 g AN (ammonium nitrate) and 10 g NPK/m2 four times during the growing
season, hoed four times and treated with insecticides two times. Pepper leaves
were sampled at flowering and at the end of growing season. Chemical
analyses of soil (Table 1) show that it was weak alkaline soil moderate in hu-
mus, poor in N and with P and K exceeding tolerant values. High P and K
suggests the omission of P and K fertilizers (K a s t o r i, 2000), imposing the
need for greater amounts of N.

Tab. 1 — Chemical composition of soil analyzed at the end of growing season

Parameters Values Categories Limiting values

in KCl 7.37 Weak alkaline 7.21—8.20
pH in H2O 7.80 Weak alkaline 7.31—7.80
CaCO3 (%) 3.85 Moderate carbonate 2.01—5.00%
Humus (%) 3.01 Moderate humus 3.01—5.00%
Nitrogen (%) 0.150 I group < 0.200%
P2O5 (mg/100 g soil) 107.60 Exceeding tolerant values > 50.01 mg/100 g soil
K2O (mg/100 g soil) 61.0 Exceeding tolerant values > 50.01 mg/100 g soil

The pepper variety Plamena, Anita, Amfora, Novosaðanka, Lombardija,
Una, Vranjska, Krušnica, L-127, and SM-1 were analyzed. Ten standard plants
per replication of each variety were sampled.
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Nitrogen content in dry matter was determined by the standard Kjeldahl
method (N e l s o n and S o m m e r s, 1973). Total, soluble and insoluble ash
was determined in plant material by incinerating dried and ground samples at
450°C (S a r i ã et al., 1990). Phosphorus concentration was determined by
spectrophotometry from the stock solution by the ammonium-vanado-molybdate
method (G e r i c k e and K u r m i e s, 1952) while the content of K, Ca and
Na by flame photometry (S a r i ã et al., 1990) and expressed per dry matter.

The results obtained were statistically processed by the analysis of vari-
ance using MSTAT program. Treatments were compared by the Duncan's test,
at the significance level of a = 0.05, to obtain LSD values. Means of the
analyzed parameters were ranked and designated with letters.

RESULTS AND DISCUSSION

One of the factors affecting the production of plant biomass is the con-
centration of mineral elements. Productivity, i.e. synthesis of organic matter is
an important factor in all the plant species and genotypes within these species,
followed by the investments primarily in mineral fertilizers. Concentration of
ash macroelements and ash content may vary in different varieties and be-
tween different plant organs (S a r i ã and L o u g h m a n, 1983). Investigations
of mineral composition based on total (raw) ash, as well as soluble (pure) and
insoluble ash portions show that the ash content relies on a pepper genotype.
E r m a k o v a and A r a s i m o v i å (1961) quoted that the ash content in
edible part of the pepper fruit may vary between 1.03 and 11.82%.

According to the results presented in Table 2, the highest content of total
ash in leaves at flowering was obtained with the variety Novosaðanka (24.32%)
whereas the lowest with SM-1 (20.08%). Based on the results of Duncan's
test, tested varieties may be classified into the 6 statistically significant groups.

The highest soluble ash values were recorded in leaves of the variety No-
vosaðanka (21.72%) and the variety Amfora (21.54%) whereas the lowest in
the variety Vranjska (19.67%), Lombardija (19.47%) and Una (19.27%). Ba-
sed on the results of Duncan's test, the tested varieties may be classified into
the 5 groups.

The differences between leaves in content of insoluble ash suggest the
classification into the 3 statistically significant groups where the highest values
of insoluble ash were obtained with the variety Novosaðanka (2.60%) and the
variety SM-1 (2.53%) whereas the lowest with the variety L-127 (1.44%).

At the end of the growing season (Table 3), the highest total ash was
found in the variety Amfora (24.96%) whereas the lowest in the variety Kru-
šnica (19.64%). Based on the results of the Duncan's test, the tested varieties
may be classified into the 8 statistically significant groups.

The highest content of soluble ash was recorded in leaves of the variety
Amfora (21.78%) whereas the lowest in the variety SM-1 (13.82%). Based on
the results of the Duncan's test, the tested varieties may be classified into the
7 groups.
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Tab. 2 — Content of ash and macroelements in leaves of different pepper varieties at flowering

Variety
Total
ash

Insoluble
ash

Soluble
ash N P K Ca Na

% in DM mg % in DM

ANITA 23.33 ab 2.21 ab 21.12 ab 3.94 bc 382 bc 3729 b 487 a 150 abc
VRANJSKA 21.95 cd 2.28 ab 19.67 c 3.77 c 327 cde 3709 bc 470 a 117 c
NOVOSAÐANKA 24.32 a 2.60 a 21.72 a 4.11 bc 545 a 3875 ab 471 a 104 c
AMFORA 23.88 ab 2.35 ab 21.54 a 4.06 bc 349 cd 4417 a 479 a 121 bc
UNA 20.93 de 1.66 ab 19.27 c 4.22 abc 278 def 3667 bc 241 d 100 c
PLAMENA 22.58 bc 2.04 ab 20.54 abc 4.03 bc 464 ab 3959 ab 325 bc 150 abc
SM-1 20.08 e 2.53 a 17.55 d 4.58 ab 180 g 3959 ab 276 cd 117 c
KRUŠNICA 21.68 cd 1.89 ab 19.79 bc 4.80 a 247 efg 3375 bcd 356 b 121 c
L-127 21.33 cde 1.44 b 19.89 bc 4.29 abc 484 a 3083 cd 330 bc 200 a
LOMBARDIJA 21.07 de 1.61 ab 19.47 c 4.15 abc 215 fg 2833 d 294 bcd 175 ab
Average 22.11 2.06 20.05 4.19 347 3660 373 135
LSD0.05 1.27 0.91 1.32 0.60 85.90 586.60 67.22 50.26

The differences in the content of insoluble ash of the pepper leaves sug-
gest the classification of the tested varieties into the 6 statistically significant
groups, where the highest content of insoluble ash was found in the variety
Vranjska (3.69%) whereas the lowest in the variety Una (2.59%).

Based on the number of statistically significant groups, one may conclude
that the chemical heterogeneity of pepper plants was greater at the end of the
growing season when the differences between varieties were greater and the
total ash was higher.

Tab. 3 — Content of ash and macroelements in leaves of different pepper varieties at the end of
growing season

Variety
Total
ash

Insoluble
ash

Soluble
ash N P K Ca Na

% in DM mg % in DM

ANITA 22.37 cd 2.65 c 19.72 bc 3.93 ab 154 c 3438 b 633 d 83 ab
VRANJSKA 22.30 cde 3.69 a 18.61 d 3.59 g 268 ab 2646 c 834 a 83 ab
NOVOSAÐANKA 22.79 b 3.15 abc 19.64 bc 3.87 bcd 267 ab 3563 b 693 cd 75 ab
AMFORA 24.96 a 3.18 abc 21.78 a 3.79 cde 189 c 4021 b 809 ab 92 a
UNA 22.56 bc 2.59 c 19.97 b 4.03 a 163 c 5021 a 685 cd 75 ab
PLAMENA 21.98 de 2.82 bc 19.16 cd 3.74 ef 194 ab 4688 a 760 abc 88 ab
SM-1 17.29 g 3.47 ab 13.82 f 3.54 g 192 c 2688 c 643 d 67 b
KRUŠNICA 19.64 f 3.16 abc 16.48 e 3.74 def 201 c 3625 b 701 cd 71 ab
L-127 21.94 e 2.74 bc 19.21 cd 3.63 fg 257 b 3980 b 693 cd 92 a
LOMBARDIJA 22.02 de 2.67 c 19.35 bc 3.90 abc 307 a 3688 b 701 bcd 83 ab
Average 21.78 3.01 18.77 3.78 229 3736 715 81
LSD0.05 0.39 0.71 0.61 0.13 45.20 534.80 101.60 20.77

Nitrogen is the most widespread element in nature. In green plants, app.
50% of total nitrogen is found in leaf proteins while of that amount, more than
70% is bound in chloroplasts and only 10—20% or less is free in the form of
nitrate or ammonia (S a r i ã et al., 1987). There is a close relationship between
the growth of vegetative plant parts and the amount of available nitrogen (S o -
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m o s, 1984). By analysing the nitrogen content in different parts of pepper
plants, K a u f m a n n and V o r w e r k (1971) reported on its highest content
in leaves (3.6%) and fruit (3.3%) while lower values were recorded in stem
and root (app. 2%). According to M a r k o v i ã (1998), the highest N content
was found in leaves and fruit (3.63% in leaf dry matter and 3.33% in fruit).
Moreover, the highest nitrogen content was found in young pepper plants, gra-
dually decreasing with senescence. M e c s (1974) in his work on seasoning
pepper and the percentage of N during its growing reported on its highest con-
tent at flowering. Hot varieties contain more nitrogen than sweet ones. By
analyzing the variability of the leaf nitrogen content (Tables 2 and 3) it may
be concluded that the average nitrogen content was higher (4. 19%) at flow-
ering than at the end of the growing season (3.78%). At the flowering stage,
the highest nitrogen content was obtained with the variety Krušnica (4.80%)
whereas the lowest with the variety Vranjska (3.77%), (5 statistically signifi-
cant groups). At the end of the growing season, the highest nitrogen content
was recorded in the variety Una whereas the lowest in the variety SM-1
(3.54%), (9 statistically significant groups).

In the pepper crop, content of P (essential element) is considerably lower
than that of N. Its greatest accumulation is recorded at full flowering. The
highest content of this element was recorded in pepper fruit while somewhat
lower in leaves, stem, and root (M e c s, 1974). In pepper, phosphorus content
is app. 10 times lower than that of nitrogen (200—300 mg %), decreasing
from the beginning to the end of growing season. By comparing hot and sweet
peppers, M e c s (1974) found that former contain higher phosphorus than lat-
ter. Phosphorus means (Tabs 1 and 2) were higher at flowering (347 mg %)
than at the end of the growing season (229 mg %), confirming the data publi-
shed elsewhere (G v o z d e n o v i ã and T a k a å, 2004). The highest P at
flowering was recorded in the variety Novosaðanka (545 mg %) whereas the
lowest in the variety SM-1 (180 mg %). Differences in content of this macro-
element were recorded between all the analyzed varieties except Novosaðanka
and L-127. At the end of the vegetation season, five varieties (Anita, Amfora,
Una, SM-1 and Krušnica) showed no differences in content of this element,
three varieties (Vranjska, Novosaðanka and Plamena) exhibited somewhat higher
P content with no mutual differences between varieties whereas the highest P
was recorded in the variety L-127 (257 mg %) and Lombardija (307 mg %).

The role of K in plant respiration, photosynthesis, and synthesis and tran-
sport of carbohydrates, being essential for high yield and high quality of vege-
tables was analyzed (K a s t o r i, 1991). This element is present in plants in the
form of ions, loosely bound to the protoplasmic colloids, as well as in the
form of organic and inorganic salts (S a r i ã et al., 1987). The pepper crop
contains considerable amounts of potassium. Its requirements for this element
range from 140 to 210 kg/ha (K a s t o r i, 1991). According to S o m o s
(1984), the largest portion of potassium is present in leaves (4700—6800 mg
%) and stem (2600—4800 mg %) while its content in root is between 1900
and 3200 mg %. Potassium content in fruit is rather low, ranging from 2700 to
3400 mg %. The absolute amount of potassium in fruit showed low variations
during the growing season (K a u f m a n n and V o r w e r k, 1971). In our in-

83



vestigations (Table 2), flowering values of potassium were classified into the 7
statistically significant groups. Potassium content in leaves ranged from 4417
mg % (Amfora) to 2833 mg % (Lombardija). Irrespective of pepper variety,
averages amounted 3660 mg %. Average value at the end of the growing sea-
son was 3 660 mg %. The highest content was found in the variety Una (5
021 mg %) whereas the lowest in the variety SM-1. No significant variations
between varieties were obtained, except the variety Una and SM-1.

The role of Ca in life processes of plants has many forms (M i x and
M a r s c h n e r, 1976). The most important is maintenance of structure and
function of cell membranes, nonspecific activation of certain enzymes, acid
neutralization, and its impact on swelling of protoplasmic colloids (K a s t o r i,
1983). The highest Ca content is recorded in leaves, then stem and root
whereas the lowest in seed. Its concentration increases with senescence (S a -
r i ã et al., 1987). During ripening, Ca content decreases in fruit whereas in-
creases in leaves. According to M a r k o v i ã (1998), Ca content relies on
pepper variety and plant organ, ranging from 0.60% to 3.60%. Our results
(Table 2) show significant differences between the average Ca content in leaves
at flowering (373 mg %) and at the end of the growing season (715 mg %).

The content of Na in plants relies on a great number of factors like plant
species and environmental conditions. Na controls the osmotic pressure and
takes part in neutralization of acids originated from different processes in
plants. The uptake of Na ions increases with plant senescence (S a r i ã et al.,
1987). According to S a n h e z - C o n d e (1970), sodium content in pepper
plants may range from 1 to 2% compared with dry matter whereas F r e d e -
r i c k et al. (1962) quoted app. 10 mg %. The results presented in Table 2
show that the Na concentration in leaves showed far less values when com-
pared with other elements. Its average content at flowering was 81 mg %
while at the end of growing season it was 135 mg %. When compared with
other macroelements, Na exhibited the smallest variability, irrespective of pep-
per variety and ontogenetic phase. Due to high requirements for mineral ele-
ments and supplementary irrigation, lengthen growing season, and genotype
differences, for high yields this crop requires application of app. 8—120 kg/ha
of nitrogen, 65—100 kg/ha of phosphorus and 140—210 kg/ha of potassium
(K a s t o r i, 1991; L a z i ã et al., 1998).

CONCLUSION

Differences between pepper varieties in content of ash and mineral ele-
ments in leaves at flowering and at the end of growing season were recorded
in this study. No significant differences between varieties in the content of in-
soluble ash, irrespective of developmental stage, were found while the highest
total ash was found in leaves of variety Novosaðanka and Amfora. As for the
content of mineral elements in pepper leaves, nitrogen is ranked first, then po-
tassium, calcium and phosphorus whereas sodium is the last. The results ob-
tained clearly demonstrate the chemical heterogeneity of pepper varieties. This
crop may be grown successfully only if specificity of its mineral nutrition is
known.
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GENETIÅKA VARIJABILNOST KONCENTRACIJE
MINERALNIH ELEMENATA KOD RAZLIÅITIH SORTI PAPRIKE

(CAPSICUM ANNUUM L.)

Borivoj Ð. Krstiã1, Ðuro J. Gvozdenoviã2, Nataša P. Nikoliã1

1 Prirodnomatematiåki fakultet, Departman za biologiju i ekologiju,
Trg Dositeja Obradoviãa 2, 21000 Novi Sad, Srbija

2 Institut za ratarstvo i povrtarstvo, Maksima Gorkog 30,
21000 Novi Sad, Srbija

Rezime

Paprika (Capsicum annuum L.) predstavqa jednu od vodeãih povrtarskih
kultura a kako se pojedine sorte meðusobno razlikuju po zahtevima za mineral-
nom ishranom kao i iznošewem elemenata iz zemqišta prinosom potrebno je
ispitati wihovu genotipsku specifiånost. U radu je specifiånost mineralne
ishrane ispitana odreðivawem hemijskog sastava lista u fazi cvetawa i na
kraju vegetacije. Dobijeni rezultati pokazuju da je sadrÿaj ukupnog pepela u pro-
seku iznosio u obe ispitivane faze oko 22%, rastvornog 19—20%, nerastvornog
2—3%. Na osnovu rezultata moÿe se zakquåiti da se u paprici od svih makro-
elemenata najviše nakupqa azot, odmah zatim slede kalijum, kalcijum, fosfor,
dok natrijuma ima procentualno najmawe. Genotipske razlike naroåito su izra-
ÿene na kraju vegetacije. Rezultati ukazuju da je u ciqu uspešne proizvodwe pa-
prike neophodno voditi raåuna o specifiånim potrebama sorti za mineralnim
materijama.
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RARE EARTH ELEMENTS — YTTRIUM
AND HIGHER PLANTS*

ABSTRACT: Rare earth elements (REEs) form a chemically uniform group with
very similar physical and chemical properties. The REEs include the elements scandium,
yttrium, and the lanthanides from lanthanum to lutetium. They are widely distributed and
present in all parts of the biosphere. REEs are required in industry, agriculture, medicine,
biotechnology, environmental problems and many other fields. Lately, many experiments
show their positive or negative, first of all nonspecific, effect on life processes of higher
plants as well as growth and yield of cultivated species, but the physiological mechanisms
are still not well understood. It has been determined that yttrium is widely distributed in
plants, as well as that certain plant species uptake yttrium at different extent. Its highest ac-
cumulation is in the root and the leaf. Although yttrium was discovered more than two cen-
turies ago, its effect on higher plants — their anatomical and morphological built, physiolo-
gical and biochemical processes etc. — is very little known. One of the basic reasons is
that yttrium, as well as other REEs elements, according to current knowledge, is not bio-
genic for higher plants and — wider — for live organisms. The objective of this paper is to
concisely show previous knowledge about yttrium in the plant world.

KEY WORDS: Rare earth elements, yttrium, soil, plant, uptake, content, distribution,
functions

INTRODUCTION

There are 94 elements in the nature that are more or less present in all
parts of the biosphere, but not all of them are biogenic for live organisms. For
higher plants, biogenic mineral macroelements are C, N, P, S, K, Ca, and Mg,
microelements are Fe, Mn, Zn, Cu, B, Mo, Cl and Ni, and beneficial elements
are Na, Si and Co (M a r s c h n e r, 1995). Numerous papers report that in par-
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ticular conditions the elements that are not essential for higher plants can sti-
mulate their growth and development too. Stimulating effects of low concen-
trations of titanium (P a i s, 1983), lead (D i e h l et al., 1983), fluorine (H i t -
c h o o c k et al., 1971, K a s t o r i and P e t r o v i ã, 1983, 1984), chromium
(K r s t i ã et al., 1991) and other elements on the growth and development and
physiological and biochemical processes of plants were established. Stimula-
ting effects on plants have also been attributed to rare earth elements (REEs).
The REEs form a chemically uniform group and include the lanthanides and
actinides. Due to many similarities, lanthanides are often marked with the
common symbol Ln. The term lanthanides strictly defined refers to 15 ele-
ments following lanthanum to lutetium in the periodic table: lanthanum (La),
cerium (Ce), praseodymium (Pr), neodymium (Nd), promethium (Pm), sama-
rium (Sm), europium (Eu), gadolinium (Gd), terbium (Tb), dysprosium (Dy),
holmium (Ho), erbium (Er), thulium (Tm), ytterbium (Yb), and lutetium (Lu).
Yttrium (Y) and scandium (Sc) are often included in the list of RREs (T y l e r,
2004) and scandium (Sc) (H u et al., 2004). The element Y, which lies above
La, and has a similar +3 ion with a noble gas core, (Ar), has atomic and ionic
radii close to those for Tb and Dy. It therefore resembles them closely in its
chemistry and is generally found in nature with the lanthanides. The lanthani-
des plus Y are commonly called the rare earths, although many of them are re-
latively abundant (C o t t o n and W i l k i n s o n, 1988). Numerous research
of REEs also include yttrium, which makes it necessary to review the REEs
effect when studying yttrium's effect on organic production and life processes
of plants. Even more so, since numerous investigations by now showed REEs
effect on physiological and biochemical processes, growth, development and
yield of plants (H u et al., 2004). Detailed review of REEs in biological
systems and their implementation is given in works of B r o w n et al. (1990)
and H o r o v i t z (2000).

