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THE MECHANISM OF THE NH4 ION OSCILLATORY
TRANSPORT ACROSS THE EXCITABLE

CELL MEMBRANE

ABSTRACT: This paper presents results on typical oscillations of the membrane po-
tential induced by the excitation of the cell membrane by different concentrations of the
NH4Cl solution. The existence of four classes of oscillations of the membrane potential and
several different single and local impulses rhythmically occurring were determined. It is
known that the oscillatory processes of the membrane potential are in direct dependence on
oscillatory transport processes of NH4 and Cl ions across the excitable cell membrane. A
hypothesis on a possible mechanism of oscillatory transport processes of NH4 and Cl ions
across the excitable cell membrane is also presented.

KEY WORDS: plant cell membrane, excited state, membrane potential, oscillatory
transport, NH4 ion

INTRODUCTION

It is generally known that movements, phenomena and processes occur-
ring oscillatory and rhythmically can be found within almost all fields of
physics, chemistry and biology. Oscillations are such movements and proces-
ses at which, magnitudes of physical quantities determining them, occur at
exactly or approximately equal periods of time. Hence, any system disturbed
from equilibrium starts to oscillate under certain conditions. Systems with one
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or two degrees of freedom are the basis for the analysis of oscillations. Regar-
dless of different types of oscillatory processes, each oscillatory system can be
described by a physical quantity whose displacement from its equilibratory va-
lue depends on coordinates and time.

The unique mathematical model is used in description of all oscillatory
processes, but, homogenous differential equations of the second order with
constant coefficients are mainly applied for discrete systems, while partial dif-
ferential equations with variable coordinates and time are applied for continuo-
us systems (A n d r o n o v et al., 1966, C r a w f o r d, 1984; T i h o n o v et
al., 1972).

Oscillations and rhythms are one of the principal characteristics of living
organisms. A rhythm, as a type of the regularity and autoregulation, with a
patterned increase and decrease of certain parameters in the curse of time, has
been detected at all levels of organization: molecules, cells, tissues, organs, or-
ganisms and the population (B j u n n i n g, 1964, B i o t e u x et al., 1977).

In recent times the occurrence of oscillations of the membrane potential
has been more systematically studied and analysed and therefore it is a very
actual and contemporary scientific topic (K o l j s et al., 1993, K r a i n s k i et
al., 1981, Ÿ a b o t i n s k i j, 1974).

Furthermore, overall bioelectric studies on plant models contributed to a
discovery of the phenomenon of the membrane oscillatory potential (V o r o -
b l j e v et al., 1967, 1968, R a d e n o v i ã, 1974). The actual and genuine
phenomenon of the membrane oscillatory potential on the excitable cell mem-
brane (plasmalemma and tonoplast) of intact plant cells was discovered at the
end of 1960s (R a d e n o v i ã et al., 1968, V o l k o v et al., 1968, V u å i -
n i ã et al., 1973, 1987). The excitation of the plant cell and its membranes
was performed under the influence of selected factors (concentration, mechani-
cal, temperature, luminous, etc.) under which the oscillations of the membrane
potential are generated (R a d e n o v i ã and P e n å i ã, 1970, R a d e n o v i ã
and V u å i n i ã, 1987, V u l e t i ã et al., 1987). To that effect, the same or si-
milar is related to the membrane oscillatory potential induced by concentra-
tions of monovalent cations (R a d e n o v i ã et al., 1977, R a d e n o v i ã and
R a t k o v i ã, 1982). There are no integral papers on the membrane oscillatory
potential studied at different NH4 ion concentrations in the available literature.
In this paper we report, for the first time, a more detail investigation of the
membrane oscillatory potential induced by different NH4 ion concentrations,
the same as the explanation of oscillatory transmembrane transport across the
excitable cell membrane.

MATERIALS AND METHODS

The bioelectrical experiments for producing oscillations of the membrane
potential at different NH4 ion concentrations were performed on living cells of
the fresh-water alga Nittela. Growing conditions and the standard preparation
of Nitelle cells for bioelectric measurements had already been described in our
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studies (R a d e n o v i ã et al., 1968, R a d e n o v i ã and P e n å i ã, 1970,
R a d e n o v i ã, 1974).

All chemicals were of the pa. grade, prepared fresh prior to experiments.
Single and local impulses and complete oscillations of the membrane po-

tential were registered after the method with a microelectrode technique, which
was also previously described, in principle and details, (R a d e n o v i ã et al.,
1968; R a d e n o v i ã and P e n å i ã, 1970, R a d e n o v i ã et al., 1976, 1977).

RESULTS

1. Obtained results of bioelectric standard measurements prior
to recording of oscillations of the membrane potential induced

by the NH4Cl solution

Living cells of Nittela grown on the 1% nutrient agar (0.1 mM KH2PO4,
1.0 mM NaHCO3, 0.4 mM CaCl2 6H2O and 0.2 mM Mg(NO3)2 x 6H2O) prior
to recording of oscillations of the membrane potential were stabilised by the
standard solution for 60 min. Ordinary measurements (membrane stationary
potential, cyclosis) were performed by using the standard solution (Table 1) as
an external solution. Once the values of bioelectric parameters were within the
limits of the normal physiological state of a stabilised living cell, oscillations
of the membrane potential can be induced and recorded at different NH4Cl so-
lution concentrations.

Tab. 1: Bioelectrical parameters of the cell state of alga Nittela prior to inducement of oscillations
of the membrane potential with the solution with NH4Cl.

Membrane stationary level
(�m, mV) Cyclosis (�sec—1) Standard solution for initial

bioelectrical measurements

Standard levels:

—90
—120
—150

45
50
52

0.1 mM HCl + 1.0 mM NaCl

2. Oscillations of the membrane potential induced by different
NH4Cl solution concentrations

When the standard solution was exchanged for the NH4Cl solution in the
external solution, the excitement of Nittela was made and oscillations of the
membrane potential were possible to be induced and registered in plasmalem-
ma and tonoplast. The results of 11 typical oscillations of the membrane po-
tential induced by different NH4Cl concentrations are presented. The stated
oscillations can be grouped into four classes and as such shall be presented in
this paper:
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2.1. The first class of oscillations of the membrane potential induced
by the lowest NH4Cl concentration (1 mM)

Figure 1 and Table 2 present the results of oscillations of the membrane
potential induced by the solution of the lowest concentration (1 mM NH4Cl).
This typical oscillation is characterised by a pre-oscillatory period with the oc-
currence of only six single impulses. The possible local impulses or failed
oscillations occurred soon after the second single impulse. The irregularity be-
came more pronounced in further observations of oscillations. The end of
oscillating passed into chaos.

Tab. 2: First class of membrane potential oscillations

Conc.
(mM)

Duration of
membrane
potential

oscillation
(min)

Duration of
preoscillatory
period (min)

Duration of
oscillatory

period (min)

Frequence of
singular

oscilation
appearance
(osc/min)

Relative
amplitude of

oscillation
(mV)

1 13.64 4.36 9.28 0.37 27.5 19.0

2.2. The second class of oscillations of the membrane potential induced
by low NH4Cl concentrations (3—7 mM)

The results of oscillations of the membrane potential are presented in Fi-
gures 2 (A-D), while their characteristics are encompassed by Table 3. Oscilla-
ting induced by the solution of 3 mM NH4Cl (Figure 2 A, Table 3 A) is a
somewhat different than the previous one. It had two impulses in the process
of depolarisation and seven in the process of repolarisation of equilibration.
Possible local impulses could have been observed among single impulses.
Oscillating ended in a monotonous stationary state, Figure 2 A, Table 3 A.

8

Fig. 1: First class of oscillations. Abbreviations: x — axis: time (min), y — axis: electric
potential (mV), arrow start of oscillatory process, �uk: total duration of oscillations, �p.osc.:

duration of preoscillatory period, �osc.: duration of oscillatory period. For parameters see Tab. 2
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Fig. 2: Second class of oscillations. A: NH4 ion concentration: 3 mM, B: NH4 ion
concentration: 5 mM, C: NH4 ion concentration: 6 mM, D: NH4 ion concentration:

7 mM. For parameters see Tab. 3



Tab. 3: Second class of membrane potential oscillations

Conc.
(mM)

Duration of
membrane
potential

oscillation
(min)

Duration of
preoscillatory

period
(min)

Duration of
oscillatory

period
(min)

Frequence
of singular
oscilation

appearance
(osc/min)

Relative
amplitude of

oscillation
(mV)

Segment of
oscillogram

A 3 25.6 0.09 25.51 0.35 40.35 —

B 5 23.49 0.31 23.18 0.55 30.42 —

C 6 28.28 0.03 28.25 1.27 whole

56.75�
25.38 I

Xav = 21.69 II

Xav = 27.28 III

D 7 38.04 0.00 38.04 1.31 Xav = 49.67 —

Oscillating presented in Figure 2 B and Table 3 B (5 mM NH4Cl) is very
similar to oscillating in Figure 2 A. A clearly equilibrated stationary level is
observed under depolarisation conditions. Only single impulses with declining
amplitudes occurred in this oscillating that ended in an unsuccessful single im-
pulse or a weak local impulse, Figure 2 B, Table III B.

Oscillating presented in Figure 2 C and Table 3 C (6 mM NH4Cl)
acquired characteristics of long-lasting oscillations with a greater number of
single impulses (in the processes of depolarisation and repolarisation) up to the
stationary level. Three segments can be observed in Figure 2 C. The first
oscillation segment started with the single impulse of the highest amplitude
and continued with relative damping. The second oscillation segment was bor-
dered with two local impulses within which there were five single impulses of
different amplitudes. The third oscillation segment was characterised by the
occurrence of a local impulse, Figure 2 C, Table 3 C.

Oscillating presented in Figure 2 D and Table 3 D (7 mM NH4Cl) also
acquired characteristics of long-lasting oscillations with higher NH4Cl concen-
trations. Indications of local impulses occurred in the beginning and at the end
of oscillating. Oscillating was characterised by alternating and gradual ascen-
ding and descending of single impulse amplitudes. A middle part of oscillating
(from the 16th to the 46th single impulse) was characterised by consistent am-
plitudes. At the end of oscillating (the 47th single impulse), amplitudes of sin-
gle impulses significantly increased, and then gradually decreased till the end
of oscillating, Figure 2 D, Table 3 D.

2.3. The third class of oscillations of the membrane potential induced
by NH4Cl concentrations of 8, 9 and 10 mM

The results of oscillations of the membrane potential are presented in Fi-
gures 3 A-C, while their characteristics are encompassed by Tables 4 A-C.
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Tab. 4: Third class of membrane potential oscillations

Conc.
(mM)

Duration of
membrane
potential

oscillation
(min)

Duration of
preoscillatory
period (min)

Duration of
oscillatory

period (min)

Frequence
of singular
oscilation

appearance
(osc/min)

Relative
amplitude of

oscillation
(mV)

A 8 35.42 4.26 31.16 0.56 Xav = 41.60

B 9 43.15 8.25 34.90 0.42 Xav = 44.7

C 10 50.72 0.21 50.51 1.03 Xav = 39.02

Since oscillations presented in Figure 3 A and Table 3 A (8 mM NH4Cl)
did not have an equal level of the stationary state, amplitudes of single impul-
ses differed. Local impulses were pronounced during oscillating.

11

Fig. 3: Third class of oscillations. A: NH4 ion concentration: 8 mM, B:NH4 ion concentration:
9 mM, C: NH4 ion concentration 10 mM. For parameters see Tab. 4



Oscillating presented in Figure 3 B and Table 4 B (9 mM NH4Cl) was
characterised by a pre-oscillatory period. The process of depolarisation lasted
till the end of oscillating and was accompanied by single impulses with diffe-
rent amplitudes.

Oscillating presented in Figure 3 C and Table 4 (10 mM NH4Cl) had cha-
racteristics of equilibrated and long-lasting oscillations with a higher number
of single impulses and regular processes of depolarisation and repolarisation.
However, in comparison with the fourth class of oscillations the duration of
this oscillations was not long. The beginning of oscillating was accelerated,
but the frequency of the occurrence of single impulses decreased with further
spreading of oscillations. An indication of a local impulse occurred almost af-
ter every single impulse, Figure 3 C, Table 4 C.

2.4. The fourth class of oscillations of the membrane potential induced
by the highest NH4Cl concentrations (10 mM)

The results of oscillations of the membrane potential are presented in Fi-
gures 4 A-C, while their characteristics are encompassed by Table 5 A-C.