Physiological effects of rare earth elements on plants

On average content of REEs on the Earth, crust is close to 0.015%. More
than 250 kinds of minerals containing REEs are known, among which the best
known are: bastnaesite, monazite, xenotime, loparite, euxenite, and parisite.
Content of REEs in the soil depends among other things on characteristics of
the basic substratum and descends according to the following sequence: gra-
nite > quaternary > basalt > purple sandstone > red sandstone. Besides, con-
tent of REEs in the surface layer of soil depends also on pedogenetic proces-
ses, weather, content of organic matter and clay minerals etc. According to
B o h n et al. (1985), content of REEs in the soil is in the range 30—700
mg/kg. Anthropogenic sources of REEs are phosphoric mineral fertilizers,
phosphorus plaster, sewer mud, and atmospheric deposition. Origin, content,
and dynamics of REEs in the soil are comprehensively considered in works of
T y l e r (2004) and H u et al. (2006).

Physiological aspects of REEs were mainly researched by Chinese re-
searchers and the results were mostly published in Chinese language. Detailed
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review of these and other researches in the field were given by H u et al.
(2004). Work of the mentioned author presented the basis of summarized
knowledge on uptake and effect of the REEs on physiological processes in
plants in this review.

Plants can uptake the REEs through the root as well as the aboveground
organs. Intensity of uptake of REEs and single elements of this group depends
on numerous factors. There have also been determined synergism and antago-
nism between certain elements of the REEs during uptake. Their mobility in
plants also differs. It is considered that Casparian strip of the root limits the
transport of the REEs in the root. Use of EDTA encourages uptake of REEs,
since this organic ligand increases desorption of REEs in the soil (Y a n g et
al., 1999). Degree of translocation of REEs from the soil into plants is about
20%. They are mostly accumulated in the root, and less in the stem and repro-
ductive organs. They are found in both intracellular and extracellular parts of a
plant and form chelate compounds with numerous components of metabolism
— amino-acids, nucleic acids, proteins etc. Uptake of REEs through the leaf is
much faster than through the root. This is not characteristic only for the REEs,
since the ions of other elements have far more faster uptake through the leaf
and are included in the metabolism of a plant than when the uptake goes
through the root.

T y l e r (2005) states increase of concentration of most of the 58 exa-
mined elements, among which also REEs, on dry mass basis during the course
of beech leaf senescence. According to T y l e r and O l s s o n (2005), no
clear relationship between soil properties or REEs content and leaf REEs con-
centration was detected in eight forest-floor herbaceous plants.

REEs affect the uptake and metabolism of mineral matter in plants. They
stimulate the uptake of certain elements, and decrease the uptake of others.
Their influence on the uptake and function of calcium was studied the most
( B r o w n et al., 1990). The REEs have very similar chemical properties and
ion radius as calcium. They bond at the same places in organism and have a
similar effect as calcium. This mainly refers to La3+. By using La it is possible
to alleviate symptoms of calcium deficiency and stimulate growth of plants
showing deficiency of this element. Similarly to calcium, REEs influence the
stability, permeability and functioning of cell membranes and can inhibit cal-
cium uptake (R e n g e l, 1994).

H u et al. (2004) state in their paper results of numerous authors who have
determined effect of certain REEs on activity of some enzymes, the content of
phytohormones, productivity and intensity of photosynthesis, chlorophyll syn-
thesis, translocation of photosynthesis products, water regime of plants and
their resistance to water deficiency, symbiotic fixation of atmospheric nitrogen
etc. But also, a favorable effect of REEs on seed germination has been deter-
mined by a larger number of authors (C h e n S h u - L i n a n g et al., 1987,
B a i B a o - Z h a n g et al., 1988).

Research results about the REEs effect on plant growth are somewhat
contradictory. The early findings mostly point to inhibitory effect of these ele-
ments on plant growth, first of all lanthanum (P i c k a r d, 1970, V a n S t e -
v e n i c k et al., 1976). In most papers published lately it is pointed to a sti-
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mulating effect of REEs on growth and organic productivity of plants. They
were found to affect favorably the yield of many grown crops such as rice
(H u n g Z h i - G a n g et al., 1983), sugar cane (N i n g J a - B e n et al., 1985),
sugarbeet (X i e H u i - G u a n g and Y u Z h e n g - H e, 1986, B a i B a o -
- Z a h n g and W a n g T i n g - H u i, 1988), soybean (K a s t o r i et al., 1990b),
sunflower (B a i B a o - Z h a n g et al., 1990a).

Yttrium in plants

In 1974 Finnish chemist Johan Gadolin has investigated a mineral disco-
vered by Arrhenius in 1787 in Sweden in the village of Ytterby, and obtained
an oxide, which he named ytterbia. The product was a mixture of oxides from
which in 1843 Mosander obtained yttrium-oxide, and later in 1928 W ö h l e r
managed to obtain the metal yttrium (G r e e n w o o d and E a r n h a w, 1999).

In nature yttrium can be found in small quantities in polymetal minerals
that contain compounds of lanthanides, calcium, iron, uranium, titanium, zirco-
nium etc. The Earth crust contains about 5.0 × 10—3 weight percent of Y.
Sources of Y are ores xenotime, gadolinite, samarskite etc. Apollo missions to
the Moon showed that there is a very high content of Y in moon rocks
(www.graysonhighschool.org). In chemical compounds Y is found in the form
of cation Y+3 or is a part of complex anions. Y salts are colourless, they
hydrolyze, tend to form double and complex salts. It forms inorganic and che-
late compounds and alkyl products (R i p a n and C e t e a n u, 1972).

Interest and demand for Y have suddenly increased since the production
of colour TV screens began, for some of its compounds found use as material
that glow under stroke of electrons (R i b á r, 2006). Yttrium is also used to
create fake games, lasers, radar equipment, camera lenses and so much more.
Metal Y and its compounds and isotopes are lately used in different contempo-
rary technologies and instrumentation, as well as medicine and biotechnology
( H o r o v i t z, 1995). Research on its impact on physiological and biochemi-
cal processes in plants are more recent, they began at the end of the last cen-
tury and are still rather rare.

Content of Y in the soil depends on litogenic and pedogenic processes,
chemical composition of the rocks and minerals, physical and chemical proper-
ties of the soil and anthropogenic factors. Utramafic rocks contain somewhat
smaller amounts of Y (0.5 to 5 ppm) than acid rocks and sandstones (28 to 55
ppm) (K a b a t a - P e n d i a s, 2001). According to E r d a m a n et al. (1976)
content of Y in non-cultivated soil in the Missouri area USA is 23 ppm, while
in cultivated soil it is 15 ppm. G o u g h et al. (1988) has determined in diffe-
rent types of soil in Alaska content of Y of < 4 to 100 ppm (DW). I c h i -
h a s h i et al. (1992) have reported that content of Y in the soil is in the range,
have reported that content of Y in the soil is in the range < 10 to 150 mg/kg.
Based on the results of numerous authors it can be concluded that the content
of Y in the soil is about 20 ppm. In the soil, yttrium forms complexes with
proteins and humus matter (P a u l e n o v a et al., 2000). The adsorption pro-
cess of Y-90 in soil was influenced by the soil type and the horizon's depth.

90



Hydrogen ions did not have a significant influence on the adsorption of Y-90
( S o l e c k i, 2004).

The man enriches the soil with Y with his activities, first of all by usage
of mineral fertilizers. According to K a s i n o v a et al. (1996) content of Y in
nitrogen mineral fertilizers is the range 2—4 ppm. As said by K á d á r (2000)
in superphosphates of different year of make the content of Y was in the range
10.4—53.9 mg/kg, in potassium salt 0.07—1.12 mg/kg, while in the investi-
gated nitrogen fertilizers it was present only in traces. Organic fertilizers also
enrich the soil with Y. According to investigations by Y o s h i n o and G o t o
(taken from K a b a t a - P e n d i a s, 2001) the content of Y in the dry matter
of rice straw was 0.061 ppm, while in the animal manure prepared from the
same straw it was much higher, 0.73 ppm.

In nuclear fission reactions various isotopes of Y are produced in rather
large amounts. Twenty six Y unstable isotopes have been characterized. Y-90
exists in equilibrium with its parent isotope Sr-90, which is a product of nu-
clear explosions. Because of this, the study of the uptake and accumulation of
Y by plants is assumed important. As a result of the Chernobyl disaster in
1986, measurements of Sr-90 and Y-90 and other radionuclides were measured
in Hungary. Levels in plants were 10—15 folds higher, respectively, than in
the years 1981—1985 (C s e h and K i s s, 1993). The isotopes of Y are not
apt to be as important as other fission products in the hazard evaluation of fis-
sion product absorption by plants. The uptake efficiency for Y varies from 2
to 4 orders of magnitude less than Sr, depending on the plant and nutrient en-
vironment (R e d i s k e and S e l d e r s, 1953). According to K l e c h k o v -
s k y and T s e l i s h c h e v a (1957) plants absorb more radioactive strontium
than yttrium, more yttrium than strontium is transported within plants.

First published papers about uptake of Y by plants originate from the be-
ginning of the second half of the last century. At the time a large number of
isotopes of different elements was obtained, of Y as well, which enabled their
appliance in experimental work too. S p o o n e r (1949) was one of the first
to investigate the uptake of radioactive Y in plants. He established that the red
and brown algae react differently in their uptake of Y and concluded that the
uptake of Y by algae from sea water to be partly adsorption and partly ionic
exchange with Y already associated with a cell. According to N i s h i t a et
al. (1961) the uptake of several radioactive fusion products from contaminated
soils by crop plants was different among plant species and conditions of
growth. The relative order of magnitude of uptake of fission products by crop
plants through the root system appeared to be: Sr89—90 > J131 > Ba140 > Cs137 >
Ru106 > Y91 > Pm147 > Zr95—Nb95. Distribution of fission products in different
part of investigated crop plants were: pea leaves 10.0, stems 1.55, pods 0.80,
seeds 0.02, roots 385.0, bean leaves 6, stems 2, fruits 2, lettuce leaves 3, stems
1, radish leaves 5, roots 7, carrots leaves 4, roots 4 D.P.S./g. Accumulation of
Y was highest in root and leaves of plants, but comparatively low in seeds,
fruits, or edible roots. J a c o b s o n and O v e r s t r e e t (1948) established
that dwarf pea plants accumulate Y in their leaves to only about 0.034 times
the concentration in the soil. The mentioned fact points to the assumption that
Y is strongly bonded in the soil, which makes its uptake and consequently
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translocation to aboveground plant organs limited. This is supported also by
the research results of R e d i s k e and S e l d e r s (1954) which state that
barley on sandy loam soil can accumulate only about 0.006 of the concentra-
tion of Y present in the soil (concentration in aerial tissues/concentration in
soil). Some authors claim far larger concentration factor for REEs. Citing re-
sults of other authors, H u et al. (2004) state that the natural translocation
rates for REEs from soil to plant are approximately 20%, and for REEs ferti-
lizer „Changle" this rate was 55—60%. According to W e l c h (1984) biolo-
gical absorption coefficient (plant /soil ratio for the plant concentration of a
given element plotted as a function of its concentration in the soil) for Y and
other REE elements in terrestrial plants is 0.003. D o b r o v o l s k y (1994)
calculated higher value of 0.15.

The uptake and consequently accumulation of Y in plants is affected by
numerous biotic and abiotic factors. Presence of chelating agents in calcereous
soil encouraged the Y uptake in beans (E s s i n g t o n et al., 1963). The pH
value of the environment also affects the Y uptake. According to T y l e r and
O l s s o n (2001) the concentration of all REEs, except Y, in the roots of the
grass Agrostis capillaris was inversely and linearly related to the pH of the
soil solution. The result of R e d i s k e and S e l d e r s (1954) show that
within the range of pH the uptake efficiency was proportional to the hydrogen
ion concentration. The same authors established that the uptake into the above-
ground parts of the bean plants and the amount of Y associated with the roots
was proportional to the concentration of Y added to the nutrient solution. Ear-
lier, R o b i n s o n (1943) established that entering gadolinite into the soil in-
creases the uptake of REEs. According to G u et al. (2000) in solution culture
the uptake of Y increased. O z a k i et al. (2002) investigated the uptake me-
chanisms of Y and REEs for accumulators and non-accumulators species. Au-
tumn fern (Dryopteris erythrosora) accumulator species showed no ionic-ra-
dius dependence of Y-REE uptake by leaves, while non-accumulator species
showed an extremely high uptake for Y compared to REEs. Y-REE uptake by
autumn fern was influenced by the addition of chelating reagents to the uptake
solution, while no effect was observed for non-accumulators species.

The Y content in certain plant species was investigated by a larger num-
ber of authors. Based on the published results, it can be concluded that certain
plant species accumulate this element at different extent. The Y content in
plants was thoroughly investigated by C o n n o r and S h a c k l e t t e (1975)
and S h a c k l e t t e et al. (1978). These authors have determined in 10% of
the investigated species a measurable concentration of Y. In edible plants the
Y content is in the range 20—100 ppm (AW), the highest value was determi-
ned in cabbage. C o w g i l l (1989) investigated 71 plant species that belong
to 29 families and established presence of Y in all of the 1100 analyzed sam-
ples. This big difference in distribution of Y in plants between results of cer-
tain authors most likely lies in different sensitivity of the applied determina-
tion methods and genetic specificity of the investigated species regarding Y
accumulation. Based on what we know today, it can be said that Y is very
abundant in the plant world. Compared to other plant species, ferns and li-
chens have a high content of Y (I c h i h a s h i et al., 1992). That is confirmed
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by E r ä m e t s ä and Y l i r o u k a n e n (1971) who have established that Y
concentration in mosses and bryophytes is in the range 2—200 ppm (DW). Far
lower values for the same plants are stated by B o w e n (1979) — for lichens
from 0.2 to 2 ppm and for bryophytes from 1.3 to 7.5 ppm (DW). These re-
sults confirm that beside the genetic specificity of the species and probably the
genotype, an important role in Y accumulation belongs to ecological factors,
which may explain significant differences in Y content determined at the same
species in different environments by certain authors. D u k e (1970) has stated
that the content of Y in food plants from tropical forest region goes from 0.01
to 3.5 ppm (DW). Relatively high concentrations of Y exist in species of the
phylum Mycophytophyta (H o r o v i t z, 1993). Comparing the stated values of
Y content in plants to the values of some significant biogenic microelements
(Mo, Co, Se, Ni etc.), it can be concluded that by commonness in plants they
are very similar to yttrium.

Distribution of elements in plants depends on their mobility in the plant,
physiological and biochemical role, morphological and anatomical properties,
growth and development phase etc. According to Z h u and C h e n the
sequence of some REEs in plants is as follows: 147Nd > 141Ce > 90Y > 140La
(taken from H u et al., 2004). R e i s k e and S e d l e r s (1954) point to
poor translocation of Y from aerial tissues and translocation from the root. For
REEs elements it can be generally said that their distribution in plant organs is
as follows: root > leaf > stem > flower > fruit. According to H o n g et al.
(1999) Y is mostly accumulated in the root, than the leaf and the least in the
stem. A significant accumulation of Y in the beans root was detected also by
R e d i s k e and S e l d e r s (1954). The mentioned authors believe that the
large accumulation of Y in the root is not the result of the life activity of the
root tissue, but firstly of its adsorption onto the surface of the root system.

Yttrium is not a biogenic element for higher plants, why it is understand-
able that there is very little data in literature on its affect on growth, develop-
ment, and life processes of plants. The capacity of Y bonding to biomolecules
is indicated by the formation of complexes with phosphorus-containing com-
pounds, mucopolysaccharides and fluoride (H o r o v i t z, 2000) and nucleic
acids (F u j i w a r a et al., 1990). The first paper about the influence of Y on
plant growth was published at the beginning of the century by E v a n s
(1914). This author established that 1.7 mg Y3+/l produced a diminution in cell
division with irregular cell arrangements by hyacinth (Hyacynthus sp.) rootlets.
Cytological studies of the effect of a 40 metal solution, among which 0.5 up
to 5 mM of yttrium sulfate on root meristem of Allium cepa showed a com-
mon effect of colchicine type mitosis (L e v a n, 1945). According to tests per-
formed by Y o u n g (1935) appliance of 500 mg Y3+/kg sandy loam affected
stimulating on the growth of grass timothy (Phleum pratense). Fänrich (1964)
established that yttrium chlorides combined with boron either had no effect
or showed a slight inhibitory effect. Appliance of solution of 50 mg/l of the
single REEs La, Pr, Nd, Sm, Eu, Gd and Y as RECl3 on seeds, increased ger-
mination of wheat by 1.3 to 16.5% (J i e, taken from H u et al., 2004).

Numerous data from literature point to a wide abundance of REEs (H u et
al., 2006) as well as to their physiological and biochemical effect on plants
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(H u et al., 2004). They are not biogenic for higher plants or for other live or-
ganisms, but can specifically influence their life processes. Experiments, per-
formed mainly in China, show that the REEs can be beneficiary for organic
plant production (H u et al., 2004). Even with numerous results (H o r o v i t z,
2000), it can still be said that it is not clear enough how they affect human
and animal health, which makes it necessary to investigate further in this field,
having in mind that by being applied in plant production they enter the food
chain. There is far less data in the literature about the single affect of certain
REEs elements on life processes of higher plants, which goes for Y too (H o -
r o v i t z, 1993, 1995, 2000, K a b a t a - P e n d i a s, 2001). Identifying the up-
take, accumulation, distribution of REEs in certain plant species and therefore
their entrance into the food chain, as well as their non-specific stimulating or
toxic effect on plants, can be very significant ecologically too. Therefore, an
increased interest of researchers lately for this group of microelements is un-
derstandable. What certainly contributed to this trend is the existence of new
and much more sensitive determination methods.
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ELEMENTI RETKIH ZEMAQA — ITRIJUM I VIŠE BIQKE

Rudolf R. Kastori1, Ivana V. Maksimoviã1, Tijana M. Zeremski2,
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Rezime

Elementi retkih zemaqa (REEs) su iz hemijski uniformnih grupa sa veoma
sliånim fiziåkim i hemijskim osobinama. REEs ukquåuju elemente kao što su:
skandijum, itrijum i lantanide od lantana do lutecijuma. Oni su široko ras-
prostraweni i prisutni u svim delovima biosfere. REEs se koriste u indu-
striji, poqoprivredi, medicini, biotehnologiji, kod problema zaštite ÿivot-
ne sredine i u mnogim drugim poqima. U novije vreme, u mnogobrojnim ogledi-
ma je utvrðeno wihovo pozitivno ili negativno, pre svega nespecifiåno, dej-
stvo na ÿivotne procese viših biqaka kao i na rastewe i prinos gajenih vr-
sta, ali fiziološki mehanizmi dejstva još uvek nisu razjašweni. Utvrðeno je
da je itrijum široko rasprostrawen u biqnom svetu, kao i da pojedine biqne
vrste itrijum u razliåitoj meri usvajaju. Najveãe je wegovo nakupqawe u korenu
i listovima. Iako je itrijum otkriven pre više od dva veka, o wegovom dejstvu
na više biqke, na wihovu anatomsku i morfološku graðu, fiziološke i bio-
hemijske procese i dr. veoma malo je poznato. Jedan od osnovnih razloga za to je
da itrijum, kao i ostali elementi REEs prema dosadašwim saznawima nisu
biogeni za više biqke i šire za ÿive organizme. Ciq ovog pregleda je da u sa-
ÿetom obliku prikaÿe dosadašwa saznawa u vezi sa itrijumom u biqnom svetu.
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HYDROCHARI-LEMNETEA OBERD. 1967 AND POTAMETEA

TX. ET PRSG. 1942 IN THE JEGRIÅKA WATERCOURSE
(THE PROVINCE OF VOJVODINA, SERBIA)

ABSTRACT: The Jegriåka, once a natural watercourse traversing the southwestern
part of the Baåka region, has been turned into a canal, which became part of the main canal
network of the hydro-system Danube-Tisza-Danube (Hs DTD). In its turn, the Hs DTD is
part of the European waterway linking the North Sea to the Black Sea, i.e., part of the navi-
gable Rhine-Main-Danube Canal. The watercourse is 65.4 km long and it is divided into
three levels. The presence of the regulated and the nonregulated sections of the canal,
frequent and abrupt changes in water level in the individual sections, different depths and
surface water widths of the various sections and the fishpond constructed in the lower sec-
tion cause considerable vegetation diversity. The vegetation comprises aquatic associations
of the classes Hydrochari-Lemnetea Oberd. 1967 and Potametea Tx. et Prsg. 1942. The
class Hydrochari-Lemnetea Oberd. 1967 includes the following phytocoenoses: Salvinio-
-Spirodeletum polyrrhizae Slavniã 1956, Ceratophylletum demersi (Soó 27) Hild. 1956,
Lemno-Utricularietum vulgaris Soó 1928 and Hydrocharidetum morsus-ranae Van Langen-
donck 1935. The class Potametea Tx. et Prsg. 1942 includes the associations Myriophyllo-
-Potametum Soó 1934, Najadetum marine Fukarek 1961, Nymphaeetum albae Vollmar
1947, Nymphoidetum peltate (Allorge 1922) Oberd. et Müller 1960 and Trapetum natantis
Müller et Görs 1960.

KEY WORDS: Jegriåka, aquatic vegetation, floating vegetation, submerged vegetation

INTRODUCTION

The Jegriåka watercourse is a regulated canal that is part of the main ca-
nal network of the hydro system Danube-Tisza-Danube (Hs DTD). It is lo-
cated in the Province of Vojvodina, Serbia. It runs from the village of Despo-
tovo to the village of Ÿabalj. Its length is 65.4 km and its drainage basin co-
vers 60,380 ha. The canal is divided into three levels: the upper, from the De-
spotovo lock (km 64+163) to the Zmajevo weir (km 47+700), the central,
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from the Zmajevo weir to the Ÿabalj II lock (km 15+000), and the lower, from
the Ÿabalj II lock to the Ÿabalj pump station and the confluence with the Tisza
River (km 0+000). The canal has a regulated bed between the marks km
64+163 and km 30+000, and a nonregulated bed from the mark km 30+000 to
the confluence with the Tisza River. The lower section of the canal has been
turned into a fishpond, the area of which is about 283 ha while the width rea-
ches up to 200 m. Because of the controlled water level table, regulated and
nonregulated sections, and the fishpond in the lower section, the watercourse
is very specific from the ecological point.

The following villages are arranged around the Jegriåka watercourse from
its source to the mouth: Despotovo, Ravno Selo, Zmajevo, Sirig, Temerin, Go-
spoðinci, and Ÿabalj.

The earlier studies of the aquatic and semiaquatic vegetations of the Je-
griåka watercourse have covered a limited area of the central section (V u å -
k o v i ã et al., 1993; S t o j a n o v i ã et al., 1996). The results of this study
cover the aquatic phytocoenoses of the classes Hydrochari-Lemnetea Oberd.
1967 and Potametea Tx. et Prsg. 1942. and it is part of complex, long-term in-
vestigation of the total length of the Jegriåka watercourse (L a z i ã, 2003,
2006; S t o j a n o v i ã et al., 2007).

MATERIAL AND METHODS

The phytocoenological studies were conducted during 1997—2004 vege-
tation periods according to the principles of the Zürich-Montpellier School
(B r a u n - B l a n q u e t, 1964). The syntaxonomic review of the studied vege-
tation was done according to S o ó (1964—1980). Plant determination was
done according to the publications Flora of SR Serbia, I—IX (J o s i f o v i ã,
ed. 1970—1977), Flora of SR Serbia, X (S a r i ã, ed. 1986), Flora of Ser-
bia, I (S a r i ã, 1992), Flora Europeae, I—V (T u t i n et al., 1964—1980
I—V), Hinár határozó (F e l f o l d y, 1990), and Icanographie der Flora des
Südostlichen Mitteleuropa (J á v o r k a & C s a p o d y, 1975).

RESULTS AND DISCUSSION

Syntaxonomic review of the associations of classes Hydrochari-Lemnetea
and Potametea of the watercourse Jegriåka:

Class: HYDROCHARI-LEMNETEA Oberd. 1967
Order: Hydrocharietalia Rübel 1933

Alliance: Lemnion minoris W. Koch et Tx. ex Oberd 1957
1. Ass. Salvinio-Spirodeletum polyrrhizae Slavniã 1956

Alliance: Ceratophyllion Den Hartog et Segal 1964
2. Ass. Ceratophylletum demersi (Soó 27) Hild. 1956

subass. typicum
subass. hydrocharetosum morsus-ranae Laziã 2003
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Alliance: Hydrocharition Rübel 1933
3. Ass. Lemno-Utricularietum vulgaris Soó 1928
4. Ass. Hydrocharidetum morsus-ranae Van Langendonck 1935

Class: POTAMETEA Tx. et Prsg. 1942
Order: Potametalia W. Koch 1926

Alliance: Potamion W. Koch 1926 emend. Oberd. 1957
5. Ass. Myriophyllo-Potametum Soó 1934

subass. typicum
subass. potametosum crispi Slavniã 1956

6. Ass. Najadetum marine Fukarek 1961
Alliance: Nymphaeion Oberd. 1956

7. Ass. Nymphaeetum albae Vollmar 1947
8. Ass. Nymphoidetum peltate (Allorge 1922) Oberd. et Müller 1960
9. Ass. Trapetum natantis Müller et Görs 1960

1. Ass. Salvinio-Spirodeletum polyrrhizae Slavniã 1956 (Tab. 1, col. 1)

Tab. 1 — Lemnion minoris, Ceratophyllion and Hydrocharition

1 2a 2b 3 4

Characteristic species of the ass. and subass. of the alliances Lemnion minoris,

Ceratophyllion and Hydrocharition

Salvinia natans (L.) Allioni V+–3 I1 II+ II+
Spirodela polyrrhiza (L.) Schleid. V1—3 I1 II+ I+
Ceratophyllum demersum L. V+–2 V4—5 V3—4 V+–1 V+–2
Hydrocharis morsus-ranae L. V+–2 V1—2 III+–1 V3—4
Uticularia vulgaris L. I1 V3—4 I+
Lemna minor L. V+–2 I+–2 III+–1 I+

Characteristic species of the alliances Lemnion minoris, Ceratophyllion and Hydrocharition,

the order Hydrocharietalia and the class Hydrochari-Lemnetea

Vallisneria spiralis L. II+–1 I+ II1—2
Lemna gibba L. III+
Myriophyllum spicatum L. I+ IV+–1 III+ IV+–3 IV+–1
Potamogeton fluitans Roth. I2
Najas marina L. I+

Accessory species

Trapa natans L. II+ I1—2 II+ III+–1
Elodea canadensis Rich II+ I+ II+–2
Potamogeton perfoliatus L. I1
Polygonum amphibium L. I+ I+ I+
Nymphaea alba L. I+ II1
Phragmites communis Trin. III1
Typha angustifolia L. II1
Lycopus europeus L. III+
Sparganium ramosum Huds. II1
Glyceria maxima (Hartm.) Holm. II1
Rumex hydrolapathum Huds. II1

1 — Salvinio-Spirodeletum polyrrhizae; 2a — Ceratophylletum demersi subass. typicum;
2b — Ceratophylletum demersi subass. hydrocharetosum; 3 — Lemno-Utricularietum vulgaris;
4 — Hydrocharidetum morsus-ranae
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In the studied watercourse, thick stands of the association Salvinio-Spiro-
deletum polyrrhizae were found near the Despotovo lock. Sparse stands were
found adjoining reed stands in the locations of Temerin and Sirig. Under condi-
tions of intensive light, these stands become abundant in warm sites with slug-
gish water flow. The main reasons for a limited distribution of these stands are
the abrupt and frequent changes in water level and flow rate. Optimum growth
is achieved in the second half of summer, when Salvinia natans, a characteri-
stic species of the association, reaches maximum abundance and sociability. In
addition to the characteristic species Salvinia natans and Spirodela polyrrhiza,
the floristic structure of the association frequently includes the species Hydro-
charis morsus-ranae, Lemna minor and Ceratophyllum demersum.

2. Ass. Ceratophylletum demersi (Soó 27) Hild. 1956 (Tab. 1, col. 2a, 2b)
The phytocoenosis Ceratophylletum demersi has differentiated in the stu-

died watercourse into subassociations Ceratophylletum demersi subass. typicum
and Ceratophylletum demersi subass. hydrocharetosum morsus-ranae. Stands
of Ceratophylletum demersi (Soó 27) Hild. subass. typicum (Tab. 1, col. 2a)
are widely distributed in the lower, nonregulated section of the Jegriåka, while
their distribution is limited in the upper and central sections. These stands oc-
cupy deep parts in the middle of the stream. Enormous submersed stands of
the dominant species Ceratophyllum demersum, which are either monodomi-
nant or floristically poor, can be seen near the village of Ÿabalj and in the Ÿa-
balj fishpond. Stands of Ceratophylletum demersi (Soó 27) Hild. 1956 subass.

hydrocharetosum morsus-ranae Laziã 2003 (Tab. 1, col. 2b) develop in slug-
gish water closer to the banks. They can be seen in the locations of Temerin,
Gospoðinci, Sirig, Ravno Selo, Ÿabalj, and the Ÿabalj fishpond. These stands
are floristically richer but they cover smaller areas than those of the previous
subassociation. Besides the submersed species Ceratophyllum demersum and
Myriophyllum spicatum, these stands include also some floating macrophytes
among which the dominant one is Hydrocharis morsus-ranae.

3. Ass. Lemno-Utricularietum vulgaris Soó 1928 (Tab. 1, col. 3)
Stands of the phytocoenosis Lemno-Utricularietum vulgaris were registe-

red near the villages of Temerin and Ÿabalj. Shallow waters next to the belt of
cattails and reeds or where the belt is thin or interrupted provide optimum eco-
logical conditions for these stands. The layer of submersed plants includes
Utricularia vulgaris as the dominant species and Ceratophyllum demersum and
Myriophyllum spicatum, which occur in great abundance. In the layer of floa-
ting plants, the characteristic species Lemna minor is accompanied by Hydro-
charis morsus-ranae, which is present in significant numbers. Since the stands
of this phytocoenosis are in contact with the emersed vegetation, their floristic
composition includes the species Phragmites communis, Typha angustifolia,
Sparganium ramosum, Lycopus europeus, etc.

4. Ass. Hydrocharidetum morsus-ranae Van Langendonck 1935 (Tab. 1, col. 4)
Stands of ass. Hydrocharidetum morsus-ranae develop in sluggish, shal-

low, and warm waters in the locations of Zmajevo, Temerin and Sirig. These
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stands border the submersed ass. Ceratophylletum demersi towards the middle
of the watercourse and the emersed phytocoenoses Scirpo-Phragmitetum, Ty-
phetum angustifoliae and Glycerietum maximae towards the shore. Large num-
bers of the characteristic species of the association, Hydrocharis morsus-ranae,
were present in all of the analyzed stands. Among the characteristic species of
the alliance, order and class, Ceratophyllum demersum and Myriophyllum spi-
catum were distinguished for maximum abundance, percent cover and socia-
bility.

Tab. 2 — Potamion and Nymphaeion

1a 1b 2 3 4 5

Characteristic species of the ass. and subass. of the alliances Potamion and Nymphaeion

Myriophyllum spicatum L. V1—2 V1—3 I+ IV+–3 II1 III+
Potamogeton fluitans Roth. V3—4
Potamogeton perfoliatus L. III1—2 I+
Potamogeton crispus L. V3—4
Najas marina L. V3—5 I+ II+–1
Nymphaea alba L. V3—5 I1
Nymphoides flava Hill. II+–1 I1 V4—5
Trapa natans L. I+ I+ I+ V3—4

Characteristic species of the alliances Potamion and Nymphaeion,

the order Potametalia and the class Potametea

Ceratophyllum demersum L. IV1—2 V+ V+–2 IV+–3 IV+–2 V+–3
Spirodela polyrrhiza (L.) Schleid. I+ I+ II+ I+
Hydrocharis morsus-ranae L. V+–1 I+ I+ V+–3
Uticularia vulgaris L. I1—3 I+
Lemna minor L. I+ I+ II+ I+
Lemna trisulca L. I+ II+–2
Salvinia natans (L.) Allioni I+ I+–1 II+
Vallisneria spiralis L. I+

Accessory species

Butomus umbellatus II+–1
Polygonum amphibium L. I1 I+ I+
Elodea canadensis Rich I2
Juncus compressus Jacq. I+
Carex vulpina L. I+

1a — Myriophyllo-Potametum subass. typicum; 1b — Myriophyllo-Potametum subass.
potametosum crispi; 2 — Najadetum marine; 3 — Nymphaeetum albae;
4 — Nymphoidetum peltate; 5 — Trapetum natantis

5. Ass. Myriophyllo-Potametum Soó 1934 (Tab. 2, col. 1a, 1b).
In the Jegriåka watercourse, the association Myriophyllo-Potametum has

differentiated into subassociations Myriophyllo-Potametum subass. typicum and
Myriophyllo-Potametum subass. potametosum crispi. Myriophyllo-Potametum
Soó 1934 subass. typicum (Tab. 2, col. 1a) grows only in the vicinity of Rav-
no Selo. It is floristically very poor, adjoining in the ecological sequence
stands of ass. Ceratophylletum demersi. Stands of Myriophyllo-Potametum
Soó 1934 subass. potametosum crispi Slavniã 1956 (Tab. 2, col. 1b) found fa-
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vorable conditions for development in the location of Temerin, in an inlet
where the water is warm and hardly moving. Besides Potamogeton crispus,
the characteristic species of the association whose abundance and percentage
cover are enormous, the species Myriophyllum spicatum, Ceratophyllum de-
mersum, Hydrocharis morsus-ranae and Polygonum amphibium are present in
significant numbers.

6. Ass. Najadetum marine Fukarek 1961 (Tab. 2, col. 2)
Stands of ass. Najadetum marine develop in deep waters of the Ÿabalj

fishpond, several meters away from the banks. The entire right bank of the
fishpond, which is bordered by saline pastures on the solonchak soil, is over-
grown with thick, monodominant stands of the association which are scores of
meters long and several meters wide. On the left bank, which adjoins agricul-
tural fields of different soil types, the calcareous chernozem, hydromorphic
smonitza soil and alluvial deposits on the hydromorphic black soil, the stands
of the association are patchy, small in size and they are predominated by Na-
jas marina, which is sparsely intermixed with Ceratophyllum demersum, Nym-
phoides flava, Trapa natans, Myriophyllum spicatum, Lemna minor, L. trisulca
and Spirodela polyrrhiza.

7. Ass. Nymphaeetum albae Vollmar 1947 (Tab. 2, col. 3)
Large stands of the phytocoenosis Nymphaeetum albae grow in the loca-

tions of Ÿabalj, Gospoðinci and Temerin and in the Ÿabalj fishpond, i.e., in the
sections with nonregulated bed where the water flow is slow and the thermal
and light regimens are favorable. The floristic structure of the association is
predominated by the species Nymphaea alba L., which has high values of
abundance, percent cover and sociability in all stands. The species Cerato-
phyllum demersum and Myriophyllum spicatum are present in considerable
numbers in these stands.

8. Ass. Nymphoidetum peltate (Allorge 1922) Oberd. et Müller 1960

(Tab. 2, col. 4)
Stands of the association Nymphoidetum peltate adjoin the stands of the

phytocoenosis Nymphaeetum albae. In the location of Ÿabalj and in the Ÿabalj
fishpond, the former stands form belts of floating vegetation, which find opti-
mum conditions in the shallow, sluggish, warm waters rich in nutrients. Be-
sides the dominant species Nymphoides flava, the species Nymphaea alba, Hy-
drocharis morsus-ranae, Trapa natans, Spirodela polyrrhiza and Lemna minor
sporadically provide the characteristic physiognomy to the floating layer. The
species Ceratophyllum demersum, Myriophyllum spicatum, Lemna trisulca,
Najas marina and Utricularia vulgaris make a clearly differentiated submersed
layer.

9. Ass. Trapetum natantis Müller et Görs 1960 (Tab. 2, col. 5)
The association Trapetum natantis is predominant in the floating belt of

vegetation in the locations of Ravno Selo, Zmajevo, Sirig and Temerin. The
association has a limited distribution in the Ÿabalj fishpond. The considerable
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percent cover and floristic poverty of its stands are due to the abundance of
the dominant species Trapa natans, which restricts the development of other
aquatic plants. When stands of ass. Trapetum natantis adjoin stands of ass.
Hydrocharidetum morsus-ranae and ass. Ceratophylletum demersi, the species
Hydrocharis morsus-ranae, Salvinia natans, Polygonum amphibium, Spirodela
polyrrhiza and Lemna minor can be seen in their floating layer and the species
Ceratophyllum demersum, Myriophyllum spicatum, Elodea canadensis and Val-
lisneria spiralis can be found in their submersed layer.
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VEGETACIJA KLASA HYDROCHARI-LEMNETEA OBERD. 1967.
I POTAMETEA TX. ET PRSG. 1942. U VODOTOKU JEGRIÅKE

(VOJVODINA, SRBIJA)

Dejana M. Xigurski, Slobodanka J. Stojanoviã, Aleksa S. Kneÿeviã,
Qiqana M. Nikoliã, Branka B. Qevnaiã-Mašiã1

1 Univerzitet u Novom Sadu, Poqoprivredni fakultet,
Trg D. Obradoviãa 8, Novi Sad, Srbija

Rezime

Jegriåka, nekada prirodni vodotok jugozapadnog dela Baåke, kanalisana je
i prikquåena OKM Hs DTD, koji je deo transverzalnog evropskog plovnog puta
od Severnog do Crnog mora. Wen tok duÿine 65,4 km åine tri stepenasta baze-
na. Prisustvo deonica sa regulisanim i neregulisanim koritom, åeste i nagle
promene nivoa vode u pojedinim bazenima, razliåita dubina i širina vodenog
ogledala i formirani ribwak, uslovqavaju znatnu vegetacijsku raznolikost. Ve-
getaciju Jegriåke åine zajednice klasa Hydrochari-Lemnetea i Potametea. Iz kla-
se Hydrochari-Lemnetea konstatovane su fitocenoze: Salvinio-Spirodeletum polyr-
rhizae, Ceratophylletum demersi, Lemno-Utricularietum vulgaris i Hydrocharidetum
morsus-ranae. Iz klase Potametea prisutne su sastojine asocijacija: Myriophyllo-
-Potametum, Najadetum marine, Nymphaeetum albae, Nymphoidetum peltate i Trape-
tum natantis.
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MECHANISMS OF ADAPTATION OF SMALL GRAINS
TO SOIL ACIDITY*

ABSTRACT: Acid soils limit crop production on 30—40% of the world's arable land
and up to 70% of the world's potentially arable land. Over 60% of the total arable lands in
Serbia are acid soils. Soil acidity is determined by hydrogen (H+) in soil solution and it is
influenced by edaphic, climatic, and biological factors. Major constraints for plant growth
on acid mineral soils are toxic concentrations of mineral elements like Al of H+ and/or low
mineral nutrient availability due to low solubility (e.g. P and Mo) or low reserves and im-
paired uptake (e.g. Mg2+) at high H+ concentrations. Aluminum (Al) toxicity is primary fac-
tor limiting crop production on acid soils. This review examines our current understanding
of mechanisms of Al-toxicity, as well as the physiological and genetic basis for Al-toxicity
and tolerance. Inhibition of root growth by Al leads to more shallow root systems, which
may affect the capacity for mineral nutrient acquisition and increase the risk of drought
stress. Of the two principal strategies (tolerance and avoidance) of plants for adaptation to
adverse soil conditions, the strategy of avoidance is more common for adaptation to acid
mineral soils. At the same, the short view of the most important genetics tolerance mecha-
nisms, developed and determined in some small grains genotypes, is showed as well.