Oscillating presented in Figure 4 A and Table 5 A (10 mM NH4Cl) had a
pre-oscillatory period in which the indication of local impulses occurred. Besi-
des, this oscillating in the process of depolarisation had the indication of single
impulses occurrence, similar to the process of gradual repolarisation. Recor-

12

Fig. 4: Fourth class of oscillations. A-C: NH4 ion concentration: 10 mM
For parameters see Tab. 5



ding of oscillations of the membrane potential was interrupted between the 30th

and 105th minute and the analyses were performed separately. In both seg-
ments of oscillating, local impulses were observed among single impulses,
provided that the number of local impulses was much greater in the second
segment. The frequency of the occurrence of single impulses declined towards
the end of oscillating, Figure 4 A, Table 5 A.

Tab. 5: Fourth class of membrane potential oscillations

Conc.
(mM)

Duration of
membrane
potential

oscillation
(min)

Duration of
preoscillatory
period (min)

Duration of
oscillatory

period
(min)

Frequency
of singular
oscillation
appearance
(osc/min)

Relative
amplitude of

oscillation
(mV)

Segment of
oscillogram

A 10 156.34 4.72 151.62 — — whole

29.14 0.31 Xav = 44.20 I

51.34 0.16 Xav = 59.25 II

B 10 295.63 0.00 295.63 — — whole

24.30 0.37 Xav = 72.32 I

28.86 0.21 Xav = 99.28 II

19.18 0.31 Xav = 98.28 III

25.63 0.16 Xav = 66.00 IV

C 10 235.88 0.00 235.88 — — whole

26.53 0.38 Xav = 78.70 I

23.33 0.86 Xav = 38.62 II

18.59 0.70 Xav = 21.61 III

20.82 0.29 Xav = 9.49 IV

Oscillating presented in Figure 4 B and Table 5 B (10 mM NH4Cl) was
the longest registered oscillating of the membrane potential. Over 100 single
impulses were generated in five hours. The frequency of generating of single
impulses varied; the process of depolarisation occurred in the beginning and at
the end of this oscillating, while gradual repolarisation occurred in the middle
of oscillating. This oscillating was characterised by the irregular occurrence of
impulses, Figure 4 B, Table 5 B.

Oscillating presented in Figure 4 C and Table 5 C (10 mM NH4Cl) had
the greatest number of generated single impulses (over 140). This oscillating
started similarly to oscillating presented in Figure 8. The difference occurred
in the magnitude of amplitudes of single impulses. This oscillating will also be
analysed by its segments. It seems that segments II, III and IV had stable sta-
tes and approximately equal amplitudes of single impulses, which is not cha-
racteristic for the majority of oscillations induced by the NH4 ion. Oscillating
ended with the occurrence of single impulses of low amplitudes and small
frequencies, Figure 4 C and Table 5 C.
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DISCUSSION

1. General and specific characteristics of oscillations of the membrane
potential induced by different NH4Cl concentrations

The first prerequisite for the occurrence of oscillations of the membrane
potential is the excitation of the living cell and thereby its membranes. The
excitation in these experiments was performed by the addition of different
NH4Cl concentrations to the external solution.

According to the obtained results, the probability for inducing oscillations
of the membrane potential in experiments with high NH4Cl concentrations
(8—10 mM) amounted to 62%. As expected it was much more difficult, but
not impossible, to obtain oscillations at lower and low NH4Cl concentrations.
Oscillations of the membrane potential were most often induced after the first
exchange of the standard solution (Table I) for the NH4Cl solution. In such ca-
ses oscillating of the membrane potential was the most intensive by amplitude
magnitudes, number of single and local impulses, as well as by the duration
and frequency of the occurrence (Tables 2—5). Furthermore, this did not
exclude the possibility to induce oscillations in repeated exchange of the stated
solutions. But even if they occurred, the characteristics of such oscillations
were weak and numerous with single and local impulses. The duration of
oscillations of the membrane potential induced by 6—10 mM NH4Cl was very
long and lasted, on the average, up to 100 min with generation of over 50 sin-
gle impulses (Figures 3 C — 4 A-C), (Tables 4 C — 5 A-C). Damping of the-
se oscillations was minimal (1.038), and the frequency of generation of single
impulses was also quite low (0.74 im min—1). The occurrence of local impul-
ses was significant and gradually increased with an inevitable prolongation of
the impulse intervals. However, oscillating ended with a cessation of genera-
tion of local impulses.

The longest oscillating of the membrane potential was obtained in these
experiments — the excitable but living plant cell Nitelle generated over 100
single impulses in the course of five hours (Figure 4 B).

Figure 4 C presents oscillating of the membrane potential with the grea-
test number of generated single impulses. Over 140 single impulses were ge-
nerated in this oscillating for four hours.

A certain „pre-oscillatory period" occurred in some of the stated oscillati-
ons of the membrane potential from the moment of the exchange of the stan-
dard solution for the NH4Cl solution up to the beginning of oscillating (Figu-
res 1, 2 C, 3 B and 4 B). The stated pre-oscillatory period lasted for several
minutes (Tables 2, 3 C, 4 B and 5 B).

Single impulse amplitudes did not change to a greater extent in oscillati-
ons of the membrane potential induced by different NH4Cl concentrations.
However, its kinetics varied in the processes of depolarisation and repolarisa-
tion. Single impulses most often lasted differently, sometimes for 2 to 4 sec,
and sometimes 6 to 8 sec.
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2. Functional dependence of the membrane potential and transport
process across the cell membrane

It is well known that the membrane potential depends on a complex ion
transport across the cell membrane. This dependence is encompassed by Fick's
law of diffusion, Using's criterion, Teorel, Nernst-Plank-Goldman equation
( R a d e n o v i ã, 1974, 1998, 2001). Moreover, it is also known that two ac-
tion forces: the strength of the concentration gradient and the strength of the
electric gradient are considered in the case of transport processes across the
cell membrane.

The ion transport across the excitable cell membrane is characterised by
passive and active transport processes. The diffusion most often occurs as a
dominant carrier of passive transport processes. It exhibits as simple, restricted
and relieved. A simple diffusion consists of ion transport processes through the
lipid bilayer of the membrane, or through pores in proteins and through pores
in the lipid bilayer. A restricted diffusion occurs in the form of spatial ion pro-
cess through pores with charged groups on proteins. At last, a relieved diffu-
sion occurs in the form of ion transport processes with a movable carrier,
fixed carrier and as the diffusion of the exchange. It is obvious that there are
the following two initiators of the stated ion transport processes with dominant
passive characteristics: the ion concentration gradient and the membrane poten-
tial gradient. Naturally, in the case of coupling of these two gradients, ion
transport processes with characteristics of active ion processes across the
excitable cell membrane can occur. Certainly, active transport processes occur
in opposition to the chemical and electrochemical gradients (R a d e n o v i ã,
1998, 2001, 2003) as they require energy. These processes do not proceed in-
dependently, but always with the processes of ATP hydrolysis, i.e. on the ac-
count of energy accumulated in the macroenergetic constituents and their
bonds with ATP, that is by ATPase.

Different characters of movements of proteins, lipids, pigments and other
structures bound by the complex also contribute to the mechanism of total
transport processes across the excitable cell membrane (R a d e n o v i ã, 1998,
2001, 2003). These movement characters in the excitable cell membrane can
be: lateral movement (typical for proteins and lipids), rotational movement
(typical for proteins specialized in ion transport processes) and so-called flip-
-flop movement (typical for lipids and proteins that regulate transport proces-
ses from one side of the excitable cell membrane to the other). When the de-
gree of excitement of the cell membrane is higher, the stated characters of the
movement (of lipids, proteins) are more significant in their intensity, dynamics
and diversity, and the total transport processes are affected (K o y s et al.,
1993, R a d e n o v i ã, 1998, 2001, 2003).

Considering the above stated on the dependence between the membrane
potential and transport processes, it is often said that the membrane potential
(by its intensity and kinetics) is a measure of the total transport processes oc-
curring across the cell membrane. Hence, when the membrane potential reac-
hes the stationary state, then ion transport processes across the membrane are
uniform by the direction, intensity and charge. Furthermore, when the mem-
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brane potential changes (linearly, exponentially, or in some other pattern), the
ion transport processes occur in such dependence (by the direction, intensity
and sign of the ion charge). Similar can be stated for the processes of depolari-
sation and repolarisation (Figure 5). It seems that a Cl— transport and a partial
NH4 transport (presented by the direction, course, intensity and charge) occur-
red in the case of depolarisation processes (Figure 5). In cases of repolaristion,
the NH4 transport was dominant and Cl— transport was partial (also presented
by the direction, course, intensity and charge) (Figure 5). When the membrane
potential was balanced, then Cl— and NH4 transports were also equilibrated (by
the direction, course, intensity and charge) (Figure 5). Analogously to the sta-
ted, Cl— and NH4 transports occurred alternately in each single impulse of the
oscillation of the membrane potential.

3. Oscillatory pattern of transport processes across
the excitable cell membrane

The obtained results reported in this paper point out to the fact that oscil-
lations of the membrane potential occur under certain conditions (Figures
1—4, Tables 2—5). Furthermore, a possible dependence of the membrane po-
tential on different forms of ion transport processes across the excitable cell
membrane is indicated. Therefore, based on the results and discussion, as well
as, on our gained knowledge, we propose the following hypotheses:

— Oscillations of the membrane potential occur when the plant cell and
thereby the cell membrane is excitable. As a rule, the excitable cell membrane
is accompanied by unstable activities of ions: K+, Na+ and Cl— that are no mo-
re constant in cell phases: vacuole, cytoplasm and cell wall (V o r o b l j e v et
al, 1968, R a d e n o v i ã, 1983, 1985a, 1986, 1998, 2001).
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Schematic drawing of NH4Cl ion oscillatory transport across the excitable cell membrane (B)



— When the excitation of the cell membrane is produced by NH4Cl con-
centrations, proteins oscillate in the cell membrane and rhythmically perform
ion (Cl— and NH4) transport processes across the excitable cell membrane in
the oscillatory regimes of the membrane potential (Figure 1—4). In such a sta-
te, ion (Cl— and NH4) transport processes become cooperative by which con-
formational-functional changes of active ion channels that spread and contract
are induced (in the oscillatory regime) and in such a way rhythmically change
total transport processes.

— The occurrence of oscillations of the membrane potential and ion (Cl—

and NH4) transport processes across the excitable cell membrane inevitably
produce oscillations in cell supply in energies: chemical, osmotic and electric.
Likewise, the dependence of transport processes and the metabolism becomes
oscillatory. This especially relates to oscillatory processes of autoregulation
within the plant cell.
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Rezime

U ovom radu daju se rezultati tipiånih klasa oscilacija membranskog po-
tencijala, koje su izazvane pobuðivawem ãelijske membrane slatkovodne alge Ni-
tella, sa razliåitim koncentracijama rastvora NH4Cl. Utvrðeno je postojawe åe-
tiri klase oscilacija membranskog potencijala, više razliåitih pojedinaånih
i lokalnih impulsa, koji se javqaju u ritmu. Poznato je da su procesi oscilo-
vawa membranskog potencijala u direktnoj zavisnosti od oscilatornih tran-
sportnih procesa NH4 i Cl jona kroz pobuðenu ãelijsku membranu. Oscilatorni
procesi kroz ÿivu ãelijsku membranu, izazvani NH4 jonom, imaju specifiåne
parametre: duÿina trajawa oscilacije, broj impulsa u oscilaciji, intenzitet
amplitude, frekvencija, faktor prigušewa i drugi, u poreðewu sa oscilator-
nim procesima izazvanim drugim monovalentnim katjonima. Predloÿena je hi-
poteza moguãeg mehanizma oscilatornog naåina transporta NH4 i Cl jona kroz
pobuðenu ãelijsku membranu.
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GENETIC EQUILIBRIUM IN CHEILOSIA VERNALIS
POPULATIONS (DIPTERA: SYRPHIDAE)

ABSTRACT: Genetic equilibrium of polymorphic enzyme loci from four natural po-
pulations of Cheilosia vernalis (F a l l é n, 1817) was tested. The study populations were
from different regions of the Balkan Peninsula: Mediterranean area (Morinj, Montenegro:
CVMOR), low mountain in the Pannonian plain (Fruška Gora, Serbia: CVFG), and two
high Dinaric mountains (Durmitor, Montenegro: CVDUR; and Kopaonik, Serbia: CVKOP).
Out of twelve enzyme loci analyzed for genetic variability, only four to six were polymorp-
hic in the studied populations. For those loci, the observed and expected values of genotype
frequencies were compared with chi-square goodness-of-fit tests. Analysis of deviations of
phenotypic classes from Hardy-Weinberg equilibrium revealed significant differences at
polymorphic loci of all populations except in CVKOP. This implied possible important in-
fluence of evolutionary mechanisms such as low migration rates, population substructuring
and natural selection in creation and maintenance of genetic variability.