KEY WORDS: acid soils, adaptation mechanisms, small grains

INTRODUCTION

Acid soils currently reduce plant production on 30—40% of total and up
to 70% of potentially arable land worldwide. They are distributed mainly in
two distinctive geographical belts: in the cold, humid, and moderate climate of
a northern belt, and the warm and humid climate of southern tropical regions
(E s w a r a n et al., 1997).

V a n W a m b e k e (1976) reported that acid soils cover 1,455 million
hectares of land, or some 11% of total global land surface, while V o n U e x -
k u l l and M u t e r t (1995) made estimates that acid soils (defined as soils
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with pH < 5.5 in the top layer) cover 3,950 million hectares, or about 30% of
arable land worldwide, with a tendency of further growth.

In the Republic of Serbia, acid soils are widespread, accounting for over
60% of total arable land (S t e v a n o v i ã et al., 1995). Those are mostly
lowland or hillside types of pseudogley or its leached variants, acid vertisols,
podzolic eutric cambisols, diluvial, brown, or leached brown soils of mount-
ainous regions. Those soils are rather poor in bases, medium to heavily acidic,
having very poor texture and poor organic content, and more or less ill suited
for cultivation of most cereal crops. Most acid soils are located in the central
parts of Serbia and in Kosovo and Metohija. With the exception of soils in
major river valleys (formed upon alluvial deposits) and soils formed upon cal-
careous, marine and lake sediments and limestone, nearly all regions of central
Serbia have soils with some degree of acidity.

The acidity of these soils, their high contents of H+ ions and low contents
of essential plant nutrients, primarily P and Ca, are limiting factors for high
and stable yields of cultivated cereal crops. Apart from acidity, those soils are
also often characterized by high contents of toxic forms of Al, Fe and Mn, and
by deficits caused by leaching or decreased availability of P, Ca, Mg and some
other micronutrients, especially Mo, Zn and B (N a r r o et al., 2001; S u m -
n e r, 2004; W e l c k e r et al., 2005; K o v a å e v i ã et al., 2006; J o v a n o -
v i ã et al., 2006; Ð a l o v i ã et al., 2007).

Recent investigations worldwide have shown that massive deterioration of
small grains on acid soils is caused by elevated concentrations of mobile forms
of some toxic elements (Al, Fe, Mn), whose contents become especially evi-
dent when no phosphorus nutrition is practiced or the Ca component is mis-
sing from nitrogen fertilizers (J e l i ã, 1996).

Acidity restrains root growth and, consequently, the uptake of water and
mineral nutrients. The top soil layer containing more organic matter is domi-
nated by H+ ions, while Al toxicity is more evident in layers beneath.

Aluminum toxicity is considered to be the most important factor limiting
plant growth on acid soils (F o y, 1984; C a r v e r and O w n b y, 1995; J a -
y a s u n d a r a et al., 1998; A r s e n i j e v i ã - M a k s i m o v i ã et al., 2001;
J e l i ã et al., 2004). Even though Al is present in water, soil, and atmosphere,
most of it is bound to aluminosilicate minerals in soil, while small, submicro-
molar amounts appear as soluble forms able to affect biological systems (M a y
and N o r d s t r o m, 1991).

When their contents and mobility are high in soil, plants become stressed,
and the state of stress becomes evident from such negative symptoms as slow
growth, weak tillering, thinning of crop and delay in various stages of deve-
lopment. High Al concentrations in plants interfere with the uptake, transport,
and reutilization of calcium, magnesium, phosphorus, and potassium that coin-
cide with water uptake and enzymatic activity in the root system, and disrupt
plant homeostasis. Obstruction of development of generative organs and grain
filling, and frequent deterioration and death of plants, are the other conse-
quences of the toxic activity of Al.

A primary response to Al-induced stress occurs in the root system of
plants (T a y l o r, 1988; J a y a s u n d a r a et al., 1998). The main symptom
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of Al toxicity is fast inhibition of root growth, which may be caused by chan-
ges in various physiological processes, including Al interaction with other ions
in the cell wall, plasma membrane or symplast of the root system (M a r -
s c h n e r, 1991; H o r s t, 1995; K o c h i a n, 1995). Aluminum also impairs
cell division in root tips, hardens cell walls, interferes with DNA replication,
blocks a number of enzymes, reduces the production and transport of cytoki-
nin, modifies the structure and functioning of plasma membrane, binds pho-
sphorus in its less available forms in soil and on root surface, decreases root
respiration, reduces water uptake and blocks the uptake and metabolism of
most nutrients.

Plant species differ regarding their tolerance to soil acidity and high con-
tent of mobile Al in the nutrient media. Some of them are intrinsically more
tolerant than others, for example cowpea (Vigna unguiculata L. Walp), peanut
(Arachis hypogea L.), rice (Oryza sativa L.) or rye (Secale cereale L.) (L i t t l e,
1988). Rye is one of the most stress-tolerant species in Triticeae family. Hi-
therto research of the tolerance of cereal species has shown that rye is most to-
lerant, followed by triticale (X Triticosecale Wittmack), wheat (Triticum aesti-
vum L.) and barley (Hordeum vulgare L.) (A n i o l and M a d e j, 1996).

We intended to discuss mechanisms of adaptation of small grains to soil
acidity, focusing on high contents of mobile Al in nutrient medium. Acid soils
are in a process of world scale expansion, largely due to human activities, and
this issue has scientific as well as acute economic relevance.

MECHANISMS OF SMALL GRAINS ADAPTATION
TO SOIL ACIDITY AND HIGH ALUMINIUM CONTENTS

Adaptation of small grains to elevated soil acidity and high Al contents in
soil solution may be due to one or more different mechanisms (M a r s c h n e r,
1991). Our present knowledge shows that various types of mechanisms, depen-
ding on their sites of activity, can be grouped into: i) external mechanisms that
stimulate Al elimination from root tips; ii) internal mechanisms dependent on
the capacity of Al tolerance in plant symplast, and iii) genetic mechanisms.
One should bear in mind that soil acidity normally coincides with high Al
contents, but that some plant species are sensitive to acidity and at the same
time tolerant to high Al concentration, while the reverse applies to some other
species.

External mechanisms of tolerance

External mechanisms of tolerance act to prevent penetration of Al and its
accumulation in plants. Their activity is present in the apoplast, cell wall, and
rhizosphere. The activity of external mechanisms of tolerance is based on: Al
immobilization in cell wall (B l a m e y et al., 1990; T a y l o r, 1991; K o -
c h i a n, 1995), leaching of Al through plasma membrane (Z h a n g and T a y -
l o r, 1991; T a y l o r, 1991), formation of a pH barrier in the plant rhizo-
sphere (F o y, 1988; T a y l o r, 1991; P e l l e t et al., 1997) and secretion of
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organic acids, phosphates, chelates and the other ligands through the root to
the exterior (H e n d e r s o n and O w n b y, 1991; R y a n et al., 1995; De la
F u e n t e et al., 1997; P e l l e t et al., 1997).

Cell wall is a barrier for Al ions transported from nutrient medium into
the cell interior. For that reason, cell wall, together with plasma membrane,
provides the most important external mechanism of plant protection from the
toxic effects of Al (T a k a b a t a k e and S h i m m e n, 1997). Complex struc-
ture of the cell wall and its chemical composition provides a protection from
abiotic stress, including Al-induced stress. Evidence has been found that diffe-
rent wheat cultivars have different capacities to bind Al in the cell wall,
consequently demonstrating different levels of Al tolerance. However, mecha-
nisms of tolerance of some genotypes are still not clear.

Plasma membrane is the primary site where Al intoxication takes place
(T a k a b a t a k e and S h i m m e n, 1997). Primary effects of Al on the per-
meability of root membrane may appear several minutes or as much as several
hours after exposure to Al. These effects are probably due to an ability of Al
to bind carboxyl groups in the cell wall and phosphate groups in the mem-
brane (G u n s é et al., 1997). Although the first reaction to Al is taking place
at the tip of the root (T a y l o r, 1995; S i v a g u r u et al., 1999), the mecha-
nism of growth inhibition caused by Al has still not been adequately explained
and continues to provoke different opinions. Some data indicate that Al pene-
trates the root symplast at considerable degree, probably affecting membrane
growth (L a z o f et al., 1994).

As the exact target site of Al toxicity in the cell has not yet been identi-
fied, intensive research has focused on the symplast on one side, and the apo-
plast on the other (M a r i e n f e l d et al., 2000). The bulk of absorbed Al ac-
cumulates in the apoplast and accounts for 30—90% of total Al in tissues
(R e n g e l, 1996). Most of Al has thus been uncritically attributed to symplast as
a result either of apoplast contamination or insufficient desorption. Although
various research reports have indicated that Al binds to different cell compo-
nents, such as cell wall, plasma membrane or DNA (R e n g e l, 1996; S i l v a
et al., 2000; T a y l o r et al., 2000), it seems that Al mostly accumulates in
the cell wall. R e n g e l and R e i d (1997) used giant cells of Chara coral-
lina algae and found that 99.99% of total Al in those cells was accumulating
in cell wall, while C h a n g et al. (1999) found that this applied mostly to the
cell wall pectin that remains in the protoplast even after enzyme digestion of
the wall. The authors went so far to assume that Al is able to bind pectin
formed after Al treatment. However, in order to understand the mechanism of
Al tolerance, quantitative information is required to clarify the uptake and dis-
tribution of Al inside the cell.

During contact with plasma membrane, Al acts as an ion-exchanging
agent. Therefore, cation exchange capacity (CEC) is very important for its up-
take, as hitherto research has confirmed that Al-tolerant genotypes have signi-
ficantly lower CECs than Al-sensitive genotypes. Besides, higher Al accumu-
lation in sensitive wheat and barley cultivars than in tolerant cultivars has also
been found inside the root and on total root surface, while tolerant cultivars
had higher Al accumulation only in the root cap zone (F o y, 1988).
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W a g a t s u m a (1983) also found a positive correlation between CEC
and Al content in roots of some plant species. However, other data based on
Al distribution between wheat apoplast and symplast have not indicated any
genotype differences regarding Al tolerance. Al immobilization in plasma
membranes is also based on maintenance of its selective permeability. Specific
calmodulin-type proteins have a significant role in this process as they are in-
tensively synthesized by tolerant cultivars when plants are exposed to Al
stress.

Aluminum phytotoxicity to cereals is heavily dependent on soil pH as
well. The mechanism of Al tolerance by some cereal genotypes is based on
their ability to maintain high rhizosphere pH. So far, it has been shown that
tolerant cultivars have higher rhizosphere pH than Al-sensitive ones (F o y and
F l e m i n g, 1982). W a g a t s u m a and Y a m a s a k u (1985) discovered a
positive correlation between Al tolerance of barley and increased pH in its me-
dium caused by the activity of the root system. However, in trials involving
different nitrogen forms (NH4-N and NO3-N), the build-up of a pH barrier in
order to achieve wheat tolerance was less important than some other mecha-
nisms and was very slow under conditions described (T a y l o r, 1988). On the
other hand, there is information indicating that increased pH aiming at esta-
blishing a pH barrier is highly efficient despite being quite slow.

Secretion of organic acids, phosphates and other substances by the root
system is another crucial mechanism of tolerance to Al. The activity of this
mechanism is based on complexation of Al with mucilage, organic acid li-
gands, and other substances forming chelate complexes. Al complexation re-
duces its uptake from the rhizosphere of the root system. At low soil pH and
high Al concentration, tolerant genotypes increase secretion of mucilage, i.e.
substances characterized by a high capacity of binding Al. Those substances
are able to bind cations (primarily Ca2+) and are secreted mostly by the root
cap and the root tip zone (P u t h o t a et al., 1991). Under high Al content in
a soil solution, the tolerant wheat cultivar Atlas 66 was found to have three
times the volume of mucilage synthesis that the sensitive cultivar Victor had
(J o h n s o n and B e n n e t, 1991).

Aluminum complexation with organic acids reduces Al phytotoxicity in
the rhizosphere or the root system. Organic acids extracted from roots have
different capacities for precipitating Al, namely: oxalic acid > citric acid > ma-
lic acid > succinic acid. D e l h a i z e et al. (1993) reported that the release of
apple acid from the root tip zone of tolerant genotypes was 5—10 times higher
than that of Al-sensitive genotypes. Simultaneously, accumulation of Al in the
root tip zone decreased.

Tolerant plants also counter toxic activity of Al by secreting chelates by
the root system. Chelators on root surface or in cell walls bind Al ions and so
reduce their mobility and uptake. O h m a n (1988) emphasized citrates as
powerful Al-chelators. The binding of citrate carboxyl groups with the Al-hy-
drated ion is a basis for reducing their diffusion through the lipid layer of plas-
malemma (A k e s o n and M u n n s, 1989). Al also forms complexes with
fatty acids. It is assumed that chelates of Al with free fatty acids (at concentra-
tions > 200 mM) intensify Al uptake, unlike chelates with esterified fatty
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acids. However, the mechanism of activity of this type of tolerance is limited
by the fact that chelates are constantly being broken down by microorganisms.
Their stable renewal requires a great deal of energy from the plant, which is
why this mechanism is less efficient.

Root colonization with mycorrhizal fungi is also an important mechanism
of plant adaptation to acid soils with high Al contents and smaller amounts of
available phosphorus in warm climatic regions. Ectomycorrhizal fungi bind Al
in cell walls, thus reducing its uptake. A crucial role of ectomycorrhizal fungi
has been partially proved for individual genotypes cultivated on tropical soils
with phosphorus deficits, and in cases where plant root systems were not sec-
reting significant amounts of organic acids (G o e d e r t et al., 1997). Apart
from their protective role against Al-induced stress, ectomycorrhizal fungi also
increase phosphorus availability to some mycorrhizal plants (e.g. Norwegian
spruce).

Internal mechanisms of tolerance

Internal mechanisms of tolerance to Al in Al-tolerant genotypes of cereals
become activated after a large amount of Al has penetrated plant cells through
the plasma membrane. The activity of this mechanism is based on Al com-
plexation with proteins, organic acids and enzymes, and chelation in cytosols.

An important part in Al detoxication in the plant symplast is played by
organic acids that form complexes with Al by accumulating them in specific
cell organelles, especially the vacuoles. Al complexation with organic acids,
primarily with citric and malic acids, is an important internal mechanism of to-
lerance to high concentrations of Al. Al detoxication in plant cell cytoplasm is
based on Al complexation with proteins, especially with the enzymatic protein
calmodulin. Besides calmodulin, other proteins of the metalloprotein group
form complexes with Al in cells; they bind Al via the SH group, forming rela-
tively stable complexes. The formed complexes are then transferred into the
vacuole by the enzyme tonoplast transferase (Al-ATPase) (A n i o l, 1984). The
activity of protein kinase in Al-tolerant cultivars has also been found to reduce
the toxic levels of Al, compared to sensitive cultivars (M o u s t a k a s et al.,
1992).

A decrease in cellular Al toxicity may also occur by its complexation
with phytochelatins. In small grains, especially in tolerant genotypes, a large
number of substances have been found that are able to form chelates with Al.

Genetic mechanisms of tolerance

Plants have genetically controlled mechanisms (present in most pheno-
types) and adaptive mechanisms (present in tolerant phenotypes) of overco-
ming high concentrations of various elements in their nutrient medium.

The environment with all of its factors influence plant organisms, causing
high variability in plants of the same inherited background. In addition, gene-
tic sources of tolerance can be very different and scattered in different indivi-
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duals of wild populations. Knowing the genetic background of tolerance is
greatly important for creating genotypes tolerant to acid medium, and to the
presence of high concentrations of Al.

Small grains show different levels of tolerance to acid soils and high con-
tents of Al in soil solution. Barley (Hordeum vulgare L.) is the most sensitive
of them, followed by wheat (Triticum aestivum L.), while oats (Avena sativa
L.) and rye (Secale cereale L.) show higher tolerance. However, differences
that have been detected in the tolerance of some genotypes within a species
are often greater than those between species.

Genetic characters and gene localization on chromosomes that are respon-
sible for tolerance to acidity and high Al content have been extensively studied
in cereals, especially in wheat.

S l o o t m a k e r (1974) was one of the first researchers in the world to
localize roughly wheat genes for tolerance to soil acidity, specifying the im-
portance of genome D, as well as genomes A and B. A n i o l and G u s t a f -
s o n (1984) found the genes responsible for wheat tolerance to Al on the
following chromosome arms: 6AL, 7AS, 4BL, 2DL, 3DL, 4DL and 7D, con-
firming that indeed the genes for Al tolerance exist predominantly in the A
and D genomes. In hexaploid wheat, the major genes that affect Al tolerance
are localized on the short arm of chromosome 5A and the long arms of chro-
mosomes 2D and 4D (A n i o l, 1995).

According to K e r r i d g e and K r o n s t a d (1968), only one dominant
gene was responsible for Al tolerance in cross-breeding of the wheat cultivars
Duchamp and Brevor, but additional genes were present in the cultivar Atlas
66. This is consistent with findings reported by C a m p b e l l and L a f e -
v e r (1981), who found that Al tolerance to wheat was not merely inherited,
but that expression of Al tolerance was additive and highly inheritable. C a -
m a r g o (1981) showed that the Al tolerance displayed by Atlas 66 was de-
termined by a complex genetic mechanism involving at least two dominant
major genes, and possibly some other minor genes. A gene on chromosome
5D had been identified previously, but B e r z o n s k y (1992) found that Al
tolerance in Atlas 66 was determined not only by the dominant genes located
in genome D, but genomes A and/or B as well. In their studies of different
crossbreeding, R a j a r a m et al. (1991) identified the presence of two com-
plementary dominant genes in one parent, and one recessive gene in two other
parents. Other studies have indicated that tolerance to Al is simply an inherited
characteristic based on one dominant major gene (D e l h a i z e et al., 1993;
S o m e r s and G u s t a f s o n, 1995; S o m e r s et al., 1996; B a s u et al.,
1997). Recently, a connection has been revealed between the restriction frag-
ment length polymorphism (RFLP) marker on chromosome 4DL and a gene
for Al tolerance in the wheat cultivar BH 1146 originating from Brazil (R i e -
d e and A n d e r s o n, 1996). R a m a n et al. (2005) determined the genomic
structure of the Al tolerance gene (ALMT1) coding for Al-induced malate
transporter. The gene was mapped on chromosome 4DL and cosegregates with
Al tolerance. Tolerance to Al cosegregates with increased capacity for Al-in-
duced malate efflux. The authors believe that Al tolerance is connected in
most wheat genotypes with the function of this gene. C a i et al. (2008) disco-
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vered three quantitative trait alleles (QTAs) that are related to Al tolerance.
One of them cosegregates with the marker for ALMT1 gene promoter and is
situated on chromosome 4DL, while the other two are on chromosomes 3BL
and 2A. The two main quantitative trait loci (QTLs) on chromosomes 4DL
and 3BL have an additive effect and the SSR markers linked to them can be
used in marker-assisted selection aimed to increase wheat tolerance to Al.

Rye is one of the species with the highest tolerance to stress in the family
Triticeae (L i t t l e, 1988; A n i o l and M a d e j, 1996). Its genes for Al tole-
rance have been localized on chromosomes 3R, 4R, and 6RS (A n i o l and
G u s t a f s o n, 1984). G a l l e g o and B e n i t o (1997) studied gene segre-
gation for Al tolerance and the positions of several isoenzymes in a segre-
gating population and found that Al tolerance in rye was controlled by at least
two major dominant and independent loci. The genes coding for isoenzymes
Acol and Ndh2 relate to the segregating gene for tolerance to Al on chro-
mosome 6R. Comparing segregation in several rye populations, H e d e et al.
(2001) discovered that Al tolerance in rye was controlled by several dominant
alleles that have different effects on two or three independent loci.

Many triticale cultivars are characterized by high tolerance to Al, but not
as high as rye (H e d e et al., 2001). Evidently, some wheat genes block the
expression of Al tolerance genes from rye, while others enable the expression
of rye's tolerance to Al. A n i o l and G u s t a f s o n (1984) showed that
expression of the 6R tolerance to Al depends on which wheat chromosome has
been replaced. G u s t a f s o n and R o s s (1990) found suppressors of rye
tolerance to Al on chromosome arms 4AL, 5AL, 6AL, 7BS, 7BL, and 3DS.
Similarly, activators of rye tolerance to Al were present on arms 2AL, 5AS,
6BS, 1DS, 1DL, 2DL, 4DL, 5DS, 5DL, 6DL, 7DS, and 7DL.

Barley is the most sensitive of all small grains to the activity of Al. Ge-
netic analyses have shown that barley tolerance to acid soils was inherited by
one dominant gene (S t ø l e n and A n d e r s e n, 1978) and by multiple alle-
les (M i n e l l a and S o r r e l l s, 1992). S t o l e n and A n d e r s e n (1978)
found that tolerance to high soil acidity is regulated by one dominant gene,
marked as Pht, on chromosome 4. According to R e i d (1971), Al tolerance
of the barley cultivars Dayton and Smooth Awn 86 is regulated by one domi-
nant gene, marked as Alp. E c h a r t et al. (2006) reported that barley tole-
rance to Al depended on one gene and found the RFLP marker Xwg464 on
the long arm of chromosome 4H at 21.6 cM distance from the gene.

Examining sweet sorghum (Sorghum bicolor L.), J u r a n d i r et al.
(2007) identified a gene coding for Al-induced citrate transporter on the locus
AltSB, which is believed to be responsible for Al tolerance. It is one of the pro-
teins of the MATE gene family considered to increase Al tolerance by stimula-
ting secretion of citrates from the root.

In rice, 9 QTLs have been identified, including one responsible for root
length under non-stress conditions (CRL), three for root length under Al-indu-
ced stress (SRL) and five for relative root length (RRL) (N g u y e n et al.,
2003). Complementary genetic analysis has revealed that QTLs for RRL, map-
ped on chromosomes 1 and 9, are conserved among different rice populations.
Major QTL for RRL, which accounts for 24.9% of the phenotypic variability,
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has been found on chromosome 3 of rice that is conserved in all cereals. These
results are valuable to breeders, and further studies of these QTLs could make
a significant contribution to clarifying the mechanisms of adaptation of diffe-
rent cereals to acid soils.
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Rezime

Kisela zemqišta ograniåavaju biqnu proizvodwu na 30—40% ukupnih, kao
i do 70% potencijalno obradivih svetskih površina. Kisela reakcija ovih ze-
mqišta i nizak sadrÿaj najvaÿnijih biqnih hraniva, pre svega R i Sa su ogra-
niåavajuãi faktori postizawa visokih i stabilnih prinosa gajenih biqaka.
Pored kisele reakcije, ova zemqišta karakteriše veoma åesto i poveãan sadr-
ÿaj toksiånih oblika Al, Fe i Mn, kao i nedostatak ili smawena pristupaånost
P, Ca, Mg i nekih mikroelemenata, posebno Mo, Zn i V. Toksiånost Al se sma-
tra najvaÿnijim faktorom koji ograniåava rast biqaka na kiselim zemqišti-
ma. Mehanizmi adaptacije strnih ÿita na kisela zemqišta mogu se podeliti
na: spoqašwe, unutrašwe (fiziološke) i genetiåke. Dejstvo spoqašwih meha-
nizama tolerantnosti zasniva se na imobilizaciji Al u ãelijskom zidu, isti-
cawu Al kroz plazma membranu, uspostavqawu pH barijere u rizosferi i luåewu
organskih kiselina, fosfata, helata i drugih liganada korenom u spoqašwu
sredinu. Unutrašwi mehanizmi tolerantnosti zasnivaju se na kompleksirawu
Al sa proteinima, organskim kiselinama i enzimima, kao i helatizirawu u ci-
toplazmi. Strna ÿita ispoqavaju razliåitu tolerantnost prema kiselosti ze-
mqišta i poveãanom sadrÿaju Al u zemqišnom rastvoru. Najosetqiviji je je-
åam, zatim pšenica, dok veãu tolerantnost ispoqavaju ovas, tritikale i raÿ.
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PHYSICAL PROPERTIES OF THIN FILMS
ON IMPLANT-MATERIALS

ABSTRACT: In this paper, we present the analysis of thin films in implant materials.
Based on preliminary results, it can be concluded that thin polymer films between bone and
implant achieve biocompatibility. In addition, analysis will be conducted for other characte-
ristics, such as bioinertia, and biofunctionality.

KEY WORDS: Thin Films, Implant Materials, Bio-compatibility, Physical properties

INTRODUCTION

The development of civilization has followed the development of new
implantology ideas and new materials which have been used for that purpose
and a large number of discovered archaeological finds can testify to that, as
well as an immense number of written documents.

During the 1970', with the appearance of Br‹nemark and his implants, a
new era of implantology began. This period is characterized by the appearance
of new, as well as the modification of the old designs, and the occurrence of
new surgical techniques. The aim of modern implantology is to establish the
normal function of mastication, speech, aesthetic appearance, health and com-
fort, regardless of the type of dental system injury, where the implant will
have a central place in all of these rehabilitations. The base of this new philo-
sophy is osteo-integration and a range of prerequisite conditions, so it could be
fully realized. Osteo-integration or biointegrity of implants is founded on the
hypothesis that, after implantation, a process of remodulation of the bone and
osteo-genesis, the implant will integrate into the bone tissue and take over the
functional load of prosthetic substitute.
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By establishing this term, Bronemark is introducing new principles or
factors that can influence attaining this morphological and functional relation
between the bone and surface of the dental implant.

Adoption of these principles in everyday work includes implicitly expert-
ness in basic principles of the central injury, inflammation, bone cicatrisation,
successive addition and remodeling of the bone, as well as physical characteri-
stics of the implant and its surface. Implantation materials regardless of type
and nature of the implantation, in the first place should be biologically accep-
table.

Closer characteristics that implantation materials should have are:
— That it is compatible with tissues which it is being implanted with
— That it is not toxic to the tissue and human body
— That it does not cause immunological reactions
— That it is not potentially carcinogenic
— That it is resistant to the corrosive influence of the living environment
— That it has acceptable physical and mechanical properties
— That it can be manufactured in to acceptable geometrical shapes
— That it can be sterilized and
— That they must be good thermic and electric insulators
All the above-mentioned conditions are incorporated into the following

terms: biocompatible, bioinert, and biofunctional. These properties fill up the
ultra thin coating (ultra thin films or nanofilms) as it is expected that ultra thin
coatings represent a biophysical system with few free electrons and then the
mechanic oscillations of atoms must be smothered.

Biomaterials and biomechanical properties are of fundamental importance
for the success or failure of dental implants. Biomaterials are „biological sub-
stituents" from which „biological spare parts" can be produced. Biomaterials
must not act as an antigen but should successfully induce osteo genesis. Over
the past sixty years, research has been carried out on the biomaterials and bio-
mechanical design for surgical implants. The result of this research was the
discovery that a wide spectrum of materials can replace living tissues, and
among those dental implants take one of the more important places on a scale.

In proportion to biochemical electro-chemical interaction of vital tissue
and non-vital material, all biomaterials, according to Osborne (O s b o r n,
1985) or according to the level of biocompatibility, can be divided to:

— Biotolerant materials (Co, Cr, Mo-alloys, Fe, Cr, Ni-alloys, PMMA)
— Bioinert materials (titan CP, tantalum, bioceramics)
— Bioactive materials (hydroxapatite, Ca-phosphates)
Regarding their origin, biomaterials are divided into antalog, bimolog,

hetherolog and alluplastic.
In most cases, dental implants are classified by their division to metal and

non-metal. In essence, they are alluplastic materials.
The following come under classification of metals and alloys: titanium

CP (Ti), titanium-aluminum-vanadium (Ti-6A1-4V), cobalt-chromium-molyb-
denum (Co-Cr-Mo), tantalum (Ta), ferrous-chromium-nickel (Fe-Cr-Ni) 316L,
and non-metals are classified as: ceramics, hydroxapatite (Ha), carbon, poly-
mers (PMMA).
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METALS FOR IMPLANTS — TITANIUM

For it's electro-chemical properties, titanium is considared as the most
compatible metal, and is often used in modern stomatology, implantology and
prosthetics (F r a k e r, 1988; L e n z, 1998).

Martinoviã and his associates have researched the corrosion resistance of
titanium alloys, used for orthopedic implants, in body liquids. Spectrum-elec-
tro-chemical research on titanium alloys in vitro has confirmed the creation of
protective oxidation film on the alloy surface. Comparing the stability of tita-
nium in different corrosive baths with results on other alloys, the authors con-
clude that titan is the most stable. Although titan is corrosive stable, combined
with various metals it can create strong galvanic segments, therefore it is ne-
cessary to be cautious while combining titan with other alloys. Some authors
consider that precious metals (Au, Ag, Pd) combined with titanium make very
small galvanic currents. Combined with the Ni-Cr-Be alloys those currents are
more considerable so such combination should be avoided. There has also
been research on the influence of amino acids on the corrosiveness of titanium
alloys and it is concluded that the existence of tryptophan in the alloy does not
affect the corrosive stability of titanium, unlike cysteine, which increases it.

Titanium is a non-precious, extremely reactive material. For that reason,
after the titanium is processed, oxide (TiO2) is formed on its surface (S t a -
m e n k o v i ã, 2003). The thickness of the oxide layer is 15—50 mm. This
oxide is resistant to corrosion and is bioinert. Biocompatibility is affected by
the high dialectic constant of titanium oxide too. Consequently, biocompatibi-
lity derives from titan oxide, and not from the pure metal. Mechanical proper-
ties of titanium satisfy all criteria which metal should posses to be used in im-
plantology. It has extremely high tightening strength, which enables it to en-
dure great loads. In addition, it has the property of being forged that makes it
resistant to impact. Under a strong force, it plastically deforms but it does not
break. On the titanium surface, bone formation is implantopetal. That means
the bone is being formed from the bony-bed of implant towards the implant.
Firstly the connective tissue callus is formed, then osteoid tissue and on the
end lamellar bone. Electronic — microscopic researches show that there is a
zone (20—40 mm) in which there is noncalcified coat of base substance and
collagen filaments belonging to the zone. It means that there is no direct con-
tact between the implant and alveolar bone.

Coating titanium with plasma has the aim of increasing the titan and al-
veolar bone contact surface. It is obtained by putting particles of melted metal
by means of a plasma spout. The thickness of the plasma coat is 30—40 mm.
On the surface of implant, there are pores that are interlinked. By the process
of spouting plasma, the implant surface is increased by 5 to 10 times. That
way the contact surface of the implant and bone tissue is increased too. Pre-
sence of pores also stimulates formation of bone tissue and has positive effect
on implant integration.

The most recent research show that parts of metal in plasma tissue could
be discovered in pre-implant bone tissue. The appearance of such particles is
followed by signs of metalosis.To overcome this problem it is necessary to
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make an additional enlargement of the implant surface. That can be achieved
by sanding, acid erosion, special laser techniques and, in the more recent times,
by enlargement of titanium-oxide coat.

NONMETALS FOR IMPLANTS — CERAMIC MATERIALS

A number of ceramic materials are used in implantology and nowadays
mostly calcium-phosphate materials in form of hydroxapatite (H, A) and trical-
cium phosphate (T, C, P). These materials stimulate the direct apposition of
bone tissue on its surface. This means that the process of bone formation is a
combination of implantopetal and implantofugal methods of bone forming.

Electronic-microscopic researches show that in the area of these materials
there is a direct connection with bone tissue. There is no layer of connecting
tissue like in case of pure titan. Titan implants, which have their surface coa-
ted with calcium phosphate ceramics, should combine mechanical characteri-
stics of metal and osteo filling abilities of ceramics. Research results show that
implants with calcium phosphate show much greater apposition of bone. In cli-
nical practice calciumphosphate ceramic (CFK) materials are used, and coating
techniques differ too.

For applying CFK to a metal surface a plasma „spray" technique is
mostly used. Synthetic hydroxapatite is warmed up to 1200—1500°C. The
way this is done is with an electric arch in a presence of argon gas. This
technique is similar to that used for coating plasma over titan. HA particles of
40 mm are coated over the previously prepared metal surface. The metal sur-
face is uneven and porous, as it has been previously treated by sanding and
acid erosion. HA particles penetrate into the pores and uneven the surface of
metal; after cooling the mechanical relation of HA and metal surface is esta-
blished. Although the perfected technique of coating metal with CFK, research
has shown, the possibility that partial absorption of material can occur because
reabsorbed particles have been discovered in pre-implant tissue.

ULTRA THIN COATINGS

At this stage we shall propose the nanocoating model and analyze their
thermic and electric properties. The nanocoat model is shown in Fig. 1.
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The nano coat should prevent the
direct contact between implant and
bone for the above mentioned requests,
particularly in the sphere of chemical
— physical properties. It is known that
(T o š i ã, 1987) structures with mar-
kedly diminished dimension can have
considerably changed properties regar-
ding the relati on to spatially limited
structures (balk). That way we can see
that electronic nanofilms have a consi-
derably better thermical and electrical
insulation properties comparing to cor-
responding balk structures.

Theoretical analysis of an elec-
tronic system in very (extremely) limi-
ted and structures with disturbed trans-
lational symmetry has found the spec-
trum of electrons and inner energy (Š e -
t r a j å i ã, 1990; Š e t r a j å i ã, 2007).
Thermodynamic analysis is specified
by the electronic portion (share) in the
specific heat of ultra thin film coa-
tings. That is shown in Fig. 2. As we
can see, the thinner the coating, the
more expressive the insulating proper-
ties of the coating are, or specific heat
is lower.

Analog analysis has shown the
phonon portion in specific heat as in
Fig. 3, where we can see that the in-
sulating properties are even more pro-
nounced than in the electronic share.

Complete and complex analysis
of the transportation properties of na-
no-coatings from a physics point of
view can be acquired only if the sys-
tem of electrons and phonons, in ex-
tremely limited spatial and structures
with disturbed translational symmetry
are considered.

This means that the electronic and
phonon influences (T o š i ã, 2006) on the insulating properties must be added
up. Dependence of electro-phonon share in specific heat is shown in Fig 4.

Ultra thin coatings have all of the good insulating properties and can sa-
tisfy all of the required thermical and electric coating properties needed in im-
plantology.
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Fig. 3 — Phonon specific heat in nanofilms

Fig. 4 — Total specific heat in nanofilms



CONCLUSIONS

Here we have analyzed biomaterials and their biomechanical properties in
dental implantology with special retrospection to coatings — thin films that
must be ultra thin, or nanofilms. Considering their good insulating properties,
it is necessary to change drastically the technology of their coating. Only in
that way the characteristics of material used in implantology can be satisfac-
tory.
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Rezime

U ovom radu smo prezentovali analizu tankih filmova na implantnim ma-
terijalima. Na osnovu preliminarnih rezultata, moÿe se zakquåiti da tanki
polimerni filmovi izmeðu kosti i implanta zadovoqavaju bio-kompatibil-
nost. Ove analize su korisne i za druge karakteristike, kao što su bio-inerci-
ja i bio-funkcionalnost.
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A CONTRIBUTION TO THE DATA ON TENCH
(TINCA TINCA L., CYPRINIDAE, PISCES)

DISTRIBUTION IN SERBIA

ABSTRACT: The studies on the ichthyofauna of Serbia that have been conducted so
far indicate the sporadic tench (Tinca tinca L.) presence in typical habitats. The hydroenvi-
ronmental conditions necessary for the survival of this fish species are highly variable and,
generally, are more favourable in the northern part of the country (the Vojvodina Province).
Although the tench presence has been registered at over 30 sites, there is a tendency of a
decrease in population abundance. This is due to the reduction of the surface area of the
macrophyte-covered flood zones induced by the damming and regulation of rivers, high
water level fluctuations, and water amount reduction in the majority of watercourses, a mas-
sive increase in the number of allochthonous phytofagous species, reservoir sediment depo-
sition, water quality deterioration and other factors. The tench conservation status in Serbia
is officially designated as Low Risk — Least Concern. It may be transferred to a higher ca-
tegory if the tendency towards deterioration of survival conditions for the species should
continue.

KEY WORDS: distribution, endangerment, protection, Serbia, tench

INTRODUCTION

Anthropogenic activities have dramatically sped up the process of succes-
sion of species which is induced by the evolutionary changes in a number of
existing biocenoses. The aquatic environment and its hydrobionts, particularly
the fish, have been subjected to severe changes. Apart from the global effect
being primarily manifested through the deterioration of environmental survival
conditions, the ichthyofauna of certain regions has been substantially altered
by the introduction and translocation of certain species that are frequent causes
of disturbances in the established equilibria. The ichthyofauna of Serbia has
also experienced dramatic changes over the last decades.

The Republic of Serbia (its surface area being 88 361 km2) is situated in
the central part of the Balkan Peninsula. A part of the territory located north
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of the Danube (2783 km long, 588 km in Serbia) and the Sava (945 km, 206
km in Serbia) rivers, the Vojvodina Province (21 506 km2), is characterised by
lowlands and a wide range of slow-flowing and stagnant water bodies. The
highlands dominating Central Serbia (3/4 of the state territory) are distinguish-
ed by the wealth of torrential rivers, rivulets, springs, and upland reservoirs.
Larger rivers in this part of Serbia include the Zapadna Morava (308 km), the
Juÿna Morava (295 km), the Ibar (272 km) and the Drina (346 km, 220 km in
Serbia). A number of lakes (the most famous of them being Paliã and Ludoš)
and 85 reservoirs, the Ðerdap-dam I (surface area 253 km2) being the largest,
contribute to the wealth of water in Serbia. Most river courses in Serbia flow
directly or indirectly (from more than 97% of the territory) into the Danube
(the Black Sea Basin), the waters from less than 3% of the state territory
flowing into the Aegean and Adriatic Seas (A n o n y m o u s 2003).