KEY WORDS: allozyme, Cheilosia vernalis, Hardy-Weinberg equilibrium, Syrphidae

INTRODUCTION

For a species, evolution involves changes in the genetic makeup of a po-
pulation from generation to generation. Thus, genetic variability of populations
is a measure of the evolutionary potential of species. Assessing independence
of alleles within loci, Hardy-Weinberg equilibrium (HWE), has been an objec-
tive of evolutionary biology. Nonindependence is a starting point for determi-
ning what forces are responsible for variation and changes in allele frequencies
(S h o e m a k e r et al., 1998). The HWE departures may be caused by any of
the factors that promote differential reproduction. Some factors related to po-
pulation genetics are: small population size that makes a population suscepti-
ble to random genetic drift, non-random mating in subdivided or fragmented
populations, differential selection, mutations, and/or biological factors, inclu-
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ding differences in allele frequencies between sexes, age classes or year clas-
ses (R i c h a r d s o n et al., 1986; P a s t e u r et al., 1988).

One of the most intriguing hoverfly taxa is the genus Cheilosia, which is
among the most diverse genera of the Palaearctic Syrphidae (V u j i ã, 1996),
with over 400 Palaearctic species (V u j i ã, 1992), 175 of which are European
(S p e i g h t, 2003). Cheilosia larvae are phytophagous or fungivorous, and it
has been hypothesized that adaptive radiation at the larval stage gave rise to
numerous cryptic and polytypic species (V u j i ã, 1996). Determination of
Cheilosia species is difficult and often inconsistent (S p e i g h t, 2003) and the
taxonomic status of many Cheilosia species remains uncertain. One such spe-
cies is Cheilosia vernalis, a member of the melanura group (V u j i ã, 1996),
which has been the subject of scientific debate ever since its description. Great
variation of the morphological traits and distinct seasonal dimorphism (V u j i ã,
1992) spurred the taxonomic controversy, which resulted in 7 synonyms for
C. vernalis (P e c k, 1988).

Genetic studies of diploid organisms using allozyme electrophoresis are
often based on co-dominant alleles at autosomal loci. Analysis of hierarchical
organization and spatial and temporal variation of taxa by electrophoresis is a
reliable and commonly used technique for quantifying the genetic variability
of populations. Thus far, the study of genetic variation in C. vernalis populati-
ons from the Balkan Peninsula was based on the nuclear allozyme gene (M i -
l a n k o v et al. 2002a, 2002b) and mitochondrial DNA (mtDNA) sequence
data (S t ‹ h l s et al., unpublished). These data revealed a large spatial varia-
tion of genotype and allelic frequencies at allozyme loci (M i l a n k o v et al.,
2002a), strong influence of low migration rates and population substructuring
( M i l a n k o v et al., unpublished), and likely presence of cryptic taxa (M i -
l a n k o v et al., unpublished; S t ‹ h l s et al., unpublished). Yet, potential
factors responsible for the genetic divergence of the conspecific populations
have not been determined.

Understanding the molecular basis of adaptation and quantified genetic
variation in populations of C. vernalis elicited further research. The goal of
this paper was to analyze the gametic equilibrium in populations of C. vernalis
from the Balkan Peninsula, and try to elucidate potential factors driving the
change in genotype frequencies of the studied populations.

MATERIAL AND METHODS

Sample collection

Samples of the species Cheilosia vernalis were collected from four re-
gions of the Balkan Peninsula (population code and number of collected speci-
mens in parenthesis): Mediterranean area (Morinj, Montenegro — CVMOR: 46
specimens), hilly area of the Pannonian plain (Fruška Gora, Serbia — CVFG:
26), and two high Dinaric mountains (Durmitor, Montenegro — CVDUR: 34,
and Kopaonik, Serbia — CVKOP: 6). These regions span a variety of biomes,
from intermixed evergreen Mediterranean maritime woodlands, and maquis
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(Morinj); isolated deciduous woodlands on the slopes of a low mountain (Fru-
ška Gora); to deciduous woodlands at low altitudes (up to 700 m), coniferous
boreal woodlands at higher altitudes and alpine and high rocky pastures and
snow patches in the highest zone on the mountain peaks of the two Dinaric
mountains (Kopaonik and Durmitor). A more detailed description of the col-
lection sites is given in M i l a n k o v et al. (2002a).

Allozyme analysis

Twelve isozyme loci (for details see M i l a n k o v et al., 2002a) were
analyzed using 5% polyacrylamide gel electrophoresis according to M u n -
s t e r m a n n (1979) with slight modifications (M i l a n k o v, 2001).

Extracts from different body regions were used for electrophoresis depen-
ding on metabolic function and regional distribution of an enzyme (head in
0.10 ml of loading buffer: FUM, HK, IDH, MDH, PGM; thorax in 0.15 ml lo-
ading buffer: GPD, GPI, HK, IDH, SOD). Insect specimen electrophoresis was
performed in the same gel for direct interpopulation comparison. Loci were
numbered and alleles marked alphabetically with respect to increasing anodal
migration.

Analysis

Genotype frequencies were obtained by direct genetic interpretation of
bands on gels. Genetic interpretation was done using Mendel's rule of inheri-
tance of codominant genes. Genetic variation was analyzed using the computer
program BIOSYS-2 (S w o f f o r d and S e l a n d e r, 1981, modified by B l a c k,
1997).

Chi-square goodness-of-fit test was performed using the observed and ge-
notype frequencies expected under the Hardy-Weinberg equilibrium. Expected
genotype frequencies were adjusted by Levene's coefficient for small samples
(L e v e n e, 1949). When more than two alleles were observed at a locus, ge-
notypes were pooled into three classes (all alleles except the most common
one were treated as a single allele) and tested again. Three genotypes classes
were calculated: (1) homozygotes for the most common allele, (2) heterozygo-
tes for the most common allele and one of the other alleles and (3) all other
genotypes.

RESULTS

Twenty eight alleles were identified at 12 analyzed loci (M i l a n k o v et
al., 2002a). However, only four (CVMOR) to six loci (CVFG) were polymorp-
hic in the studied populations (CVDUR and CVKOP had 5) (M i l a n k o v et
al., 2002a). The results of the chi-square tests for deviations of observed ge-
notypes from expected are summarized in Table 1.
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Table 1. �2 statistic (degrees of freedom in parentheses) for deviation from Hardy-Weinberg
equilibrium at polymorphic loci in four natural populations of Cheilosia vernalis. Levels of signi-
ficance: *** = significant at P � 0.001, ** = significant at P � 0.01, or NS = P � 0.05

Locus# CVMOR CVDUR CVKOP CVFG

Gpi 76.73 (3)
***

29.67 (3)
***

1.97 (3)
NS

35.31 (6)
***

Had 0.00 (1)
NS

10.73 (6)
NS

0.00 (1)
NS

7.31 (3)
NS

Hk-2, Hk-3 25.11 (1)
*** — — —

Idh-2 — 0.00 (1)
NS — 0.00 (1)

NS

Mdh-1 — 31.01 (1)
***

2.33 (1)
NS —

Mdh-2 — — 4.02 (1)
**

20.51 (1)
***

Pgm — 43.51 (6)
***

4.70 (3)
NS

34.73 (3)
***

Sod-1 — — — 0.00 (1)
NS

— denotes that a locus was monomorphic in the studied population;
#Gpi (glucose phosphate isomerase; E.C. 5.3.1.9), Had (2-hydroxy acid dehydrogenase; E.C.
1.1.99.6); Hk-2, Hk-3 (hexokinase; E.C. 2.7.1.1), Idh-2 (isocitrate dehydrogenase; E.C. 1.1.1.42),
Mdh-1, Mdh-2 (malate dehydrogenase; E.C. 1.1.1.37), Pgm (phosphoglucomutase; E.C. 2.7.5.1),
Sod-1 (superoxide dismutase; E.C. 1.15.1.1)

Analysis of deviation of pooled phenotype classes from the equilibrium,
for populations with degrees of freedom larger than one, revealed that the loci
Pgm and Had were in disequilibrium in CVKOP and CVFG, respectively
(Tab. 2).

Table 2. �2 statistic (degrees of freedom in parenthesis) for deviation from Hardy-Weinberg
equilibrium of pooled phenotype classes in the populations of Cheilosia vernalis. Levels of signi-
ficance: *** = significant at P � 0.001, ** = significant at P � 0.01, or NS = P � 0.05

Locus# CVMOR CVDUR CVKOP CVFG

Gpi 43.57 (1)
***

19.79 (1)
***

0.86 (1)
NS

19.18 (1)
***

Had — 0.55 (1)
NS — 8.15 (1)

**

Pgm — 26.43 (1)
***

3.22 (1)
**

26.05 (1)
***

#Gpi (glucose phosphate isomerase; E.C. 5.3.1.9), Had (2-hydroxy acid dehydrogenase; E.C.
1.1.99.6); Pgm (phosphoglucomutase; E.C. 2.7.5.1)
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DISCUSSION

At the Gpi locus, the studied populations of C. vernalis had the hete-
rozygous combination characteristic for other syrphid populations, with „slow"
and „fast" allelomorph (M i l a n k o v, 2001). Apart from a few populations in
genus Merodon, in all hoverflies populations surveyed so far the genotype pro-
portions for the Gpi locus showed statistically significant departures from the
expectations of the Hardy-Weinberg equilibrium (M i l a n k o v, 2001; L u -
d o š k i, 2002). Possible cause for the deviation of genotype frequencies from
the expected values at the Gpi locus might be the presence of a lethal recessi-
ve allele, differential survival due to selection pressure against the „slow" ho-
mozygotes, or inability to detect the activity of the allozyme coded by alleles
in the homozygous combination. Significant deviation of the observed ge-
notype frequencies from the expected at Mdh-2 locus in the CVKOP popula-
tion might be due to the presence of a cryptic taxon with specific combination
of genotypes Gpia/a and Mdh-2c/c (M i l a n k o v et al., 2002a). In popula-
tion-genetic analysis it is very important to consider effects of random drift,
especially in the case of small populations which are more likely impacted by
changeable environment factors, like populations of C. vernalis. Temporal va-
riation between samples collected in different years was observed in the
CVMOR population. Unstable genetic structure registered in the small, isola-
ted CVMOR population could be an indicator of possible bottleneck events
(severe reduction of population size), or selection „against" certain alleles
(= phenotypes) during a certain period of activity. Additionally, during the
short period of adult activity (only a few days) in 1995, 1996 and 1997 in
CVFG, only very small numbers of active adults were registered, probably due
to the high mortality, caused by sudden changes in temperature. We could as-
sume that the weather conditions may have caused a significant decrease of
the effective population size (M i l a n k o v et al., 2002a).

Excess homozygosity, indicated by the high values of the Wright's Fix-
ation index (Fis; W r i g h t, 1951) and Selander's D coefficient (S e l a n d e r,
1970) was observed in all populations at all loci, except at Had in CVMOR
and CVKOP, Idh-2 in CVDUR and CVFG and Sod-1 in CVFG (M i l a n -
k o v et al., 2002a). It could be hypothesized that heterozygote deficiency at
the majority of analyzed loci was caused by non-random mating within spati-
ally fragmented populations, small effective population size (including effect
of random process), disruptive selection, the impact factor in origins, and ma-
intenance of genetic polymorphism of species, common for species that use
the environment in roughly granulated form.

In a previous study of population-genetic structure of four populations of
C. vernalis, genetic differentiation was quantified using Wright's Fst coeffi-
cient (W r i g h t, 1951) and Nei's genetic distance (N e i, 1978). A correlation
between standardized allelic frequencies (Fst) and both geographic and genetic
distance were observed. Furthermore, the analysis of genetic differentiation ba-
sed on the allelic frequencies revealed that the occurrence of genetic changes
during independent evolution of conspecific populations was not equal at all
loci. This implies that the influence of gene flow, historical effects and genetic
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drift were probably not important in genetic divergence. Contrary to this, dif-
ferent selective pressures on the individuals of the analyzed populations were
probably a dominant mechanism of the genetic differentiation (M i l a n k o v et
al., unpublished). Moreover, geographic distribution of the genotypes at Gpi,
Had, Idh-2, Mdh-2, Pgm and Sod-1 loci were recorded. Spatial variation was
observed by registered major, rare, unique alleles and heterozygote genotypes
(M i l a n k o v et al., 2002a).