The overall deterioration tendency of the water quality of most water
courses in Serbia has been observed in Serbia over recent decades, as reflected
by eutrophication and chemical, radioactive and other types of pollution (O s t o -
j i ã et al., 2005; B o g d a n o v i ã, 2006; M a r k o v i ã and L e n h a r d t,
2007).

The high variability of environmental conditions has induced high diver-
sity of icthyofauna, including a permanent or occasional presence of 94 spe-
cies from 26 families and a pronounced predominance of the representatives of
the Cyprinidae family (50 species) (S i m o n o v i ã and N i k o l i ã, 1997;
K a r a d ÿ i ã and M i j o v i ã, 2007). The diversity of the ichthyofauna has
been increased by a large number of non-native species — a total of 22 from
10 families (L e n h a r d t et al., 2006; S i m o n o v i ã, 2006). The introduc-
tion of these species into the water courses of Serbia started in the 1930s and
it was intensified in the second half of the 20th century (H o l å i k, 1991),
exhibiting a tendency of the continuous expansion (M a l e t i n et al., 1997;
C a k i ã et al., 2004; S i m o n o v i ã et al., 2006).

The tench (Tinca tinca L.) is a cyprinid species of Euro-Siberian origin
widely distributed in the watercourses throughout Europe, including the Bal-
kan Peninsula (W h e e l e r, 1978; S i m o n o v i ã, 2006). Although globally
studied, the tench has not been fully explored in Serbia. Although the first re-
cord of the species in the ichthyofauna of Serbia was made in the 1860s
( P a n å i ã, 1860), later publications, mostly handbooks, provide only general
information on the morphology, ecology and breeding of this species (V u k o -
v i ã and I v a n o v i ã, 1971; B o j å i ã et al., 1982; H r i s t i ã and B u n j e -
v a c, 1991; Ã i r k o v i ã et al., 2002). More intensified research on the
ichthyofauna of Serbia's watercourses conducted in 1990s revealed the pre-
sence of tench in the Danube and tributary rivers (H e g e d i š et al., 1992;
J a n k o v i ã et al., 1994; M a r k o v i ã and S i m o v i ã, 1994; M a l e t i n
et al., 1996). The results of the above analyses suggest a low percentage of the
species (generally accounting for less than 1% of the individual abundance and
biomass of local ichthyofauna).
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MATERIALS AND METHODS

The little information available on the ecology of the species has moti-
vated the authors to engage in this study. Some data on tench distribution have
been provided by the Fishery Improvement Programmes for certain regions in
Serbia. The study has been particularly focused on registering tench habitats
larger than 0.1 km2 in still and slow-flowing waters. These biotopes are typical
for this species (W r i g h t and G i l e s, 1991; G o n z a l e s et al., 2000).
The study is a short review of both the current state of tench populations in
certain regions of Serbia and the degree of habitat endangerment.

RESULTS AND DISCUSSION

Tench in Serbian open waters

The presence of tench has been registered at more than 30 sites through-
out Serbia (Fig. 1, Tab. 1), the majority of them being in the Vojvodina Pro-
vince (1—21), a part of the Pannonian Basin located in Serbia. The dense
hydrographic network of this part of the country includes various types of
water bodies (rivers, rivulets, flood zones, pools and bogs, canals, lakes and
reservoirs).

Tab. 1 — Main characteristics of tench (Tinca tinca) habitats in Serbia

Item Ecosystem Area Biotope Main purpose of use

(1) Paliã Lake 5.6 km2 natural recreation, tourism
(2) Ludoš Lake 3.6 km2 natural irrigation, protected area

(3) Åik Canal 95 km long artificial irrigation,
part of DTD Canal

(4)(5) Vrbas—Bezdan Canal 90 km long artificial irrigation,
part of DTD Canal

(6) Odÿaci—Sombor Canal 13 km long artificial irrigation,
part of DTD Canal

(7)(8) Kosanåiã—Mali Stapar Canal 21 km long artificial irrigation,
part of DTD Canal

(9) Baåki Petrovac—Karavukovo
Canal 52 km long artificial irrigation,

part of DTD Canal

(10)(11) Banatska Palanka—Novi Beåej
Canal 147 km artificial irrigation,

part of DTD Canal

(12) Kikinda Canal 50 km artificial irrigation,
part of DTD Canal

(13) Jegriåka River—Canal 65 km semi-natural irrigation, angling
(14) Zobnatica Reservoir 2.5 km2 artificial Irrigation, recreation
(15) Mt. Fruška Gora Reservoirs � 1.2 km2 artificial irrigation, recreation

(16) Borkovac Reservoir 0.7 km2 artificial irrigation,
recreational fishing

(17) Bela Crkva Lakes 1 km2 artificial recreation, angling
(18) Carska Bara Bog 11 km2 natural special nature reservation
(19) Kovilj — Petrovaradin Marshes 5.5 km2 natural special nature reservation
(20) Obedska Bara Bog 7 km2 natural special nature reservation
(21) Panåevaåki Rit Swamp 400 km2 natural irrigation
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(22) Zasavica Bog 11.5 km2 natural special nature reservation
(23) Sava Lake 0.8 km2 artificial water supply, recreation
(24) Silver Lake 4 km2 artificial recreation, angling
(25) Ðerdap-dam I Reservoir 253 km2 artificial hydroelectric production
(26) Ðerdap-dam II Reservoir 92 km2 artificial hydroelectric production
(27) Peruãac Reservoir 12.4 km2 artificial hydroelectric production
(28) Meðuvršje Resevoir 1.5 km2 artificial hydroelectric production
(29) Ãelije Reservoir 3.4 km2 artificial water supply
(30) Batlava Reservoir 3.3 km2 artificial water supply
(31) Brestovac Reservoir 0.8 km2 artificial water supply
(32) Krupac Lake 0.4 km2 natural water supply
(33) Vlasina Reservoir 16 km2 semi-natural hydroelectric production

Record of the presence of tench in the northernmost parts of Serbia was
made in Paliã (1) and Ludoš lakes (2) of Aeolian origin. The lakes are located
between the Danube and Tisa rivers next to the state border with Hungary
(Fig. 1). Lake Paliã is an important tourist destination in this part of Europe.
The depth of 3—4 m, mean water t° of about 10°C, the muddy bottom, and
the dense macrophyte vegetation cover make the above ecosystem a favourable
habitat for this species. Until the 1960s, the ichthyofauna of the lake was cha-
racterised by markedly excessive production of carp (Cyprinus carpio) — ma-
king up 98% of the total ichthyofauna biomass. However, the lake experienced
environmental catastrophe towards the end of the1960s. Drastic deterioration
of the lake water quality induced by permanent waste water discharges from
the city of Subotica (8 km away) and other populated areas as well as from
agricultural sources led to large-scale death of fish (the essential reason being
high silt concentrations of H2S) in 1971 (M a l e t i n et al., 1998a). Over the
period 1971—1976, lake restoration (emptying of the lake, silt removal and re-
filling) and stocking were performed. This resulted in the establishment of a
dynamic equilibrium. Apart from the Asian herbivore, primarily the grass carp
(Ctenophayngodon idella), in the period 1976—1982, the tench was also intro-
duced at the rate of 60—100 kg/year. This induced a moderate increase in the
species abundance followed by a decrease in its number as early as in the
1990s due to the deterioration of ambient conditions (Ð u k i ã et al., 1991).
Currently, the lake ecosystem is characterised by low numbers of the tench
(accounting for about 1% of the total fish catch). Lake Ludoš is located in an
urban area 12 km away from the town of Subotica. It is supplied with water
through the Ludoš-Lake canal that receives purified water from Lake Paliã and
the Kereš Brook. It is surrounded by farms that use its water for irrigation.
This shallow lake (with an average depth of 1m) and its surroundings marked
by diverse habitats — a swamp, a meadow and a steppe (the total area of 5.93
km2), were included in the Ramsar List of Wetlands of International Impor-
tance in 1977 (R a m s a r S i t e s D a t a b a s e, 2008). Notwithstanding pro-
tection measures, the intensified eutrophication of the ecosystem (B o g d a -
n o v i ã, 2006) and a decrease in the number of fish, primarily of the C. car-
pio and the tench, have been observed in recent years.

Most tench records (3—13) have been made in the Danube-Tisa-Danube
(DTD) Hydrosystem canal network. It is a unique system of canals and dams
intended for the irrigation and quality improvement of arable areas, the impro-
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Fig. 1 — Current distribution of tench (Tinca tinca) in Serbia

1) Paliã Lake, 2) Ludoš Lake, 3) Svetiãevo, 4) Šebeš Fok 5) Crvenka, 6) Odÿaci, 7) Ruski Krstur,
8) Krušåiã, 9) Karavukovo, 10) Novi Beåej, 11) Melenci, 12) Novo Miloševo, 13) Temerin, 14)
Zobnatica Reservoir, 15) Fruška Gora Reservoirs, 16) Borkovac Reservoir, 17) Bela Crkva Lakes,
18) Carska Bara Bog, 19) Kovilj—Petrovaradin Marshes, 20) Obedska Bara Bog, 21) Panåevaåki
Rit Swamp, 22) Zasavica Bog, 23) Sava Lake, 24) Silver Lake, 25) Ðerdap-dam I Reservoir, 26)
Ðerdap-dam II Reservoir, 27) Peruãac Reservoir, 28) Meðuvršje Reservoir, 29) Ãelije Reservoir,

30) Batlava Reservoir, 31) Brestovac Reservoir, 32) Krupac Lake, 33) Vlasina Reservoir



vement of water supply, the evacuation of waste waters and the development
of fisheries (S t a n k o v i ã, 2000). The main canal is 248 km long, the whole
system encompassing 700 km of secondary canals and about 10 000 km of ac-
cessory channels. The total surface area of the soil covered by the Hydro-
system is 12 700 km2. The DTD system construction in the 1947—1997 pe-
riod resulted in a drastic reduction of the flood zones. Despite the drainage of
large wetland areas, ambient conditions have been preserved in certain parts of
the canal network enabling tench survival.

The profiles (3), (5), (6), (9), (10), (11) and (12) showed variations in the
individual (0.23—4.2%) and biomass (0.05%—2.5%) presence of the tench
in the total ichthyofauna catch (M a l e t i n et al., 2005; M a l e t i n et al.,
2006). Higher abundance of the tench has been registered in the Bezdan pro-
file near Šebeš Fok (4) — 7% of individual fish and 13% of the biomass, in
the Ruski Krstur (7) — 15% and 20% and in the Krušåiã profile (8) — 18%
and 24%, respectively (M a l e t i n et al., 2007). The high tench abundance at
these sites is due to a low degree of devastation of habitats and rich macro-
phyte vegetation providing the species with favourable survival conditions.
The profiles (7) and (8) are located in the Kosanåiã — Mali Stapar Canal eco-
system where the first record of female largemouth bass (Micropterus salmo-
ides) in the watercourses of Serbia has been made (M a l e t i n et al., 1997).
The massive increase in largemouth bass has not affected the total tench popu-
lation. However, the introduction of grass carp (Ctenopharyngodon idella)
aimed at preventing the expansion of macrophyte vegetation (M a l e t i n et
al., 2007a) can cause disturbance of the overall environmental conditions in
the above habitats and tench endangerment.

As regards the ichthyofauna of the Temerin profile (13) of the Jegriåka
River (Canal), the individual and biomass presence of the tench was 2.69%
and 1.01%, respectively. The Jegriåka is the longest artificial watercourse in
Vojvodina turned by hydromelioration into a canal and linked within the DTD
Hydrosystem. The last 15 km of the watercourse have been converted into a
fish pond, stocked with quality fish fry and protected as a Nature Park. This
habitat meets the requirements essential for the massive increase in the pre-
sence of limnophilous fish species such as tench (Š i p o š et al., 2007).

Individual tench records have been made in a number of reservoirs in
Vojvodina including Zobnatica on the Krivaja River (14) and those on the
southern slopes of Mt. Fruška Gora (15) — Moharaå (67 ha), Šot (33 ha) and
Bruja (15 ha). Frequent recreational fishing destinations in Vojvodina also
include the Borkovac Reservoir (16) made by the damming of the Borkovac
Brook in 1971. Continuous stocking in the 1980s led to increases in the carp
and tench populations (record was made of individual fish mass exceeding 1.2
kg). Recreational fishermen are also attracted to the reservoirs located within
and surrounding Bela Crkva, a town near the Romanian border (17). The
above lakes (7 in all) were formed by being filled with ground water follow-
ing gravel exploitation. Potential reasons for the decrease in tench numbers in
the microreservoirs include excessive catch and C. idella introduction.

The reduction in the tench distribution area in Vojvodina resulted prima-
rily from river regulations and wetland drainage. Hence the high importance of
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the sites (18), (19) and (20) that are considered as refuge for this and other en-
dangered species.

Carska Bara (18) is one of the largest Serbian bogs, located 17 km
southwest of the town of Zrenjanin at the confluence of the Begej River into
the Tisa. Its superb biodiversity (particularly of the ornithofauna composed of
240 registered species) was the reason for the inclusion of the region, the sur-
face area thereof being 17.67 km2, in the Ramsar List (R a m s a r S i t e s
D a t a b a s e, 2008) in 1996. Notwithstanding the overall favourable environ-
mental conditions, individual tench presence in the fish fund has been extre-
mely low (0.37—0.74% of the total ichthyofauna comprising 24 species) (K o -
s t i ã and M a l e t i n, 1992). Recent studies do not report any increases in the
total population of the species. Possible reasons include considerable fluctua-
tions in the water level induced by low precipitation and global warming as
well as the massive presence of the bird colonies of herons (Ardea sp.) and
cormorants (Phalacrocorax sp.), major fish predators.

A low individual tench presence is also characteristic of Kovilj-Petrovara-
din Marshes (19), complex wetlands and forests, located in the inundation area
of the middle course of the Danube River, near the City of Novi Sad. The re-
gion (its surface area being 48.4 km2) has been proclaimed Special Nature Re-
serve by the Decree of the Government of the Republic of Serbia (The Official
Gazette of the Republic of Serbia, 27/98) due to the biota diversity enhanced
by the 46 fish species making up the ichthyofauna of the region. Intensive
traffic on the Novi Sad — Belgrade highway passing through the above region
is a major factor endangering the autochthonous habitat.

The flood zone of the Sava River, 40 km west of Belgrade, is the site of
the Obedska Bara (20), a large swampy forest area stretching along the Sava
River (a truncated meander of the Sava). Initial protection measures for this
region were taken as early as in 1874. This authentic complex of diverse
aquatic and terrestrial biocenoses (the surface area being 175 km2) was inclu-
ded in the Ramsar List (in 1977). Irrespective of the protection measures, con-
stant expansion of surrounding agricultural areas and water level fluctuations
have caused a drastic reduction in the abundance of tench which accounted for
7% of the total catch of ichthyofauna in the 1980s (B u d a k o v et al., 1983).

The high environmental adaptability of tench to deteriorated hydrochemi-
cal survival conditions has been confirmed by the fish presence recorded in the
Panåevaåki Rit Swamp (21). Its large wetlands (having a surface area of 399.9
km2) located on the right bank of the Danube in a broader area of the city of
Belgrade had been incessantly flooded until World War II. Thereafter, they
were partially drained and converted for the most part into fertile land being
currently managed by the PKB, the largest Serbian agricultural company. Crude
wastewaters were being discharged into the swap by the company, resulting in
the pollution of the ecosystem and, hence, the extinction of many living orga-
nisms. Tench presence was recorded in a number of bogs, the major ones in-
cluding Veliko Blato (2 km2) and Reva Bog (0.4 km2). The latter is greatly af-
fected by industrial waste waters from Krnjaåa settlement. The ichthyological
research of the ecosystem conducted in July 1991 revealed the presence of 7
fish species, including the tench, despite the concentration of dissolved oxygen
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being as low as 0.77 mgdm—3 (M a s l i ã et al., 1992). This finding is a con-
firmation of tench tolerance to unfavourable oxygen conditions (A l a b a s t e r
and L l o y d, 1980).

Central Serbia is characterised by few tench habitats registered (22—33).
The hydrographic network of this part of the country is more diverse, the sur-
vival conditions being variable and generally more unfavourable. Zasavica Bog
(22) is the most important tench habitat in Serbia distinguished for its preser-
ved ambient conditions. Located in the north-western part of Serbia (Maåva
region) in the flood plain of the Sava River, it is among major wildlife refuges
in this part of the Balkans. The entire region (its surface area being 19.13 km2)
includes a number of bogs interconnected with canals and marsh systems with
fragments of flooded meadows and forests. Zasavica Bog is protected as a
Special Nature Reserve and has been included in the Ramsar List due to the
high biodiversity of the entire region. The broader public became familiar with
this portion of preserved nature in 2004 when the European beaver (Castor fi-
ber) was reintroduced into the ecosystem after more than 100 years of its dis-
appearance. The fish assembly composed of 23 species is particularly ren-
owned for the presence of the mudminnow (Umbra krameri), a fish species
classified, globally, as vulnerable (VU) (IUCN 2006) and, at national level, as
critically endangered (CR) (S i m i ã et al., 2007). The individual tench pro-
portion in the total fish fund at certain sites ranges from 3.93—25.0%, the
tench biomass percentage being 6.91—17.30% (M a l e t i n et al., 2001). De-
spite the strict protection regime employed, the protected ecosystems have
been endangered in the last years by the expansion of agricultural activities in
the surrounding region.

The majority of other sites where the tench has been registered are cha-
racterised by negligible tench population (generally < 1% of the individual
number and biomass of local ichthyofaunas). This tendency has been also re-
corded in popular tourist destinations in Serbia — the Sava Lake (23) on the
Sava River (the area of Belgrade) and Silver Lake or Srebrno Jezero (24)
along the Danube banks (near Veliko Gradište).

A low presence of tench has also been found in major Serbian hydro-
electric reservoirs, the Ðerdap — Dam I (25) and Ðerdap Dam II (26) on the
Danube River. The construction of Ðerdap I dam in 1970 at the 943rd km of
the river course and of Ðerdap II dam in 1984 at the 863rd km, the elevation
of the Danube water level by 20 m and accompanying consequences had an
enormous effect on the qualitative and quantitative structure of the ichthyofau-
na comprising 53 species of 13 families (D i m o v i ã and H e g e d i š, 2002).
The constructed dam is a barrier to the anadromous migrations of five acipen-
serid (fam. Acipenseridae) and two herring (fam. Clupeidae) species. Conver-
sely, there has been an increase in the numbers of bream (Abramis brama),
Asian herbivore — C. idella, silver carp (Hypophthalmichthys molitrix) and
bighead carp (Arystichthys nobilis) (L e n h a r d t et al., 2004). The registered
decrease in the abundance of commercially important species, such as the C.
carpio and the tench, has been primarily induced by the depth increase leading
to a drastic reduction in the surface area of the littoral zone. Moreover, the
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massive increase of C. idella population could contribute to the reduction in
the spawning areas for phytophile fish (J a n k o v i ã, 1998).

For recreational fishing purposes, the tench has been introduced into a
number of reservoirs, including Peruãica on the Drina (27), Meðuvršje on the
Zapadna Morava (28), Ãelije on the Rasina (29), Batlava on the Batlava (30),
Brestovac (31) on the Pusta Reka River, among others. The total tench popula-
tion in the stated ecosystems is negligible. In terms of a potential massive in-
crease in tench population, of particular interest are the eutrophic reservoirs
Meðuvršje and Ãelije (located in the Zapadna Morava River Basin).

The Meðuvršje reservoir is situated in the Ovåar Kablar Gorge area being
protected as an Area of Superb Natural Quality (The Official Gazette of the
Republic of Serbia, 5/2000). The reservoir is one of the oldest Serbian reser-
voirs formed in 1953 by the construction of a 31 m high dam. This resulted in
the formation of a 9.3 km long lake, its maximum width being 272 m and
maximum depth 12 m, the total volume amounting to 15.4 x 106 m3. As much
as 70% of the initial volume has been deposited with river sediments over
time (L e n h a r d t et al., 2009). The shallowing of the reservoir and the nu-
trient inflow have favoured the development of plankton communities and the
abundance of macrophytic vegetation. The fish fauna is composed of 20 spe-
cies of 7 families, the bleak (Alburnus alburnus) being the predominating one
(M a r k o v i ã et al., 2007). The tench was first introduced into this ecosystem
through fish stocking in 1956. Although the stockings continued (the last one
being conducted in 1999 by the introduction of 100 kg of fry), the species po-
pulation did not increase abundantly — the catches made in the period 2002—
2006 showed that its percentage was as low as 0.27% and 0.41% of the indi-
vidual and biomass level, respectively. It was induced not only by excessive
catch, practiced even in the period of spawning, but also by permanent sedi-
ment deposition at spawning spots. Additionally, high variations in the water
level caused by the Meðuvršje hydroelectric power works led to the destruc-
tion of the roes of tench and other phytophylous species. The latest Fishery
Improvement Programme for the period 2007—2011 envisages, apart from the
regulation of HE power station activities, full prohibition of recreational fish-
ing of tench over a 5-year period and the stocking of waters with fish fry (a
total of 729 kg). The above measures, coupled with strict catch control mea-
sures, should contribute to a massive increase in the species population.

The Ãelije Reservoir, its volume being 41x106m3, was formed in 1979. It
is specifically used for the supply of the town of Kruševac and surrounding
populated areas with potable water. The lake banks have numerous bays sui-
table for the development of macrophyte vegetation. The fish assembly inclu-
des 17 species of 4 families, the bleak, and the goldfish (Carassius gibelio)
predominating (S i m o v i ã and M a r k o v i ã, 1997). Occasional tench pre-
sence has been registered (there was no record of its presence in the catch of
recreational fishermen in some years). This is likely due to the massive in-
crease in the population of pike-perch (Sander lucioperca), being introduced in
the last decade. The reservoir has been stocked with different fish species, in-
cluding the tench, on several occasions. However, the common stand in recent
years has been that the tench, as a bentophagous species, should not be intro-
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duced into the reservoirs used for the water supply of inhabitants. The living
activities of the species being performed at the biotope bottom can lead to the
mobilisation of heavy metals and other pollutants from the sediments into the
water. Considering the tench abundance in this type of reservoirs in Serbia,
this is quite unlikely to happen. As opposed to this, some researchers suggest
that the tench introduction into eutrophic ecosystems can contribute to water
quality improvement, given the fact that the mineralisation process is accelera-
ted and that the transition of some nutrients from sediments is prevented by
the tench trophic activities (M i c h a e l s, 1988). This fact, apart from the pro-
motion of angling diversity, is the reason for the tench introduction into some
carp ponds and reservoirs in Turkey (I n n a l and E r k ' a k a n, 2006).

There are just a few autochthonous habitats in eastern and southern parts
of Serbia. The tench is abundant in the Nišava River (southern Serbia), up-
stream of the city of Niš, particularly in the part of the river course passing
through the Siãevac Gorge. Although the Nišava ecosystem is not a typical ha-
bitat of the species (a relatively rapid flow and stony-gravelly bottom), shal-
lower and slower flowing parts of the river are inhabited by tench. Lake Kru-
pac (32), a small natural lake characterised by high tench abundance, is loca-
ted in this region. Being 1.5 km long, max. 200 m wide, having a silty bottom
and abounding in aquatic plants, the lake is characterised by numerous popula-
tions of tench (> 10% of the individual ichthyofauna number), rudd (Scardi-
nius erythrophtalmus), roach (Rutilus rutilus), and, frequently, pike (Esox lu-
cius). The Lake catchment, used for the water supply of the town of Pirot,
coupled with the low amount of precipitations in recent years, have induced
both a drastic decrease in the water level and shallowing.

The Vlasina reservoir (33) is a tench habitat located at the highest altitude
in Serbia (1213 m a.s.l.) (Fig. 2). By the construction of the Vlasina dam in
1949, the peat bog was converted into a 9 km long reservoir, of 3.5 km
maximum width and 22 m depth, the total volume being 168 x 106 m3. The
specific character of this ecosystem has been created by floating islands (the
largest one having the area of 8 ha) being moved around with the wind. The
aquatoria of the reservoir and the surrounding ground (the surface area of
32.09 km2) were included in the Ramsar List in 2007. The ichthyofauna of the
reservoir includes 16 species of 5 families. Excluding the autochthonous spe-
cies, the brown trout (Salmo trutta m. fario) and the Balkan barbel (Barbus
peloponnesius), other species have been translocated from other waters of the
Balkans. Apart from the perch (Perca fluviatilis) and C. gibelio, the tench is
an abundant member of the ichthyofauna assemblage. A single sampling show-
ed that the tench accounted for 22% of individual and 12% of the biomass
percentage in the total ichthyofauna (M a l e t i n et al., 1998b). The tench is a
stable member of the fish community into which it had been introduced
through stockings conducted in 1968, 1971 and 1991 (S t a n k o v i ã, 2000).
Notwithstanding the protection measures and the organised fish guarding net-
work employed, the ecosystems of the protected area in the last years have
been endangered by the expansion of tourism and accompanying adverse acti-
vities (urbanisation, traffic, emission of different types of wastes).
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Tench in Serbian aquaculture

Up until the 1960s, the tench was the second most widespread of the
cyprinid fish species in Serbia, right after the carp. The highest and long-las-
ting production was practised in fish ponds Eåka, Novi Kneÿevac and Srpski
Miletiã. For example, in the period 1977—1981, tench proportion in the total
amount of sold fish in the then Yugoslavia ranged from 0.25—0.60% (B o j -
å i ã et al., 1982). The cyprinid fish species market in Serbia exhibits seasonal
variations — the highest consumption being recorded during Saint Nicholas
festive and fasting days (favouring fish of 2.5 kg or more).

The intensification of production led to changes in the fish pond prepara-
tion technique, which is followed by soil cultivation. Furthermore, the increa-
sed fish population density induced a decline in tench production. The drop in
tench production resulted from the introduction of competitive herbivorous fish
species, their feeding habits disrupting the tench environment. The common
tench population of 5—10%, as compared to carp, was replaced by the sub-
stantial growth rate of Asian herbivores in polycultures. The indigested food
excreted by carp as feces was previously used by tench and then by new con-
sumers, the newly introduced Asian fish complex. Macrophyte vegetation, ne-
cessary for tench spawning, became food for herbivorous species.
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CONCLUSION

The tench (T. tinca) is an insufficiently studied species of the Serbian
ichthyofauna, irrespective of the global concerns and implemented introduct-
ions throughout the world. The hydroenvironmental conditions in a great num-
ber of aquatic biotopes enable the survival of the species. However, the tench
population is generally a small one. The basic reasons include changes in am-
bient conditions and decreases in wetland surface area. The river course dam-
ming and flood zone reduction have contributed to the disappearance of the
species from several natural habitats. Translocations, primarily into reservoirs,
have not generally resulted in successful acclimatisation and massive abun-
dance of the species, due to a number of abiotic and biotic factors including
the competitiveness with the representatives of autochthonous ichthyofauna.
The introduction of Asian herbivores to reduce the expansion of the macro-
phyte vegetation might have induced deterioration of spawning and feeding
conditions for the phytophilous species concerned.

This study was not aimed at registering all tench-inhabited sites in Serbia,
the reason being a great number of microhabitats of this cyprinid. They in-
clude, in Vojvodina, parts of the DTD Hydrosystem canal network, numerous
microreservoirs, as well as dead waters (or „mrtvaja" as called in Serbia) in
the catchment area of the Tisa, Begej, Tamiš and Karaš rivers. Furthermore,
the study has not covered reservoirs in Central Serbia where the tench has
been introduced for recreational fishing purposes as there have been no valid
data on its successful acclimatisation. Additionally, the study has not registe-
red several other sport angling fishponds formed in the last years where, apart
from the carp and Asian herbivores, the tench has also been introduced. It has
been also impossible to register numerous pools formed after gravel exploi-
tation in the valleys of the Drina, Sava, Juÿna and Velika Morava rivers,
where tench has been reported.

The conservation status of the species both in Serbia and globally is clas-
sified in the category of LR/lc (Lower Risk/least concern) (IUCN 2006). Des-
pite the relatively wide distribution of the species in Serbia, the risk degree
estimate related to the species necessitates a more detailed assessment of all
relevant indicators of survival conditions (habitat alteration, population growth,
exploitation rate, pollution etc.). The conservation status can be transferred
into a higher category unless thorough protection measures be taken on na-
tional level.

Considering the above, the Ministry of Science of the Republic of Serbia
has approved a project entitled „Reintroduction and Repopulation of Tench
(Tinca tinca) into Fishpond Systems and Open Waters" to be implemented by
experts from several university institutions in Serbia. The project envisages the
introduction of high-quality spawners from a fishpond of a country with highly
developed tench production. The individual fish shall be bred in the Mošorin
fishpond near Novi Sad for artificial spawning purposes. The fish fry obtained
shall be introduced into other fishponds and open waters. The above measures,
along with more rigid protection of current habitats, should enable the reco-
very and increase in the tench population in Serbia.
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Rezime

Ispitivawa ihtiofaune Srbije koja su do sada izvršena ukazuju na spora-
diåno prisustvo liwaka (Tinca tinca L.) u tipiånim staništima. Hidroekolo-
ški uslovi nephodni za opstanak ove ribqe vrste veoma su promenqivi i, ge-
neralno, povoqniji u severnim krajevima zemqe (Vojvodina). Iako je prisustvo
liwaka registrovano na više od 30 lokacija, postoji tendencija smawivawa
populacione brojnosti. Razlog za to su smawewe površine plavnih zona obra-
slih makrofitskom vegetacijom nastalo usled pregraðivawa i regulisawa reå-
nih tokova, velika varirawa vodostaja i smawewe koliåine vode u veãini vodo-
tokova, omasovqewe alohtonih fitofagnih vrsta, taloÿewe nanosa u akumula-
cijama, pogoršawe kvaliteta vode i drugi åinioci. Stepen ugroÿenosti liwa-
ka u Srbiji zvaniåno je oznaåen kao status Niskog rizika — Najmawa ugroÿe-
nost. Ovaj status moÿe preãi u višu kategoriju ukoliko se nastavi tendencija
pogoršawa uslova opstanka vrste.

142



Zbornik Matice srpske za prirodne nauke / Proc. Nat. Sci, Matica Srpska Novi Sad,
¥ 118, 143—149, 2010

UDC 593.294.1:712(497.113 Novi Sad)
DOI: 10.2298/ZMSPN1018143T

M a r k o J. T u c a k o v

Institute of Nature Conservation of Serbia, Radniåka 20a, 21000 Novi Sad, Serbia

SPECIES COMPOSITION AND NUMBER OF BREEDING
BIRDS IN URBAN PARKS IN NOVI SAD

ABSTRACT: Numbers of breeding pairs of breeding birds and breeding density are
established by territory mapping in Limanski (12.9 ha), Futoški (8.26 ha), and Dunavski
(3.9 ha) Parks in Novi Sad from early March to late June 2007. In Limanski Park 11 speci-
es of breeders were found, the most numerous being tree sparrow (Passer montanus). Futo-
ški Park had 15 breeders and the most numerous were great tit (Parus major). The smallest
number of species (9) bred in Dunavski Park, with great tit as the most common breeder.
The greatest density of breeding pairs was recorded in the largest park (37.7 pairs/ km2).
Hole-breeders dominated in Futoški and Dunavski Park, but their number was the same as
the number of canopy-breeders in Limanski Park. Measured with Sorensen index of simila-
rity, the greatest similarity was found between breeding avifauna of Futoški and Dunavski
Park (72), then between Futoški and Limanski (61), while the smallest similarity was found
if we compare breeding avifauna of Dunavski and Limanski Park. Compared with breeding
avifauna in other parks in Central Europe, breeding avifauna of Novi Sad parks is relatively
poor.

KEYWORDS: breeding birds, Novi Sad, parks

INTRODUCTION

Natural plant communities in cities are typically highly modified by urba-
nization. Much vegetation is eradicated and replaced by construction areas
leaving less growing space for plants, while the composition and structure of
remaining vegetation is also altered. One of the most prominent plant commu-
nities in cities are „planted communities" characterized by active human ef-
forts to plant trees, scrubs and other vegetation. Some native species during
the forming of these communities can be retained, but they mainly consist of
new plantings, many of which are non-native species. Urban development de-
stroys habitat for many species, modifies habitat for others and creates new
habitat for some species (A d a m s et al., 2005).

Despite the efforts to study birds in European cities (K e l c e y and
R h e i n w a l d, 2005), breeding birds in urban parks in cities of Serbia are
very rarely studied up to now. The only exceptions are published list of bree-
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ders of Belgrade parks and other green areas (V a s i ã & S t e v a n o v i ã,
1972) and list of breeding birds of Futoški Park (N e m e t h, 1989) and Paliã
Park (H u l l o, 1998—1999), but without any quantitative data.

The aim of this paper was to present the composition of breeding bird
fauna of parks in Novi Sad, their numbers, and to compare these parameters
with the breeding birds in parks in other European cities.

MATERIAL AND METHODS

Research was done in Novi Sad, the second largest city of Serbia. In the
most recent official census from 2002, the city had an urban population of
216.583 http://en.wikipedia.org. The city is located on the border of the Baåka
and Srem regions, on the banks of the Danube river and Danube-Tisa-Danube
Canal, and it faces the northern slopes of Fruška Gora mountain. It is founded
in 1694. The urban area is 129.4 km2 and the urban population density is
1673.7 inhabitants/km2. It is bounded by extensive agricultural areas to the
north and east, the Danube on the west and south.

Three urban parks were taken in consideration: Limanski, Futoški, and
Dunavski (Table 1). These are the only urban parks in Novi Sad maintained
and used by people on the regular basis. Human activities include grass mo-
wing, flower planting, three and bush cutting and maintenance, recreation, walk-
ing with dogs, maintenance of paths, benches, and children playing grounds.
All parks are situated within the urban matrix, surrounded by high buildings,
houses, and streets. The total surface of tree parks makes 1.93% of the urban
area of Novi Sad.

Tab. 1 — Characteristics of urban parks in Novi Sad

Park Origin Dominant threes Dominant bushes Data source

Limanski
(12.9 ha)

1950—
1960

Populus x euramericana, P.
alba, P. canescens, Salix alba,
S. babylonica, Pinus nigra

Forsythia suspensa www.zelenilo.co.yu,
own data

Futoški
(8.26 ha)

1900—
1910

Corylus colurna, P. nigra,P.
silvestris, Sophora japonica,
Quercus robur, Populus alba,
Taxodium distichum

Juniperus
horizontalis, J.
Chinensis

P o p o v i ã and
K o r a ã, 2005

Dunavski
(3.9 ha)

1895 P. nigra, Thuja orientalis,
Betula alba, C. colurna, Celtis
occidentalis, Abies concolor

Ligustrum
ovalifolium, J.
horizontalis, J.
prostrata, J. sabina,
Spirea x vanhouttei

Ð a k o v i ã, 1998

The highest diversity of trees and bushes was found in Futoški Park,
followed by Dunavski Park. These parks are remnants of once vast forest areas
occurred on the place where urban area is situated currently. Limanski Park
was created much later. Dunavski and Futoški parks are designated as nature
monuments (A n o n y m o u s, 1998, A n o n y m o u s 2005).

Numbers of breeding pairs of breeding birds were established following
the method of territory mapping (S u t h e r l a n d, 1996). Parks were visited
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eight and seven times respectively (from early March to late June) during the
breeding season of 2007. Single visits were done in the early morning, from 6
to 9 a.m.

Level of similarities of breeding avifauna was controlled using Sorensen
index of similarity: QS = 2c/(a + b) × 100 where C is the common part of two
sets, A is the size of the first set and B is the size of the second set (T o m i a -
l o j ã et al., 1984).

RESULTS

In Limanski Park 11 species bred. Tree sparrow (Passer montanus) was
the most numerous. Fifteen breeders were recorded in Futoški Park, the most
numerous being great tit Parus major. The smallest number of species (9) bred
in Dunavski Park, with great tit as the most common breeder. The greatest
density of breeding pairs was recorded in the largest park (Table 2).

Tab. 2 — Number of pairs and density of breeding birds of urban parks in Novi Sad

Species Limanski p/10 ha Futoški p/10 ha Dunavski p/10 ha

Passer montanus 10 7.7 3 3.6 2 5.1
Parus major 6 4.6 4 4.8 3 7.7
Sylvia atricapilla 1 0.8 3 3.6 1 2.6
Columba palumbus 2 1.6 3 3.6 2 5.1
Pica pica 1 0.8 1 1.2 2 5.1
Corvus corone cornix 4 3.1 1 1.2 0 0
Sturnus vulgaris 3 2.3 4 4.8 0 0
Streptopelia decaocto 0 0 4 4.8 1 2.6
Asio otus 0 0 1 1.2 1 2.6
Fringilla coelebs 4 3.1 0 0 0 0
Picus viridis 2 1.5 0 0 0 0
Dendrocopus major 1 0.8 0 0 0 0
Muscicapa striata 1 0.8 0 0 0 0
Passer domesticus 0 0 2 2.4 0 0
Accipiter nisus 0 0 1 1.2 0 0
Carduelis chloris 0 0 1 1.2 0 0
Phenicurus ochruros 0 0 1 1.2 0 0
Dendrocopos major 0 0 1 1.2 0 0
Serinus serinus 0 0 1 1.2 0 0
Dendrocopus syriacus 0 0 0 0 1 2.6
Carduelis chloris 0 0 0 0 1 2.6

Total 35 27.1 31 37.7 14 35.9

Hole-breeders dominated in Futoški and Dunavski Park, but their number
was the same as the number of canopy-breeders in Limanski Park (Figure 1).

The greatest similarity of breeding avifauna was found between Futoški
and Dunavski Park (72) and between Futoški and Limanski (61). The smallest
similarity was found if we compare breeding avifauna of particular parks of
Dunavski and Limanski Parks, using Sorensen index of similarity.
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DISCUSSION

In comparison with the bird fauna of Prague parks (F u c h s et al., 2002),
parks in Novi Sad were inhabited by relatively poor number of species. Over-
all breeding density (Table 2) was much lower than recorded in Prague, where
21—206 pairs/10 ha bred, respectively (F u c h s et al., 2002). There are seve-
ral reasons for this. Studied parks in Novi Sad are surrounded by streets and
buildings and are isolated from natural forests. On the other hand, all parks are
relatively small and intensively managed, which, for example in Limanski
Park, excludes bushes and ground cover, but includes relatively high abun-
dance of dogs (own data).