In order to understand the adaptive relevance of the observed genetic
polymorphism in populations of C. vernalis linkage disequilibrium was ana-
lyzed. The analysis of the allelic association of nine polymorphic loci in the
spatially fragmented population of C. vernalis, the high percent of linkage al-
leles, ranging from 60% to 75%, was recorded. These results suggested that
low migration rates, population substructuring and natural selection highly in-
fluenced the genetic divergence among the conspecific populations (M i l a n -
k o v et al., unpublished).
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GENETIÅKA RAVNOTEŸA U POPULACIJAMA VRSTE
CHEILOSIA VERNALIS (DIPTERA: SYRPHIDAE)
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* e-mail: vesnam@ib.ns.ac.yu

Rezime

U radu je analizirana genetiåka ravnoteÿa polimorfnih enzimskih lokusa
åetiri populacije vrste Cheilosia vernalis (F a l l é n, 1817). Analizirane popula-
cije vode poreklo iz åetiri razliåita regiona Balkanskog poluostrva: medite-
ranske oblasti (Moriw, Crna Gora: CVMOR), niske planine Panonske nizije
(Fruška gora, Srbija: CVFG), i dve visoke planine Dinarida (Durmitor, Cr-
na Gora: CVDUR; i Kopaonik, Srbija: CVKOP). Od 12 analiziranih enzimskih
lokusa åetiri do šest je bilo polimorfno. U polimorfnim lokusima su upore-
ðene izraåunate i oåekivane vrednosti genotipskih frekvencija �2 testom. Ana-
lizom odstupawa fenotipskih klasa od oåekivanih vrednosti prema Hardi-
-Vajnbergovom principu utvrðeno je znaåajno odstupawe u svim polimorfnim
lokusima svih populacija osim u CVKOP populaciji. Rezultati upuãuju na ve-
rovatan uticaj evolucionih mehanizama kao što su smaweni protok gena, popu-
laciona strukturiranost i prirodna selekcija u kreirawu i odrÿavawu gene-
tiåke varijabilnosti.
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BIOTIC INDICES TO BE USED FOR ASSESSMENT
OF ICHTHYOFAUNA STRUCTURE OF THE ZAPADNA

MORAVA RIVER (WEST SERBIA, THE DANUBE BASIN)

ABSTRACT: The presence of 25 fish species from 8 families was found to exist in
the ichthyofauna of the Zapadna Morava river (the Danube basin, West Serbia) in the pe-
riod from 1996—1999. The structure of the fish community was analysed using a substan-
tial number of indices (Shannon's index � — diversity, Margalef's index of diversity, So-
rensen's index of biotic similarity and Saprobic index of community). Qualitative-quantita-
tive relationships in the ichthyofauna of the 4 river and one lake profiles were compared,
too. High differences due to diversity in the general environmental conditions existing in
the individual habitats were also established. An excessively high antropogenous impact on
the diversity of aquatic ecosystems gave rise not only to a deteriorated water quality, but
also to an abundance of the allochthonous ichthyofauna representatives.

KEY WORDS: Zapadna Morava, ichthyofauna, analysis, information indices

INTRODUCTION

Biological monitoring of the surface water courses has had a tradition for
more than one century. At first, the experiences gained from utilisation of the
aquatic organisms in bioindication were only haphazard to become more syste-
matic later. The formation of saprobic systems, i.e. their classification depen-
ding on the degree of their presence in the waters being unevenly organic pol-
luted, has completed biological monitoring to the highest possible level so far.
Saprobic systems were elaborated in large numbers after the World War II
( P a n t l e and B u c k, 1955; Z e l i n k a et al., 1959; L i e b m a n, 1962),
but the fullest one was attained by S l a d e c e k (1973). When assessing the
aquatic environment quality, this as well as the other saprobic systems worked
out by O r t e n n d o r f e r and H o f r a t (1983) have had the saprobic indi-
ces which include all the categories of hydrobionts along with fish. However,
saprobic indices for the ichthyofauna have not been developed fully because
the saprobic valences for all the freshwater fish have not been determined yet,
so that neither the species indicative of the higher degree of organic pollution
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(for polysaprobity) exist, nor the saprobically evaluated ones originating from
the areas other than this, i.e. the allochthonous species (M a r k o v i ã, 1996).

In addition to saprobic indices, the ichthyofauna structure of a particular
watercourse may be analysed using a higher number of information indices
( R i c k e r 1975), thereby enabling the comparison of the qualitative-quantita-
tive relationships between the populations in the individual sectors of the same
ecosystem, as well as the considerations to be made on the alteration trend of
this outstandingly dynamic component of aquatic biocenoses.

MATERIAL AND METHODS

Hydrobiological researches of the Zapadna Morava river were carried out
in the period from 1996—1999. The 298 km long Z. Morava river represents
one of the bigger tributaries of the Danube on the territory of Serbia. Ichthyo-
logical material was collected from 4 river profiles — Kratovska Stena (206
km of the river watercourse), Åaåak (171 km), Kraljevo (104 km) and Jasika
(20.5 km), as well as from the reservoirs Meðuvršje (HE dam being at 182 km
of the river course).

The fish were sampled by means of nets of different dimensions (from 1
x 1m to 50 x 2 m with mesh size 10 x 10 mm to 75 x 75 mm) with various
fishing ancillaries being used. Identification of the samples caught was made
by following the standard methods (V u k o v i ã and I v a n o v i ã, 1971; L a -
d i g e s and V o g t, 1979; W h e e l e r, 1983).

Shannon's index � — diversity (H) (K r e b s, 1994) was also determined:
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where ni stands for the number of individuals of one species, N for the total
number of individuals of all the species and Ln — for natural logarithm.

The diversity of the fish communities of single profiles was assessed
using the Margalef's index of diversity (M a r g a l e f, 1958):

d
S
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S — the total number of species, LnN — the natural logarithm of the total
number of the individuals being caught.

Sorensen's index of biotic similarity (S) (S o r e n s e n, 1948) was used
for comparing the composition of the fish habitats within the profiles being
sought:
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where a stands for the number of fish species of the one profile, b stands for
that of species of the other profile and c being the number of species common
to both profiles.

Saprobic index of community (S) S l a d a c e k 1973 was determined on
the basis of qualitative and quantitative composition and saprobic values of the
individual species according to the formula, as follows:

S
s h

h
	

��
�

s — saprobic value of the species (S l a d a c e k, 1973),
h — relative abundance of the species (P a n t l e - B u c k, 1955).

RESULT AND DISCUSSION

The ichthyofauna of the Zapadna Morava comprised 25 fish species from
8 families in the period from 1996—1999 (M a r k o v i ã, 2002). The dominant
family was Cyprinidae with 17 species (68%), Percidae with 2 species (8%),
while those of Siluridae, Esocidae, Cobitidae, Balitoridae, Centrarchidae and
Ictaluridae were monotypic. The family Cyprinidae dominated with its indivi-
dual presence, so that of the entirely 4151 caught specimens, 3710 (90.67%)
accounted for this family (Fig. 2). In terms of ichthyofaunitical components,
the analysed sector of the Z. Morava river may be characterised as the water-
course of the C y p r i n i d a e character.

In addition to 21 autochthonous, 4 allochthonous (introduced) species, i.e.
Carassius auratus gibelio and Pseudorasbora parva (originating from the Far
East) and North American ones Lepomis gibbosus and Ictalurus nebulosus
were also established in the fish community.
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Quantitatively, Alburnus alburnus accounting for 20.72% of the total
catch (Tab. 1) was remarkably abundant. Thus, this species was revealed to
have a high adaptibility to the worsened environemental conditions, domina-
ting in all the profiles of the Z. Morava. A highly high abundance revealed
Chondrostoma nasus to account for 10.79%, Leuciscus cephalus (10.48%) and
Rutilus rutilus (9.47%) of a subdominant rank each. Also, Carassius auratus
gibelio (6.63%) and Abramis brama (5.23%) were visibly abundant. The 6
species we have been concerned above account for 63.32% of the total sam-
pled ichthyological material.

Tab. 1. The Zapadna Morava Ichthyofauna Composition in the Period from 1996—1999

T a x o n
K. Stena Åaåak Kraljevo Jasika Meðuvršje TOTAL

No. % No. % No. % No. % No. % No. %

C Y P R I N I D A E

Albumus albumus
(Linnaeus, 1758) 85 23.88 103 13.15 117 18.40 75 14.42 480 25.86 860 20.72

Albumoides bipunctatus
(Bloch, 1782) 22 8.33 87 11.11 33 5.19 25 4.81 — — 177 4.26

Abramis brama
(Linnaeus, 1758) — — 33 4.21 27 4.24 22 4.23 135 7.27 217 5.23

Abramissapa
(Pallas, 1811) — — — — — — 19 3.65 10 0.54 29 0.70

Barbusbarbus
(Linnaeus, 1758) 42 11.80 52 6.64 21 3.30 42 8.07 25 1.35 182 4.38

Barbus peloponnesius
(Valenciennes, 1844) 12 3.37 41 5.24 47 7.39 29 5.58 — — 129 3.11

Carassius auratus
gibelio (Bloch, 1783) — — 20 2.55 11 1.73 32 6.15 212 11.42 275 6.63

Chondrostoma nasus
(Linnaeus, 1758) 27 7.58 59 7.53 66 10.38 39 7.50 257 13.85 448 10.79

Cyprinus carpio
(Linnaeus, 1758) — — 39 4.98 12 1.88 17 3.27 37 1.99 105 2.53

Aspius aspius
(Linnaeus. 1758) — — 42 5.36 6 0.94 3 0.58 12 0.65 63 1.52

Gobio gobio
(Linnaeus. 1758) 45 12.64 50 6.38 38 5.97 19 3.65 10 0.54 162 3.90

Leuciscus cephalus
(Linnaeus, 1758) 42 11.80 99 12.64 71 11.27 69 13.27 154 8.30 435 10.48

Pseudorasbora parva
(Schlegel, 1842) — — 7 0.89 15 2.36 32 6.15 120 6.46 174 4.19

Rhodeus sericeus
amarus (Pallas, 1776) — — 10 1.28 — — — — 50 2.70 60 1.44

Rutilus rutilus
(Linnaeus, 1758) 31 8.71 52 6.44 93 14.62 42 8.07 175 9.43 393 9.47

Tinea tinea
(Linnaeus, 1758) — — 2 0.25 2 0.31 2 0.38 5 0.27 11 0.27

Vimba vimba
(Linnaeus, 1758) — — 27 3.44 11 1.73 7 1.34 — — 45 1.08
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S I L U R I D A E

Silurus glanis
(Linnaeus, 1758) — — 6 0.77 4 0.63 7 1.34 12 0.65 29 0.70

E S O C I D A E

Esox lucius
(Linnaeus, 1758) 1 0.28 10 1.28 3 0.47 6 1.15 11 0.59 31 0.74

C O B I T I D A E

Cobitis taenia
(Linnaeus, 1758) — — 1 0.13 6 0.94 — — 2 0.10 9 0.22

B A L I T O R I D A E

Barbatula barbatula
(Linnaeus, 1758) 27 7.58 5 0.54 — — — — — — 32 0.77

P E R C I D A E

Perca fluviatilis
(Linnaeus, 1758) 12 3.37 25 3.19 31 4.87 22 4.23 92 4.95 182 4.38

Zingel zingel
(Linnaeus, 1766) — — 1 0.13 — — — — — — 1 0.02

C E N T R A R C H I D A E

Lepomis gibbosus
(Linnaeus, 1758) — — 9 1.15 22 3.46 11 2.16 30 1.62 72 1.73

I C T A L U R I D A E

Ictalurus nebulosus
(Le Suer, 1819) — — 3 0.38 — — — — 27 1.45 30 0.72

T O T A L 356 8.58 783 18.86 636 15.32 520 12.53 1856 44.71 4151 100.00

Increasing presence of the allochthonous fish species accounitng for 13.27%
of the total ichthyofauna is doubtless by being particularly pronounced in the
Meðuvršje reservoir. The high presence of these undesired members of the fish
community is endangering the viability of the autochthonous species. Hyper-
production of these fish species was noticed, contrasting a decreased number
of the commercially more valued species (Cyprinus carpio, Silurus glanis and
Esox lucius) altogether accounting for 3.97% the ichthyofauna of the sector
studied. The disturbed relationships in the fish community structure are corro-
borated by a scarce presence of the obligatory predator species (E. lucius, S.
glanis and Aspius aspius) — the total of 2.96% of the ichthyofauna being pre-
sent.

As far as the fish community of the KRATOVSKA STENA profile is
concerned, 11 species from 4 families were revealed, with highly dominating
A. alburnus (23.88% of the total ichthyofauna presence), Gobio gobio accoun-
ting for 12.64%, L. cephalus and Barbus barbus accounting for 11.80%. The
profile ichthyofauna diversity has been reduced by permanently polluted up-
stream watercourses (Ðetinja, Moravica and Bjelica), as well as by the presen-
ce of HE plant Ovåar Banja thwarting the upstream migrations of the fish.
Along with the dominance of A. alburnus, a relatively high abundance of the
Barbus strain representatives and of those appearing abundantly in the water-
course of high and transitory type (Alburnoides bipunctatis, G. gobio and Bar-
batula barbatula) renders the profile ichthyofauna a barbel-cyprinidae charac-
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ter. A low diversity of the species and individual presence led to the lowest
values a — diversity (2.1666) and Margalef's diversity index (1.7022) in the
ecosystem under way.

The profile ÅAÅAK comprises the most diversified fish community with-
in the whole sector. Thus, 24 fish species were evidenced. By their number, A.
alburnus (13.15%), L. cephalus (12.64%) and A. bipunctatus (11.11%) were
found to be dominant. The high ichthyofauna diversity (the values � diversity
of 2.7415 and diversity index of 3.4518) was favoured by habitat diversity
enabling the survival of a higher number of the stagnophilous and reophilous
species. Nevertheless, the ichthyofauna composition was not eligible due to
domination of young individuals of the predators whose trophic range did not
limit the hyper-production of trash fish. The best continuity attained with the
ichthyological monitoring of this profile deserves mention.

The ichthyofauna of KRALJEVO was found to consist of 20 species, the
most abundant being A. alburnus (18.40%), succeeded by R. rutilus (14.62%),
L. cephalus (11.27%) and Ch. nasus (10.38%). A markedly more stable hydro-
logical regimen, better water quality and a more developed macrozoobenthos
community favoured the conditions of the ichthyofauna viability compared to
the majority of other river profiles. The values of index � — diversity (2.5645)
and of diversity index (2.9434) were lower compared to those in the previou-
sly depicted profile.

The profile JASIKA is inhabited by 20 fish species, with the dominance
of A. alburnus (14.42%) and L. cephalus (13.27%). The local ichthyofauna
composition was found to affected by the hydrological regimen and the Ibar
river water quality. In addition, the profile ichthyofauna could merge with the
fish assemblages of adjacently located watercourses of Rasina and Velika Mo-
rava. An approximated number of higher number of the species was on behalf
of higher values � diversity (2.7197) and diversity indices (3.0382).

In the MEÐUVRŠJE reservoir, the presence of 20 fish species from 7 fa-
milies was evidenced. The dominance of A. alburnus (25.86%) was profound,
the subdominant species being Ch. nasus (13.85%) and C. auratus gibelio
(11.42%). Eutrofication of the lake ecosystem favoured „trash" fish. A steady
increase in the number of allochthonous species was observed, accounting for
20.45% of the profile ichthyofauna. On the other hand, obligate predators ap-
peared in scarce number (only 3.23%) of the caught fish. The decline in num-
ber of this, commercially more valued species (C. carpio accounting for 1.99%
of the ichthyofauna number), favours deterioration of the environmental condi-
tions in the reservoir. This is also substantiated by an excessive catch during
the spawn and other periods, despite fish care service. Originally reophilous
species showing high adaptibility to this slowly flowing ecosystem, Ch. nasus
and L. cephalus, were found in large numbers in the profile.

Diversity and spatial distribution of the sector ichthyofauna was highly
variable. The lowest number of the species and that of the individuals sampled
in the profile Kratovska Stena brought about the lowest diversity of the fish
community (Shannon's and Margalef's index). The highest number of the spe-
cies and the highest ichthyofauna diversity was observed in the profile Åaåak.
The remaining two river profiles (Kraljevo and Jasika) indicated likeness in

34



the number of registered fish species and similarity of the diversity indices va-
lues. The highest number of the individuals (the absence of some reophilous
species) brought about the lower values of the indices found (Tab. 2).

Tab. 2. The fish habitat diversity of the analysed Z. Morava sector

P r o f i l e No. species Shannon's index � —
diversity (H)

Margalef's index
of diversity (d)

Kratovska Stena 11 2.1666 1.7022

Åaåak 24 2.7415 3.4518

Kraljevo 20 2.5645 2.9434

Jasika 20 2.7197 3.0382

Meðuvršje 20 2.3536 2.5245

Such trends also hold true for biocenotic similarity of the fish community
(Tab. 3). The lowest biocenotic similarity was registered between the fish
community of Kratovska Stena and that of Åaåak (0.6286), as well as between
the profiles of Kratovska Stena and the remaining ones (0.6452). A scarce di-
versity of the profile ichthyofauna resulted from the habitat general environ-
mental conditions and local population detachment. Biocenotic similarity among
the remaining river profiles was high (from 0.8182 to 0.9500) benefited by un-
disturbed migrations. A high biocenotic similarity characterised the ichthyofau-
na of both Meðuvršje and other river profiles (0.8182—0.8500).

Tab. 3. Biocenotic similarity of the Zapadna Morava river ichthyofauna (Sorensen)

P r o f i l e K. Stena Åaåak Kraljevo Jasika Meðuvršje

K. Stena 0.6286 0.6452 0.6452 0.6452

Åaåak 0.6286 0.9090 0.8636 0.8182

Kraljevo 0.6452 0.9090 0.9500 0.8500

Jasika 0.6452 0.8636 0.9500 0.8500

Meðuvršje 0.6452 0.8182 0.8500 0.8500

The qualitative-quantitative analysis made of the fish habitat composition
of the Z. Morava sector under way and the knowledge of saprobic values of
the individual species enabled calculation of the ichthyofauna saprobic indices
(Fig. 2). Saprobic indices of the river profiles were found to be in a narrow
range from 1.95 to 1.99. Somewhat higher values were recorded in the profile
of the Meðuvršje reservoir (2.06) as a consequence of an abundance of stag-
nophilous species characterised by a higher saprobic value. The recorded valu-
es of saprobic indices were within the bounds of betamesosaprobity, but lower
than those recorded for the plankton community.

Among the factors causing an unfavourable ichthyofauna structure of the
analysed Z. Morava sector, deteriorated water quality, regulated river bed, ne-
gligence in river bottom exploitation, non-periodical work of the Meðuvršje
HE plant and turbulent water flow release, followed by an uncontrollable catch
of the fish species, an inexpert and often haphazard fish planting deserve men-
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tion. Some non-commercially valued species have proved a good adaptability
to the worsened ecological conditions and are expanding at the cost of a decre-
ased predator number. The high diversity of ichthyofauna of the single profiles
is not only favoured by the abundantly increased species being adapted to or-
ganic pollution, but also by an increasing number of the allochthonous species
whose viability is endangering the autchthonous ichthyofauna of the Z. Mora-
va, thereby even more deteriorating the general hydrobiological conditions of
the ecosystem.

CONCLUSIONS

Over the period from 1996—1999, the presence of 25 fish species from 8
families was established in the ichthyofauna of the Zapadna Morava river (the
Danube basin, West Serbia). The fish community structure was analysed fol-
lowing a larger number of information indices. Qualitative-quantitative relati-
onships pertaining to the four river and one lake profiles were also compared.
The differences which had resulted from the diversity in the general environ-
mental conditions of the individual habitats were visible. Lastly, a huge antro-
pogenous impact on this component of the aquatic ecosystem was revealed in
terms of considerably deteriorated water quality and highly abundant alloch-
thonous ichthyofauna species.

REFERENCES

K r e b s, C. J. (1994): Ecology, The Experimental Analysis of Distribution and Abun-
dance, 4th Edition. Harper Collins College Publishers. P.P.

L i e b m a n, H. (1962): Handbuch der Frishwasser und Abwasserbiologie, Bd. 1, 2,
Aufll. Fisher Verl., Jena, P.P.

M a r g a l e f, F. (1958): Information Theory in Ecology, Gen. Syst., 3. P.P.
M a r k o v i ã, G. (1996): Uloga riba (ihtiofaune) pri oceni kvaliteta vodene sredine,

Ecologica, 12, 14—17

36

Fig. 2. Saprobic indices of the Zapadna Morava ichthyofauna (1996—1999)



M a r k o v i ã, G. (2002): Uporedna ispitivanja najvaÿnijih ekoloških obeleÿja vrste Leu-
ciscus cephalus L. reke Zapadne Morave i akumulacije Meðuvršje, Doktorska di-
sertacija, Univerzitet u Beogradu, Beograd, P.P.

O r t e n n d o r f e r, J., H o f r a t, V. (1983): Leitragezur Gewasserforschung, Stuttgart,
P.P.

P a n t l e, R., B u c k, H. (1955): Die biologishe Überwachung der Gewasser und die
Darstellung der Ergebnisse, Gas und Wasserfach 96. P.P.

R i c k e r, W. E. (1975): Computation and Interpretation of Biological Statics of Fish
Statistics of Fish Populations (ross. translation), Legka i pijevaja promislennost,
Moskva, P.P.

S l a d e å e k, V. (1973): System of Water Quality from the Biological Point of View,
Archiv für Hydrobiologie 7, Stuttgart, P.P.

V u k o v i ã, T., I v a n o v i ã, B. (1971): Slatkovodne ribe Jugoslavije, Zemaljski mu-
zej BiH, Sarajevo, P.P.

W h e e l e r, A. (1983): Key to the Fishes of Northern Europe (ross. translation), Legka
i pijeva promislennost, Moskva, P.P.

Z e l i n k a, M., M a r v a n, P., K u b i å e k, F. (1959): Surface water purity evalua-
tion, ÅSAV, Opava, P.P.

PRIMENA BIOTIÅKIH INDEKSA U OCENI STRUKTURE
IHTIOFAUNE REKE ZAPADNE MORAVE (ZAPADNA SRBIJA,

DUNAVSKI SLIV)

Goran S. Markoviã, Predrag S. Veqoviã
Agronomski fakultet Åaåak

Univerzitet u Kragujevcu
Cara Dušana 34, 32000 Åaåak, Srbija i Crna Gora

Rezime

U periodu 1996—1999. godine konstatovano je prisustvo 25 vrsta iz 8 fa-
milija u ihtiofauni reke Zapadne Morave (Dunavski sliv, Zapadna Srbija).
Stuktura ribqe zajednice je analizirana primenom veãeg broja informacionih
indeksa (Šenonovog indeksa � — diverziteta, Margalefovog indeksa raznovrs-
nosti, Sorensenovog indeksa biotiåke sliånosti i Saprobnog indeksa zajedni-
ce). Uporeðivani su kvalitativno-kvantitativni odnosi u ihtiofauni 4 reåna
i jednog jezerskog profila. Ustanovqene razlike su uslovqene diverzitetom op-
štih ekoloških uslova pojedinih staništa. Izrazito velik antropogeni uticaj
na ovu komponentu akvatiånih ekosistema, pored pogoršawa kvaliteta vode, po-
sebno je ispoqen u omasovqewu alohtonih predstavnika ihtiofaune.
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HYDRO-GEOLOGICAL PROPERTIES OF THE
SAVIAN AQUIFER IN THE COUNTY OBRENOVAC

ABSTRACT: The paper presents a description of hydrogeological researches of allu-
vial layers of the Sava River in the area of the source „Vic Bare" near Obrenovac. This so-
urce supplies groundwater to that town. The depth of these layers amounts to 25 m. With
regard to collecting capacity, the most significant are gravel-sand sediments of high filtra-
tion properties. Their average depth amounts to about 13 m with the underlying layer made
of Pleistocene clays. Compact aquifer is formed within these sediments and it refills partly
from the Sava River at places where river cuts its channel into the gravel-sand layer. The
analysis of the groundwater regime in the riparian area points out that groundwater levels
follow stages of the Sava River. Such an influence lessens with the distance. Established
hydraulic connection between the river and the aquifer enables its permanent replenishment.
On the other hand, due to certain pollutions this river flow might bring along, it represents
a potential danger. Those pollutions could enter water-bearing layer of the aquifer as well
as the exploitation well of the source. Such presumptions have been confirmed in the
experiment of pollution transport carried out in the water-bearing layer. Unabsorbable chlo-
ride was used as a tracer whose movement velocity through exploitation well proved that
there were real possibilities of intrusion of aggressive pollutants into the water-bearing layer
and into the aquifer as well. Therefore, the protection of the source must be in the function
of the protection of surface waters.

KEY WORDS: aquifer, pollution, protection, river

INTRODUCTION

On the territory of Republic of Serbia, the Sava River makes an extensive
alluvial plain 3—15 km wide and more than 80 km long. Such an extensive
natural amphitheatre enabled the formation of an abundant aquifer, known in
literature as the Savian aquifer. According to hydro-geological researches, allu-
vial formations of this aquifer consist of gravel-sand and sand sediments that
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represent basic collector of the groundwater, while fine-grained and slurry
sands and clays make its roof layer. The depth of the water-bearing layer vari-
es from 12 m to 20 m, sporadically 25 m. This depth lessens with the distance
toward the rim. Gravel-sand sediments, as a collector, have good filtration pro-
perties with the infiltration rate of 10—4 m/s. Water-impermeable clays make
an underlying stratum to these highly water-impermeable formations. Replenish-
ment of the collecting water-bearing layer is carried out by precipitation over
the wide plain and inflow from the groundwater that comes from the rim part,
especially from the north-east and south rim. To some extent, existing irriga-
tion canal network can also provide water to the aquifer.