There are no recent studies of birds of urban parks in Serbia. Species ac-
count done in Futoški Park in 1981—1988 resulted in only 10 breeders: P. pica,
P. major, T. merula, S. atricapilla, S. vulgaris, P. domesticus, P. montanus, C.
coccothraustes, C. chloris, and C. carduelis (N e m e t h, 1989). Out of these,
two species did not breed in the park in 2007, but eight species colonized it
since then: C. palumbus, C. c. cornix, S. decaocto, A. otus, A. nisus, P. ochru-
ros, and S. serinus (Table 2). Long-eared owl A. otus had adapted its breeding
habits and became regular urban breeder in Novi Sad in the meantime (R a -
d i š i ã and S t o j š i n, 2001). That was the case also with black redstart P.
ochruros, the species that inhabited Novi Sad starting from 1987, when first
breeding males were registered in Petrovaradin (P u r g e r, 1988/89). Sparrow
hawk A. nisus is a new breeding raptor for Novi Sad (P u z o v i ã and G r u -
b a å, 2000). Favorable conditions for its breeding exist due to planted black
pines Pinus nigra in Futoški Park. Such sites sparrow hawk inhabits also in
urban parks of Belgrade (P u z o v i ã & G r u b a å, 2000). All other new-
comers are expected and became rather widespread in urban areas in recent
decades (pers. data). However, despite it bred in Futoški Park in the period
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1981—1988 (N e m e t h, 1989), blackbird T. merula was not found in Novi
Sad parks in 2007. It breeds in neighboring Fruška Gora frequently (S t o j n i ã,
2009). It was not found breeding on other sites in Novi Sad, outside of parks
(pers. data). Reason for this remained unknown, having in mind that blackbird
is common urban breeder in all larger cities in Serbia, for example: Belgrade
(V a s i ã and S t e v a n o v i ã, 1972), Subotica, Sombor (own data). In 6 out
of 12 studied parks in Prague blackbird was the most numerous species with
the greatest density (F u c h s et al., 2002; Table 3), which was also the case
in cemeteries of Bratislava (K o c i a n et al., 2003).

Comparison with data obtained in smaller Belgrade parks in 1960's,
when 25 breeding species were recorded (V a s i ã and S t e v a n o v i ã, 1972)
shows that there are 12 species breeding in parks in both cities, while only 6
are breeding only in Novi Sad (C. palumbus, A. otus, P. viridis, P. domesticus,
A. nisus, P. ochruros), while 13 are breeding only in Belgrade. However, his-
torical changes in breeding avifauna in cities are very fast (V a s i ã, 1970),
and current breeding birds community might be completely different.

Tab. 3 — Comparison of breeding avifauna in Novi Sad with Czech parks

Park Size
(ha)

Number of
breeders

The most
numerous species

Density of the
most numerous
species (p/ha)

Prague (Fuchs et al 2002)

Kråsky les ? 23 P. major 5.8
Grebovka ? 20 F. coelebs 20.2
Riegrovy sady ? 16 C. chloris 18.1
Kralovska obora S ? 34 T. merula 10.2
Petrin ? 23 T. merula 26.0
Novy ÿidovsky hrbitov ? 16 T. merula 21.3
Karlovo and karlinske namešti ? 8 S. decaocto 30.6
Olšanske hribitovy ? 17 F. coelebs 23.9
Lesik na Jarove ? 17 T. philomelos 48.0
Vitkov ? 12 T. merula 25.4
Rumište v Malešicich ? 7 T. merula 12.5
Cisarsky ostrov ? 32 T. merula 25.2

Åeske Pardubice (V r a n o v a et al., 2007)

Bubenikovy sady 3.2 22 S. decaocto 21.9

Park Na Špici 2.5 20 Phylloscopus
collybita 36.0

Park Pod Vinici 3.4 23 F. coelebs 23.7

Tyršovy sady 10.5 22 S. atricapilla and
F. coelebs

8.6
respectively

Novi Sad (this paper)

Limanski 12.9 11 P. montanus 7.7

Futoški 8.26 15 P. major, S. vulgaris
and S. decaocto

4.8
respectively

Dunavski 3.9 9 P. major 7.7

Ground-nesting species are poor colonizers of urban parks (J o k i m ä k i,
1999), which were proven for Novi Sad parks, as well. Ground in parks is co-
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vered by short grass, managed very intensively, and occupied by humans and
domestic animals (potential predators), which disable successful breeding on
the ground and low bushes.

The greatest similarity between breeding communities of Futoški and Du-
navski Parks is most probably a result of similar breeding conditions. Liman-
ski Park, in comparison with other two, offers poorer breeding condition, de-
spite it is the largest: there are almost no bushes in it and the trees (poplars)
are of similar age and equally dispersed. Breeding conditions in recent time
could be even worsened as a result of current massive cutting of trees (in
winter 2007/2008) and building of concrete roads thru the park. Therefore, po-
tential changes in breeding avifauna in this and other parks should be carefully
monitored.
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Rezime

Sastav vrsta i brojnost ptica gnezdarica ustanovqeni su metodom mapira-
wa teritorija u Limanskom (12,9 ha), Futoškom (8,26 ha) i Dunavskom (3.9 ha)
parku u Novom Sadu u periodu od ranog marta do kasnog juna 2007. godine. U Li-
manskom parku gnezdilo se 11 vrsta, a najzastupqenija meðu wima bila je poq-
ski vrabac Passer montanus. U Futoškom parku gnezdilo se 15 vrsta ptica. Vr-
sta sa najveãom gustinom bila je velika senica Parus major. Najmawi broj vrsta
(9) zabeleÿen je na gneÿðewu u Dunavskom parku, u kojem je takoðe velika senica
bila najzastupqenija gnezdarica. Najveãa ukupna gustina ptica gnezdarica zabe-
leÿena je u najveãem parku, Limanskom (37,7 pairs/km2). Ptice dupqašice domi-
nirale su meðu gnezdaricama Futoškog i Dunavskog parka, a wihov broj je bio
jednak kao i broj vrsta koje se gnezde u krošwama u Limanskom parku. Merena
Sorensenovim indeksom sliånosti, najveãa sliånost ustanovqena je izmeðu za-
jednice ptica gnezdarica Futoškog i Dunavskog parka (72), zatim sledi sliå-
nost avifauna Futoškog i Limanskog (61), dok je najmawa sliånost bila izme-
ðu avifauna Dunavskog i Limanskog parka. U poreðewu sa faunom ptica gnezda-
rica drugih parkova u sredwoj Evropi, moÿe se zakquåiti da je fauna gnezdari-
ca parkova u Novom Sadu relativno siromašna.
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THE INFLUENCE OF LONG TERM SOUND STRESS
ON HISTOLOGICAL STRUCTURE OF IMMUNE ORGANS

IN BROILER CHICKENS

ABSTRACT: The aim of this paper was to examine the effect of different duration
sound stress on immune organs of broiler chickens of different age. Nine groups, with 10
chickens in each group were included in experiment. The histological structure of bursa of
Fabricius, thymus, and spleen were analyzed. The results indicated that the bursa of Fabri-
cius, in relation to the other examined organs, was the most sensitive to this kind of stress.
Histological changes of spleen and thymus were also observed, but less prominent except in
chickens after more than 30 days of exposure to stress. According to our results, degree of
histological changes of immune organs under the influence of sound stress depends on the
length of exposure and age of chickens.

KEY WORDS: sound stress, broiler chickens, immune organs

INTRODUCTION

Stress is the reaction of the organism to stimulus, which disturbs physio-
logical equilibrium, usually with harmful consequences. This disturbance of
homeostasis has resulted in changes in the concentration of large number of
different hormones that have a crucial role in the regulation of immune system
function.

The link between neuroendocrine and the immune system, is first reflec-
ted in the existence of receptors for a number of chemical mediators in im-
mune cells. These chemical modulators, actually hormones, are ACTH, glu-
cocorticosterids, vasoactive intestinal peptide (VIP), substance P, prolactin,
growth hormone, sex steroids, catecholamine, acetylcholine, releasing hormo-
nes, and opioid molecules (K h a n s a r i et al., 1990).

Immunomodulatory effect of these hormones can be direct, when they af-
fect biochemical reactions that are responsible for cell proliferation, differen-
tiation, and their functions. In addition, indirect influence is reflected in the
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modulation of production and/or activities of lymphokines and monokines
( M u n c k et al., 1984; J o h n s o n and T o r r e s, 1985; O o i et al., 1987).

Furthermore, in stress reaction autonomic nerve system (ANS) is acti-
vated. Importance of that system is in his connection with lymphoid organs,
which are innervated by ANS. In that way, ANS is involved in process of im-
munomodulation (A c k e r m a n et al., 1989; A c k e r m a n et al., 1991;
F e l t e n and F e l t e n, 1991; V i z i et al., 1995).

Results of different investigations show that stress in broiler chickens has
significant influence on immune system and immune organs. L a z a r e v i ã et
al. (2000) reported that sound stress has immunosuppressive effects on broiler
chickens. Heat stress has also led to significant immunosuppression in broiler
chickens (A l - G h a m d i, 2008). Social stress induces decreasing ratio be-
tween weight of bursa of Fabricius and body weight (M o h a m e d and
H a n s o n, 1980). Investigating the nutritional stress on the bursa of Fabricius
and thymus of chickens G r i f f i t h s et al. (1985) point out that stress in-
duces thymus atrophy and reduction in bursa of Fabricius weight. Chickens
exposed to stress promoted by vaccination and overpopulation had smaller
weight of the bursa of Fabricius, thymus and spleen compared to control group
(A w a d a l l a, 1998). P a r d u e et al. (1985) investigated influence of high
temperature on broiler chickens and point out that thermal stress decreased
weight of bursa of Fabricius and spleen. ACTH infusion induces decreasing of
bursa of Fabricius weight in chicken. Same response of that organ was ob-
served in Gallus domesticus after implantation of pellets with corticosterone
and cholesterol (D a v i s o n et al., 1985). In addition, exogenous cortisol and
treatment with combination of cortisol and thermal stress decrease Bursa of
Fabricius and spleen weight in broiler chickens (B r a k e et al., 1988).

The aim of our investigation was to estimate the influence of long-term
sound stress on morphology of immune organs (thymus, spleen, and Bursa of
Fabricius) in broiler chickens.

MATERIALS AND METHODS

The experiments were conducted on 90 HYBRO broiler chickens, divided
into nine groups (each group consisting of 10 birds) as follows:

C1—15 — control (non exposed) group
O1—15 — chickens exposed to the sound stress from 1st to 15th day of life
C1—30 — control (non exposed) group
O1—30 — chickens exposed to the sound stress from 1st to 30th day of life
O15—30 — chickens exposed to the sound stress from 15th to 30th day of life
C1—45 — control (non exposed) group
O1—45 — chickens exposed to the sound stress from 1st to 45th day of life
O15—45 — chickens exposed to the sound stress from 15th to 45th day of life
O30—45 — chickens exposed to the sound stress from 30th to 45th day of life
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The control and exposed chickens were kept in two different buildings
under same conditions of temperature, light, humidity, and number of birds per
m2. They were fed ad libitum and had free access to water. According to the
experimental schedule, chickens were moved from the building without noise
to the building where they were subjected to sound stress. The chickens were
exposed to sound stress in sound attenuated building using a fire alarm bell
(95 dB) for stress sessions lasted 120 min., every day. The bell was program-
med to ring for 5 sec in a variable interval schedule (5 to 115 s) through sig-
nals generated by PC software.

Every 15 day, birds were sacrificed as show in above schedule. For histo-
logical investigation samples of thymus, spleen and bursa of Fabricius were
fixed in Bouin solution for 24 h, and after standard histological procedure of
dehydration, organs are embedded in paraffin. Serial cuts, 5 mm thickness,
were made by microtome and stained with hematoxylin and eosin. Histological
analysis was performed with light microscope Leica DLMS connected with ca-
mera (Leica DC-300). Software for image analysis was IM 1000 (Leica Ima-
ging Systems Ltd, Cambridge, UK).

RESULTS

Bursa of Fabricius

The typical changes of bursa of Fabricius in all groups of chickens
exposed to sound stress are reflected in the follicles atrophy and increase of
connective tissue (Figure 1A-F).

The degree of changes was in direct correlation with the duration of
exposure to sound stress. In the group that was exposed to stress from day 1
to day 45 a complete atrophy of lymph follicles, the large amount of connec-
tive tissue and appearance of cysts in epithelium was observed.

153



Thymus

The chronic action of sound stress did not cause significant changes in
the histological structure of thymus. Discrete changes are observed only in the
group of chickens that was exposed to chronic sound stress from 1st to 30th
day of life (Figure 2A-B). Thymus of these animals is characterized by the
presence of a larger number of macrophages in the cortex and the more deve-
loped connective tissue, but the basic structure of organ was unchanged.
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Fig. 1 — Microphotographs of chicken bursa of Fabricius (A — control group,
15 days old; B — sound stress from day 1 to day 15; C — control group, 30 days old;
D — sound stress from day 1 to day 30; E — control group, 45 days old; F — sound

stress from day 1 to day 45 (HE; 150x)



Spleen

The changes in histological structure of chicken spleen exposure to chro-
nic sound stress, like in thymus, were not significantly expressed. At the lar-
gest number of chickens, spleen was without changes and the follicles deve-
lopment degree was in accordance with their age (Figure 3). The only change
was observed in chickens exposed to sound stress from day 1 to day 30.
Spleen of these animals was characterized by a smaller number of follicles and
less developed of periarteriolar lymphoid sheath (PALS) (Figure 3).

DISCUSSION

Histological analysis of broiler chickens immune organs showed signifi-
cant differences in structure of bursa of Fabricius in chicken groups exposed to
chronic sound stress. In younger chickens, changes were slightly expressed
and reflected in the better-developed connective tissue. However, in older chic-
kens, changes were intensive, and reflected in the progressive reduction of the
lymphoid follicles size, increasing of connective tissue amount and appearance
of the cyst in both epithelium and in the follicle.

On the base of our findings could be concluded that bursa of Fabricius is
very sensitive organ to the sound stress. In accordance with our findings are
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Fig. 2 — Thymus of 30-day-old chicken. Control (A) and chicken exposed to sound stress
from day 1 to day 30 (B) (HE; 150x)

Fig. 3 — Spleen of 30 day old chicken (A) and spleen of chicken exposed to sound stress
from 1st to 30th day of age (B) (HE; 150x)



the results of other authors who have examined the impact of social stress
(M o h a m e d and H a n s o n, 1980), nutritive stress (G r i f f i t h s et al.,
1985), stress caused by vaccination (A w a d a l l a, 1998) and thermal stress
( P a r d u e et al., 1985; B r a k e et al., 1988) on the bursa of Fabricius; they
point out that stress induces atrophy of that organ which was reflected by or-
gan weight decreasing. Stock densities, also, have effects on the bursa of Fa-
bricius structure (M u n i z et al., 2006).

Our results point out that duration of stress has significant influence on
degree of histological changes. What was obvious in comparison of its histolo-
gical changes in groups exposed to stress 15, 30, and 45 days. Higher degree
of follicular atrophy was in groups that were exposed to sound stress in longer
period. In addition, age of chicken had influence at the degree of histological
changes of bursa of Fabricius. At the same duration of sound stress, older
compared to younger chickens have much more prominent structural changes
of the bursa of Fabricius.

These results confirm that the sound stress causes immunosuppression.
We assume that the basic mechanism of action of all kind of stressors on the
immune system is basically the same, what result in immunosuppressive action
of glucocorticoids on this system.

Researching the effects of glucocorticoids on the bursa of Fabricius,
C o m p t o n et al. (1990) found that dexamethasone causes regression and re-
duction in its cell activity. These authors also found that the regression of bur-
sa of Fabricius was a consequence, first of programmed cell death (apoptosis)
activated by steroids, and second as a consequence of the migration of lym-
phocytes from the tissue caused by action of dexamethasone.

Unlike the bursa of Fabricius, chronic sound stress caused less prominent
changes of thymus structure. Higher degree of follicular atrophy was noticed
in chickens longer exposed to sound stress. In thymus tissue were found the
larger number of macrophages and higher amount of connective tissue in chic-
kens of the age of 30 days than in control animals.

Atrophy of chicken thymus, which is in connection with reduction of or-
gan weight, is found in nutritive stress (G r i f f i t h s et al., 1985). Reduction
of thymus weight was also found in the chickens exposed to stress due to vac-
cination and overpopulation (A w a d a l l a, 1998). These finding indicate that
stress affect the thymus, as the primary immune organ, but that the degree of
its change depends of animal strain, type of stressor, the length of exposure, etc.

Increase of macrophages number and increase in amount of connective
tissue in chickens thymus in our experiment indicate that the thymus react to
stress. These findings are in accordance with the results of C o m p t o n et al.
(1990), which indicate the important role of macrophages in the inactivation of
lymphocytes after glucocorticoides treatment.

Like in thymus, changes in the spleen structure of chicken exposed to
sound stress were not significantly expressed. In the largest number of animal,
spleen normal structure is preserved, and development of follicles is in accor-
dance with age of chickens.

The only deviation in spleen structure in chickens exposed to sound stress
observed at the age of 30 days. In these animals, spleen is characterized by a
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smaller number of follicles and less developed PALS. Stress caused by vacci-
nation and overpopulation, as well as high temperature, were resulted in the
reduction of the spleen weight of broiler chickens (P a r d u e et al, 1985;
A w a d a l l a, 1998). Researching the impact of stress on the spleen, D a v i -
s o n et al. (1985) found that ACTH infusion causes reduction of spleen
weight. In addition, treatment with cortisol and cortisol in combination with
the heat stress causes the reduction of body mass in broiler chickens (B r a k e
et al., 1988).

Histological changes in the spleen showed a lower sensitivity of this or-
gan on sound stress compared to the Bursa of Fabricius, which is in fully
agree with the results of experiments that are performed by C o m p t o n et
al. (1990). They showed that organs where mature lymphocytes were located
are less sensitive on the influence of glucocorticoides.

CONCLUSION

Chronic sound stress causing significant changes in histological structure
of bursa of Fabricius in broiler chickens. These changes are reflected in the
follicles atrophy, development of connective tissue and appearance of cysts in
epithelium and in the follicles.

In broiler, thymus exposed to sound stress, minor changes are visible,
exactly increasing number of macrophage and more connective tissue then in
control group at 30 days of age.

In the same period, minor changes were observed in the spleen structure
of broiler chickens exposed to sound stress then in control group. These chan-
ges are shown by smaller number of follicles and less developed of periarterio-
lar lymphoid sheath (PALS).
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Rezime

Ciq rada je da se ispita uticaj zvuånog stresora na imunološke organe
brojlera koji su bili izlagani u razliåitim uzrastima i razliåitom trajawu
stresora. Formirano je devet grupa, a svaka grupa je imala po 10 piliãa. Ispi-
tivana je histološka graða Fabricijeve burze, grudne ÿlezde i slezine. Rezul-
tati ukazuju da je Fabricijeva burza, u odnosu na ostale ispitivane organe, naj-
osetqivija na delovawe ove vrste stresora. Promene se uoåavaju i kod grudne
ÿlezde i slezine, ali su mawe i javqaju se nakon izlagawa stresoru više od 30
dana. Stepen promena u histološkoj graði imunoloških organa pod uticajem
zvuånog stresora zavisi od duÿine izlagawa kao i uzrasta piliãa.

159


	pri24-1
	pri24-2
	pri24-3