However, main inflows of the water to this aquifer come from the surface
water of the Sava. The intensity of that inflow depends on the degree of the
cutting of the Sava's channel into gravel-sand sediments. The analysis of the
groundwater regime in riparian area points out that water table follows water
levels of the Sava, while this influence weakens with the distance. Generally,
statical, piezometric groundwater level is 3 m bellow the ground, while in the
zone of exploitation wells dynamic level is 3.5—4.0 m below the surface of
the ground. Significant depth of alluvial formations, favorable filtration charac-
teristics of the water-bearing layer and the way of its replenishment enabled
the occurrence of an abundant groundwater reservoir that is thoroughly in use.
There are 31 tubular and two Ranny wells in the zone of the source „Vic Ba-
re". Their total discharge is 400 l/s. Mutual radius of influence of these wells
is about 150—200 m. After drawing, groundwater is subjected to chlorination,
demanganisation and defferisation in order to be brought into the state of usa-
bility.

MATERIAL AND METHODS

The source „Vic Bare" is the best example for the comprehension of
hydrogeological properties of alluvial formations in this area. It is located
between the Sava River and the village Zabreÿje north of Obrenovac (Figure 1).

With regard to litho-stratigraphy, two significantly characteristic mediums
are distinguished (Figure 2):

— Pleistocene sediments (clay)
— Holocene sediments (gravel-sand sediments laying directly over Plei-

stocene clays)
Pleistocene clays, as water impermeable layers, are significant hydro geo-

logic isolators with the transmission coefficient of 10—7 m/s or less. Holocene
sediments, which have a recipient function, can be divided into two zones:
lower, roughly porous zone consisted of arenaceous gravels and sands of ave-
rage depth 13 m and less porous zone of average depth 4.5 m that consists of
slurry sands and silty and clayey sands that represent roof layer to hydrogeolo-
gical collector. Sediments from the lower zone distinguish with inter-granular
porosity, with the compact type of the aquifer with free flow that is formed
within. Transmission coefficient of the water-bearing layer, calculated in ac-
cordance with granulometric composition, is 2.5—8.5 x 10—4 m/s, while the
value of transmission coefficient, calculated through the experiment, is 5—7 x

40



41

Figure 1. Geographic position of the source Vic Bare

Figure 2. Geologic-lythological profile Misloðin-Obrenovac



10—4 m/s. The average value of the transmission coefficient for the whole Ho-
locene waterbearing complex, calculated on the basis of grain size distribution
curve, is 4.5 x 10—4 m/s. The source „Vic Bare" belongs to the wide Savian
aquifer that replenishes by precipitation over relatively thin roof layer and by
water from the Sava river at the places where the river has cut its channel into
the gravel-sand layer, whereby there has been established good hydraulic con-
nection between surface and underground flow.

With regard to physical properties of these waters, they distinguish with
increased opacity; they are without odour, taste, with pH value of 7.8. Electri-
cal conductivity of these waters is 505.3 �S/cm, while hardness is 17.0° dH.
Their chemical composition is shown in Table 1.

Table 1. Chemical composition of groundwater from source „Vic Bare"

N° Element Content (mg/l)

1 Calcium (Ca++) 86.88

2 Magnesium (Mg++) 60.97

3 Sodium (Na+) 36.42

4 Potassium (K+) 1.07

5 Chlorides (Cl–) 12.00

6 Sulfates (SO4
–) 29.44

7 Nitrates (NO3
–) 0.11

8 Nitrites (NO2
–) 0.00

9 Ammonia (NH4) 1.15

10 Iron (Fe) 1.50

11 Manganese (Mn) 0.22

12 KMnO4 7.90

13 Dry residue 414.00

RESULTS AND DISCUSSIONS

Considering possible accidental pollutions in the Sava River, maintenance
of the quality of the groundwater from this aquifer is a permanent task. Seeing
that the water quality in this river can be worsened by excessive disposal of
waste and industrial waters, it can directly affect the quality of the ground-
water. These intrusions are particularly significant at the places with establis-
hed good hydraulic connection between surface and underground flow. Carried
out experiment on the transport of the pollution within the water-bearing layer
of this aquifer confirmed such a statement (Figure 3). This test was conducted
in situ by direct insertion of the tracer into the water-bearing layer. Unsorbable
chloride was used as a tracer. It was funneled into tentative piezometer P-1
and its transport was controlled at the control piezometer P-2. The test was
carried out under conditions of the exploitation well B-2. The basic task of
this experiment was to determine the dispersion coefficient and sorbic parame-
ters. On the basis of gained values, the dispersion coefficient (D) amounted to
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6.88 x 10—4 m/s, while the velocity of the tracer-pollutant (Vcl) through the
water-bearing layer was 1.76 x 10—3 m/s. Considering the collecting layer of
good filtration properties, where the course of groundwater movement is to-
ward exploitation wells, there is a possibility of transportation of certain pollu-
tants by the groundwater flow into the fields of exploitation wells.

CONCLUSION

Alluvial formations of the Savian aquifer and their properties point out
that they are subject to possible contamination by untreated waste and indu-
strial waters and other spilled pollutants if they are disposed of into the flow
or into the alluvial plain of the Sava River. Therefore, protection of ground-
water must be paid particular attention and care, especially through the zones
of sanitary protection.
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Rezime

U radu se daje prikaz hidrogeoloških svojstava aluvijalnih naslaga reke
Save na podruåju izvorišta „Viã Bare" kod Obrenovca. Iz ovog izvorišta grad
se snabdeva podzemnom vodom. Od aluvijalnih naslaga, åija ukupna debqina iz-
nosi i do 25 m, najznaåajniju kolektorsku ulogu imaju peskovito-šqunkoviti
sedimenti dobrih filtracionih karakteristika. Wihova proseåna debqina iz-
nosi 13 m, sa padinom izgraðenom od pleistocenih glina. U okviru wih je
formiran zbijeni tip izdani, åije se prihrawivawe, jednim delom, vrši i iz
reånog toka Save na mestima gde je reka usekla svoje korito u šqunkovito-pe-
skoviti sloj. Analiza reÿima podzemnih voda u priobalnom pojasu reke Save
ukazuje da nivoi podzemnih voda prate vodostaje Save, da bi sa udaqavawem od
we taj uticaj postepeno slabio. Uspostavqena hidrauliåka veza izmeðu reke i
izdani omoguãuje, sa jedne strane, weno permanentno prihrawivawe, a sa druge
strane predstavqa potencijalnu opasnost da odreðena zagaðewa, koja ovaj reåni
tok moÿe da nosi sa sobom, doðu u izdanski vodonosni sloj, a time i u poqe
eksploatacionog bunara izvorišta. Ove pretpostavke su potvrðene i izvedenim
eksperimentalnim opitom transporta zagaðewa, izvršenim u izdanskom vodo-
nosnom sloju. Kao traser je korišãen nesorbirajuãi hlorid, åija je brzina kre-
tawa kroz eksploataciono poqe pokazala da postoje realne moguãnosti prodora
agresivnog zagaðivaåa u vodonosni sloj, a time i u izvorište. Usled toga za-
štita podzemnih voda mora biti u funkciji i zaštite površinskih voda.
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AEROBIC AND ANAEROBIC INCUBATION —
BIOLOGICAL INDEXES OF SOIL NITROGEN

AVAILABILITY

ABSTRACT: Our researches have been made on brown forest soil that had been used
in long-term experiments set up according to specified fertilization system for over 30
years. We have chosen those experiment variants in which quantities of nitrogen fertilizers
were gradually increased. The soil samples taken from 0 cm to 30 cm depth were used to
determine biological indexes of nitrogen availability (aerobic and anaerobic incubation).
The same samles were also used for pot experiments with oat. Plant and soil parameters ob-
tained in controlled conditions were used for determination of biological indexes reliability
in measuring the soil nitrogen availability. On the grounds of correlation analysis, it can be
concluded that biological index of nitrogen availability achieved by the anaerobic incuba-
tion (without substraction of the initial content of available nitrogen) of the investigated
brown forest soil is the reliable indicator of soil nitrogen availability. That is not the case
with the aerobic incubation in which reliability has not been established.

KEY WORDS: aerobic incubation, anaerobic incubation, biological index, nitrogen,
plant and soil parameters, availability

INTRODUCTION

Biological methods used to determine the soil nitrogen availability index
have been researched and considered to be quite reliable in assessing the soil
nitrogen availability by a number of authors (K e e n e y and B r e m n e r,
1966; O z u s and H a n w a y, 1966; R o b i n s o n, 1968; S t e v a n o v i ã,
1978; C o n f o r t and W a l m s l e y, 1971; G a s s e r and K a l e m b a s a,
1976).

Aerobic incubation is a satisfactory method in assessment of the plant ni-
trogen availability, considering the fact that nitrogen mineralization during in-
cubation is being caused by the same organisms that mineralize nitrogen in the
field. Although this is a good argument, we cannot neglect the fact that the en-
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vironment conditions (humidity, temperature, aeration) that are being monito-
red during mineralization in laboratory do significantly differ from the ones in
the field. Despite the limitations that we mentioned, many researchers have
established that the aerobic incubation procedure can give suitable results
( A l l i s o n and S t e r l i n g, 1949; F i t s et al., 1953; M u n s o n and
S t a n f o r d, 1955; R o b i n s o n, 1968 a, b; S t a n f o r d and L a g g, 1968;
F o x and P i e k i e l e k, 1978; P o w e r, 1980; S t a j k o v i ã, 1990).

In 1964, taking into consideration the mentioned limitations of the aero-
bic incubation, Waring and Bremner suggested a new method called anaerobic
incubation to determine the nitrogen availability index.

This method, in comparison with aerobic method, has the following
advantages:

Only NH4-N content is being estimated, the initial quantity of NO3-N is
lost by denitrification, while further nitrification is completely stopped, bigger
quantity of nitrogen is being developed in a shorter period of time (7 days)
than in an aerobic incubation. That means that this is a faster method, which is
important in routine analyses.

Anaerobic incubation, together with the aerobic one, has been the most
commonly applied procedure among the biological methods used to determine
the nitrogen availability index. The values obtained through these procedures
(NH4-N and NO3-N in aerobic and NH4-N in anaerobic) are most frequently
compared to the plant parameters (yield, N intake or N% in the cultivated
plants), whether the plants have been cultivated in control conditions (pots) or
in the field.

The aim of our researches was to verify the value of aerobic and anaero-
bic methods, as the most significant biological methods in assessment of soil
nitrogen availability. The researches have been done on brown forest soil that
had been used in long-term experiments set up according to specified fertiliza-
tion system for over 30 years.

MATERIAL AND METHODS

The researches have been done on brown forest soil (Mladenovac) that
had been used in long-term experiments carried out by the Institute for soils in
Belgrade. The long-term experiments are set up according to specified fertili-
zation system with mineral fertilizers for over 30 years.

Experiment variants with increasing doses of nitrogen fertilizer were se-
lected and applied in our investigations: control (Ø), N1P2K2 (N1-60, P2-120,
K2-120 kg P2O5 and K2O/ha), N2P2K2 (N2-90 kg/ha) N3P2K2 (N3-120 kg/ha)
and N4P2K2 (N4-150 kg/ha). The samples from the mentioned experiment vari-
ants were taken in March for both aerobic and anaerobic incubation, as well as
for the pot experiments.
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I. Methods applied to estimate nitrogen availability

a) Aerobic incubation

250 ml glass jars, into which 10 g of air-dried soil was weighed, were
used. The soil humidity was brought at 30%, the jars were covered with pla-
stic foil. Incubation lasted for 14 days at the temperature of 30°C (B r e m n e r,
1965). After that, in an hour shaking, a 2 M KCl solution extraction was ta-
ken. Short lasting distillation in the presence of MgO and CaCl2 and titration
with 0.0025 H2SO4 were applied to determine the contents of NH4-N and
NO3-N.

b) Anaerobic incubation

Five grams of air-dried soil were measured, put into tube and 12.5 ml of
distilled water was added. Completely anaerobic conditions were achieved that
way. The period of incubation lasted for 7 days at the temperature of 40°C
( W a r i n g and B r e m n e r, 1964). After that, content from the tube was
quantitatively transferred to distillation flask by multiple rinsing with 12.5 ml
of 2 M KCl. Distillation was carried out with MgO and CaCl2 and distillate li-
bated was held in boric acid. Titration was done with 0.0025 M H2SO4 and the
quantity of obtained NH4-N was determined.

II. Methods used to establish chemical properties
of the soil

Basic agochemical analysis of soil samples were taken from the long-
-term experiment were carried out using the following methods:

— Soil reaction: pH value in suspension with water and 1 M KCl was
determined potentiometrically with glass electrode;

— Organic carbon and humus were determined using dichromatic met-
hod by Tjurin, modification of Simakov;

— Total nitrogen quantity was determined using semi-micro Kjeldahl
method where the soil sample was digested with concentrated H2SO4 with the
addition of catalyst mixture K2SO4: CuSO4: Sn-1-1:10:100 (B r e m n e r, 1965)

— Content of available nitrogen was determined by steam distillation
method from soil salt extract obtained after one-hour shaking with 2 M KCl.
NH4-N content was established through a short distillation in the presence of
small quantities of MgO and CaCl2. Distillate was caught in boric acid and ti-
trated with 0.0025 M H2SO4. When NH4-N had been determined, Devarda's
alloy was added and new distillation was performed. This time NH4-N was
held in a new quantity of boric acid and titration with 0.0025 M H2SO4 was
used to establish the contents of NO3-N.

— Available phosphorus and potassium were established using Al-met-
hod by E g n e r - R i e h e m (1960).
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III. Experiment in pots

Plastic pots, each containing 2 kg of soil from the layer 0 — 30 cm of
soil, were used in the experiment. The soil was taken out in spring (March)
from the labeled experiment variants in the field. Before the beginning of the
experiment, soil was brought up to the air-dried conditions, ground and the de-
sired quantity was measured. The vegetation experiment was performed with
two fertilizing variants, the PK and NPK. Prior to sowing, the soil was mixed
with the fertilizers that had previously been dissolved in water, i.e. with:
NH4NO3, KH2PO4 and KCl. The used NH4NO3 was labeled with a stabile iso-
tope 15N (11.8%). In the PK variant 50 mg of P2O5 and K2O/kg of soil was
used, while in the NPK variant 50 mg of N, P2O5 and K2O/kg of soil was
used. Ten plants of oats per pot were used in the experiment. The plants were
grown to the phase when plants blade. During the experiment, the humidity
was maintained at level 60 to 80% of water retention capacity.

IV. Parameters of plants and soil in pots

Having in mind the most commonly used parameters for plants in pots,
the following parameters were used in our researches to assess the values of
the applied methods (K e e n e y and B r e m n e r, 1966; S i r o t a, 1973; P e -
t e r s o n et al. 1960 and S a p o š n j i k o v's suggestions, 1973): plant para-
meters (yield of oats in NPK and in PK experiment variants, relative increase
in yield (PK = 100), relative increase in yield in NPK variant (Ø = 100), rela-
tive increase in yield in PK variant (Ø = 100), difference in yield (NPK-PK),
difference in yield (NPK-Ø), content of nitrogen in cultivated oats (in NPK
and PK)) and soil parameters (total uptake of nitrogen (NPK); uptake of soil
nitrogen (NPK), uptake of fertilizer nitrogen (NPK), ratio of soil and fertilizer
nitrogen uptake and uptake of soil nitrogen (PK)).

The simple linear correlation analysis was used to establish all the menti-
oned parameters of the plants and soil in pots, as well as for the biological
methods applied (aerobic and anaerobic).

Absolute values of the nitrogen developed after both aerobic and anaero-
bic incubation procedures, with and without taking into account the initial con-
tent of available nitrogen (NH4 and NH3-N in aerobic and NH4-N in anaerobic
incubation) were used as biological indexes of nitrogen availability.

RESULTS AND DISCUSSION

Brown forest soil (Mladenovac) was used in these researches. Basic che-
mical properties of the investigated soil are presented in Table 1.
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Table 1 — Chemical properties of the investigated soil

Variants

pH Total
nitrogen

(%)

Humus
% C:N

Available

H2O 1 MKCl
P2O5 K2O NH4+NO3

(ppm)(mg/100 gr)

Control 5.40 4.60 0.10 1.43 8.5 6.4 16.2 4.9

N1P2K2 5.10 4.30 0.10 1.67 8.7 18.0 21.8 8.4

N1P2K2 5.00 4.20 0.11 1.81 9.3 14.4 21.8 15.4

N3P2K2 4.90 4.15 0.10 1.85 9.5 16.0 25.0 12.2

N4P2K2 5.00 4.05 0.12 1.88 9.4 12.5 21.8 51.3

On the grounds of the obtained soil pH values (M KCl) the conclusion
can be drawn that the investigated brown forest soil belongs to the acid or
very acid soil category.

According to the humus content, the brown forest soil comes to the cate-
gory of soils poor in humus, while its total nitrogen content puts it at the li-
mits of poor content. The C/N ratio is somewhat lower (less than 10) than in
(standard) arable soils due to the fact that drop in humus exceeded the drop of
the total nitrogen content.

The content of available phosphorous varied in the field experiment vari-
ants. The lowest was in the control variant (6.4 mg/100 gr) and the highest
was in the variant N1P2K2 (18 mg/100 gr), which had put the soil into the poor
to medium soil category.

Quantities of available nitrogen varied in the experiment variants in the re-
gular pattern starting with the control experiment variant (4.9 ppm) to N4P2K2
variant (51.3 ppm).

The aerobic incubation procedure used in these researches was introduced
by B r e m n e r (1965) as modification of some previous procedures (A l l i -
s o n and S t a r l i n g, 1949; F i t t s at al., 1953; H a n w a y and D u m e -
n i l, 1953).

It was Bremner's suggestion to calculate the quantity of the mineral nitro-
gen obtained during aerobic incubation by subtracting the established quanti-
ties of available nitrogen after and before incubation.

However, quite frequently quantities of the established mineralized nitro-
gen prove to be lower after incubation than before the incubation, particularly
with the poorly fertile soils or with the soils with high content of residual mi-
neral nitrogen. Hence, the quantity of mineralized and nitrified nitrogen may
have negative values. One can suppose that such results are caused by immo-
bilization. When soils of poor fertility are being used for the laboratory
experiments, such conditions are favourable for mineralization processes. How-
ever, the obtained mineral nitrogen is being used by microorganisms so that
the final count gives negative results. On the other hand, in the soils with hig-
her contents of available nitrogen which, as a rule, originates from the previo-
us fertilization (H e r r o n at al., 1977), in conditions of optimum humidity
and temperature, microorganisms will also develop and take up the available
nitrogen in a more intensive way, so that the obtained results will have negati-
ve values in this case, too.
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The conclusion may be drawn that negative results, when initial content
of available nitrogen is subtracted, are the results of: disturbed balance bet-
ween the process of mineralization and immobilization and too short incuba-
tion period (two weeks) for reestablishing balance between those two proces-
ses.

Due to all mentioned facts and suspicions connected to the origin of aero-
bic incubation (S t a n f o r d and S m i t h, 1972) on the one side and very
precise B r e m n e r's instructions (1965) regarding keeping and preparation of
the soil samples on the other side, dilemma remains whether or not to subtract
the initial content of the available nitrogen.

Because of the above-mentioned suspicions and dilemmas regarding cal-
culation of the results, both procedures, i.e. nitrogen availability indexes were
used in our investigations — initial condition was both subtracted and not sub-
tracted.

Table 2 presents the quantities of mineralized and nitrified nitrogen in ae-
robic procedures, both with the initial content subtracted and not subtracted.

The quantity of mineralized and nitrified nitrogen in aerobic procedure
obtained without subtraction of the initial content of available nitrogen points
to the conclusion that there are no significant regularities in either increase or
decrease mineralized and nitrified nitrogen in experiment variants.

Table 2 — Quantities of mineralized and nitrified nitrogen in aerobic procedure, initial content of
the available nitrogen in the brown forest soil both subtracted and not subtracted

Experiment
variants

Initial content of
available nitrogen

not subtracted
Initial content of available nitrogen subtracted

Quantities of
mineralized
and nitrified
NH4+NO3-N

(ppm)

Before NH4+NO3-N
(ppm) incubation

After
NH4+NO3-N

(ppm) incubation

Quantities of
mineralized
and nitrified
NH4+NO3-N

(ppm)

Control 24.7 4.9 24.7 19.8

N1P2K2 24.2 8.4 24.2 15.8

N1P2K2 32.2 15.4 32.2 16.8

N3P2K2 30.6 12.2 30.6 18.4

N4P2K2 27.8 51.3 27.8 –23.5

Similar situation was also obtained with the quantities of mineralized and
nitrified nitrogen when we subtracted the initial quantity. The only difference
was that N4P2K2 experiment variant gave negative value (–23.5 ppm), i.e. the
quantity of mineralized nitrogen was smaller after incubation than before it.
Therefore, one may suppose that during the incubation a part of available ni-
trogen gets immobilized by microorganisms.

An experiment in controlled conditions was carried out with the aim to
assess the value and reliability of nitrogen availability biological indexes (ob-
tained by aerobic and anaerobic incubation) through the plants' and soil's pa-
rameters.
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Table 3 presents the results of the plants' and soil's parameters obtained
in the controlled conditions.

Table 3 — Plants' and soil's parameters in the controlled conditions (in pots).

Plants and soil
parameters Control N1P2K2 N2P2K2 N3P2K2 N4P2K2

Experiment variants

Yield (NPK) (g/pot) 10.26 10.84 10.86 11.22 11.10

Yield (PK) (g/pot) 2.25 3.58 4.18 4.69 6.36

Relative increase in yield (PK = 100) 456 303 260 239 174

Relative increase in yield (NPK) (Ø = 100) 100 106 106 109 108

Relative increase in yield (PK) (Ø = 100) 100 159 186 208 283

Difference in yield (g/pot) (NPK-PK) 8.01 7.26 6.68 6.53 4.74

Difference in yield (g/pot) (NPK-Ø) — 0.58 0.60 0.96 0.84

Difference in yield (g/pot) (PK-Ø) — 1.33 1.93 2.44 4.11

Total uptake of nitrogen (NPK) 90.0 105.8 118.0 110.1 115.1

Uptake of soil nitrogen (NPK) 58.1 72.4 83.8 78.0 84.4

Uptake of fertilizer nitrogen (NPK) 31.9 33.4 34.2 32.1 30.7

Ratio of soil and fertilizer nitrogen uptake 1.8 2.2 2.4 2.4 2.7

Uptake of nitrogen (PK) 18.5 22.9 30.3 30.1 48.5

The majority of authors have used absolute values, i.e. quantities of mine-
ralized and nitrified nitrogen when applying aerobic incubation, i.e. biological
indexes of nitrogen availability.

In our researches we have also compared absolute values with plants' and
soil's parameters. In order to assess the value, i.e. reliability of aerobic incuba-
tion in estimation of the soil nitrogen availability, we have calculated the cor-
relation coefficients.

Table 4 presents the values of correlation coefficients between minerali-
zed and nitrified nitrogen in aerobic procedure.

Table 4 — Correlation coefficient between the plants' and soil's parameters and mineralized and
nitrified nitrogen in aerobic procedure, the initial content of available nitrogen in the brown forest
soil both subtracted and not subtracted

Plants and soil parameters

Quantities of
mineralized and

nitrified N, initial
content of N subtracted

Biological ind. I

Quantities of
mineralized and

nitrified N, initial
content of N not

subtracted Biological
ind. II

Yield (NPK) NS NS

Yield (PK) NS NS

Relative increase in yield (PK = 100) NS –0.54*

Relative increase in yield (NPK) (Ø = 100) NS NS

Relative increase in yield (PK) (Ø = 100) 0.81** NS
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Difference in yield (g/pot) (NPK-PK) NS NS

Difference in yield (g/pot) (NPK-Ø) NS NS

Difference in yield (g/pot) (PK-Ø) 0.81** NS

N(%) in plants (NPK) NS 0.56*

N(%) in plants (PK) NS NS

Total uptake of nitrogen (NPK) NS 0.54*

Uptake of soil nitrogen (NPK) NS 0.57

Uptake of fertilizer nitrogen (NPK) –0.62* NS

Ratio of soil and fertilizer nitrogen uptake NS NS

Uptake of nitrogen (PK) NS NS

** significant at probability level 0.01
* significant at probability level 0.05
NS not statistically significant

Statistically significant correlation dependence between plants' and soil's
parameters and aerobic incubation of available nitrogen was established in just
a few cases and it was closer to low than to medium correlation dependence of
minor statistical significance (r-(–0.54*), 0.56*, 0.54 and 0.57).

Statistically significant correlation between an aerobic incubation with
initial content of available nitrogen subtracted and the plants' and soil parame-
ters was also established in just a few cases. A high correlation dependence
was established only in the relative increase of yield in the PK experiment va-
riant (Ø = 100) and regarding the difference in yield (P-Ø). The value of coef-
ficient was r = 0.81**. Medium negative correlation dependence was establis-
hed in the uptake of fertilizer nitrogen (r = –0.62*).

As we have already mentioned, anaerobic method, together with aerobic
one is the most commonly applied procedure used to establish biological
indexes of the soil nitrogen availability.

In the research process, the quantity of the obtained NH4-N in both anae-
robic and aerobic procedures was calculated without subtracting the initial con-
tent of NH4-N. However, the calculation procedure suggested by W a r i n g and
B r e m n e r (1964) was also used, i.e. the initial NH4-N content before the in-
cubation was subtracted from the NH4-N content established after the incuba-
tion.

Table 5 presents quantities of mineralized nitrogen that were established
in anaerobic procedure, with the initial content both subtracted and not sub-
tracted.

The quantities of mineralized nitrogen obtained without subtraction of the
initial content of available nitrogen can be used as grounds for the following
conclusion: there is a regular increase in the quantity of mineralized nitrogen,
starting from the control variant and going towards the variant with the highest
dosage of fertilizer nitrogen.
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Table 5 — Quantities of nitrogen mineralized in anaerobic procedure, the initial content of NH4-N
available in brown forest soil subtracted and not subtracted

Experiment
variants

Initial content of
available NH4-N

not subtracted
Initial content of available NH4-N subtracted

Quantities of
mineralized

nitrogen
(NH4-N, ppm)

Before NH4-N
incubation

(ppm)

After NH4-N
incubation

(ppm)

Quantities of
mineralized

nitrogen NH4-N
(ppm)

Control 14.8 3.8 14.8 11.0

N1P2K2 18.0 6.6 18.0 11.4

N2P2K2 17.7 12.6 17.7 5.1

N3P2K2 19.7 7.5 19.7 12.2

N4P2K2 20.1 45.5 20.1 –25.4

Quantities of nitrogen mineralized in anaerobic procedure, with the initial
content of available NH4-N counted out, considerably varied with the field
experiment variants. No regularity was observed regarding the increase or de-
crease of mineralized nitrogen quantities going from the control variants to-
wards the highest dosage of the applied fertilizer nitrogen. Negative values for
the mineralized nitrogen quantities were established as in the aerobic incuba-
tion in the N4P2K2 experiment variant.

The established absolute values regarding mineralized nitrogen, with the
initial content of available NH4-N both subtracted and not subtracted, were
compared to the plants' and soil's parameters. The obtained correlation depen-
dences were used to assess how reliable this method is in estimation of soil ni-
trogen availability.

Table 6 presents the values of correlation coefficients between the plants'
and soil's parameters and nitrogen mineralized in anaerobic procedure, with
the initial content of NH4-N in the brown forest soil both subtracted and not
subtracted.

Table 6 — Correlation coefficients between the plants' and soil's parameters and mineralized and
nitrified nitrogen in anaerobic procedure, the initial content of available nitrogen in the brown fo-
rest soil both subtracted and not subtracted

Plants' and soil parameters

Quantities of
mineralized nitrogen,
initial NH4-N content

subtracted

Quantities of
mineralized nitrogen,

initial NH4-N quantity
not subtracted,

biological ind. II
Yield (NPK) NS 0.70**
Yield (PK) –0.79** 0.90**
Relative increase in yield (PK = 100) 0.61* –0.92**
Relative increase in yield (NPK) (Ø = 100) NS NS
Relative increase in yield (PK) (Ø = 100) NS 0.81**
Difference in yield (NPK-PK) 0.80** –0.74**
Difference in yield (NPK-Ø) NS NS
Difference in yield (PK-Ø) NS 0.80**
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N(%) in plants (NPK) NS NS
N(%) in plants (PK) NS –0.54
Total uptake of nitrogen (NPK) NS 0.67**
Uptake of soil nitrogen (NPK) –0.53** 0.75**
Uptake of fertilizer nitrogen (NPK) NS NS
Ratio of soil and fertilizer nitrogen uptake –0.76** 0.88**
Uptake of nitrogen (PK) –0.91** 0.77**

** significant at probability level 0.01
* significant at probability level 0.05
NS not statistically significant

Statistically significant correlation dependence between the plants' para-
meters and nitrogen mineralized in anaerobic procedure, with the initial con-
tent of NH4-N subtracted, was not found in major number of cases, except for
the yield obtained in the PK variant (r = 0.79**) and regarding the difference
in obtained yield (NPK-PK) (r = 0.80**), where it was high. The relative yield
increase (PK-100), using the method mentioned, gave medium correlative de-
pendence (r = 0.61*). However, the remaining plants-in-pots-parameters in
anaerobic incubation did not give statistically significant correlation dependen-
ces. The uptake of soil nitrogen in the NPK experiment variant in pots, with
the nitrogen mineralized in anaerobic procedure, gave the medium negative
correlation dependence (r = –0.53*). Nevertheless, a considerable negative cor-
relation dependence was established (r = –0.91**) between the uptake of nitro-
gen in the PK variant and the method mentioned.

The values of correlation coefficients established for the obtained yields
in the PK and NPK variants corresponded to the results obtained by G a s -
s e r and K a l e m b a s a (1976). It is also the case with the uptake of nitro-
gen in those experiment variants. However, our researches resulted in negative
correlation dependences as the increased available contents of ammoniacal ni-
trogen in soil have directly influenced the process of mineralization in anaero-
bic conditions. There was more nitrogen in the soil, mineralization was less in-
tensive, while the yield and uptake of nitrogen were higher, because the plants
have mainly used the available ammoniacal nitrogen, already present in the
soil, to satisfy their nitrogen needs.

As it can be seen from the results presented in Table 6, a high and very
high correlation dependence of major statistical significance was established
between the nitrogen mineralized in anaerobic procedure (the initial content of
NH4-N not subtracted) and the plants-in-pots-parameters. A medium negative
correlation dependence (r = –0.54*) was only established between the content
of nitrogen in oat plant (PK) and the nitrogen mineralized in just mentioned
procedure. Mainly high correlation dependence of major statistical significance
was established between the soil in pots and the mineralized nitrogen.

The percentage of correlation dependences for r = 0.50—0.90, with signi-
ficance of 0.05—0.01 probability level and for r = 0.70, with significance of
0.01 probability level was calculated on the grounds of the established correla-
tion coefficients values for both methods used, i.e. two ways used to calculate
the results.
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This calculation was done with the aim to define clearly which of the ni-
trogen availability biological indexes that were used can be considered reliable
to estimate nitrogen availability. The aim was also to determine which is the
most suitable procedure to calculate results in aerobic and anaerobic incuba-
tion.

Table 7 presents the correlation coefficients expressed in percentages (in
aerobic and anaerobic incubations), for both criteria.

Table 7 — Correlation dependences (in percents) between the plants and soil parameters and ni-
trogen availability biological indexes when r = 0.50—0.99 (**,*) and when r = 0.70**.

Parameters Percentage of correlation dependence
for r = 0.50—0.99 (**, *)

Percentage of correlation
dependence for r � 0.70**

Aerobic incubation, the initial content of available nitrogen not subtracted

Plants and soil in
pots parameters 26.7 0.0

Aerobic incubation, the initial content of available nitrogen subtracted

Plants and soil in
pots parameters 20.0 13.3

Aerobic incubation, the initial content of available NH4-N not subtracted

Plants and soil in
pots parameters 73.3 60.0

Aerobic incubation, the initial content of available NH4-N subtracted

Plants and soil in
pots parameters 40.0 26.7

As presented in the Table 7, the highest percentages of correlative depen-
dence, for both criteria, were established for anaerobic incubation when initial
content of available NH4-N was not subtracted. However, considerably lower
percentages were established for the same method when initial condition was
not subtracted.

As opposed to anaerobic incubation, low percentages of correlative de-
pendence were established in aerobic incubation for both calculation procedu-
res.

CONCLUSIONS

The results presented here may be used to conclude the following:
Anaerobic incubation, i.e. the established biological index of availability

in the investigated brown forest soil can be considered reliable in assessing the
soil nitrogen availability.

Considering that in anaerobic incubation significantly higher percentages
of correlation dependences of available NH4-N were determined when the ini-
tial content of available NH4-N was not subtracted than in the cases in which
the initial content of available NH4-N was subtracted, nitrogen availability bio-
logical index determined in anaerobic procedure without subtraction of the ini-
tial content of available NH4-N, can be recommended to be used.

55



Both plants' and soil's in parameters obtained by experiment in pots can
be used on an equal level to assess the value of the investigated nitrogen avai-
lability biological index.

The established reliabilities of biological index are significant for estima-
tion of the soil nitrogen availability because anaerobic procedure is simple and
quick from an analytical view and it can be used in routine analyses.

Nitrogen availability biological index established in our researches after
the aerobic incubation, with the initial content of available nitrogen both sub-
tracted and not subtracted, cannot be considered reliable to estimate the soil
nitrogen availability.
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AEROBNA I ANAEROBNA INKUBACIJA — BIOLOŠKI INDEKSI
PRISTUPAÅNOSTI AZOTA ZEMQIŠTA

Mirjana M. Kresoviã, Svetlana B. Antiã-Mladenoviã, Vlado Ð. Liåina
Univerzitet u Beogradu, Poqoprivredni fakultet,

Nemawina 6, Zemun, Srbija i Crna Gora

Rezime

Istraÿivawa su obavqena na gajwaåi (Mladenovac) koja se koristi u okvi-
ru dugogodišweg stacionarnog ogleda, sa odreðenim plodoredom i sistemom
ðubrewa veã više od trideset godina. Za ova istraÿivawa odabirane su vari-
jante ogleda gde je primewena rastuãa doza azota ðubrewa. Za utvrðivawe biolo-
ških indeksa pristupaånosti azota primewene su aerobna i anaerobna metoda
sa dva razliåita naåina obraåuna rezultata (sa oduzimawem i bez oduzimawa
poåetnog sadrÿaja pristupaånog azota). Radi odreðivawa parametara biqaka i
zemqišta koji su vrednovali pouzdanost korišãenih metoda za ocenu pristu-
paånosti azota zemqišta izveden je ogled u kontrolisanim uslovima uz prime-
nu izotopski obeleÿenog azota (15N). Na osnovu uraðene korelacione analize
odnosno utvrðene korelativne zavisnosti izmeðu bioloških indeksa i parame-
tara biqaka i zemqišta moÿe se zakquåiti da se biološki indeks koji je utvr-
ðen anaerobnim postupkom bez oduzimawa poåetnog sadrÿaja pristupaånog NH4
moÿe smatrati pouzdanim za ocenu pristupaånosti azota zemqišta. Pouzdanost
nije utvrðena za aerobnu metodu (sa oduzimawem i bez oduzimawa poåetnog sadr-
ÿaja pristupaånog azota) kao i za anaerobni postupak sa oduzimawem poåetnog
sadrÿaja pristupaånog NH4-N.
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DIFFERENT STERILIZATION METHODS
FOR OVERCOMING INTERNAL BACTERIAL INFECTION

IN SUNFLOWER SEEDS

ABSTRACT: During culture of protoplasts in agarose droplets, permanent problem
was bacterial infection. It was assumed that the seeds are the origin of infection, so diffe-
rent sterilization methods were tested in order to overcome this problem. Germination, in-
fection of seeds and hypocotyls and their growth were examined. Based on these parame-
ters, the best result was obtained with the combined use of 5% commercial bleach and dry
heating at 45°C.

KEY WORDS: bacterial infection, seeds, sterilization, sunflower, tissue culture

INTRODUCTION

A critical stage in the introduction of plants to tissue culture is to obtain
cultures free of microbial contamination. In spite of the surface sterilization
process carried out for explants before culture, microbial growth inside the
plant cannot be eliminated (H e n n e r t y at al., 1988), particularly when
explants are excised from field grown plants (S a v e l a and U o s u k a i n e n,
1994) and transferred to in vitro culture.

Contaminants in the xylem vessel, which are protected from surface steri-
lization are endophytic bacteria (H a l l m a n et al., 1997). Endophytic bacteria
have probably evolved a close relationship with their host plant through co-
-evolutionary processes and may influence plant physiology in ways that have
not yet been elucidated (M i s a g h i and D o n n d e l i n g e r, 1990). Inside
the plant they have very little microbial competition (M i s a g h i and D o n n -
d e l i n g e r, 1990) and usually do not cause visible symptoms to the plant
( H a l l m a n et al., 1997; P e ñ a l v e r et al., 1994). The bacteria may stay
latent or symptomless (P e ñ a l v e r et al., 1994) up to several months after
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the initiation of culture and may not survive outside the plant tissue (R e e d et
al., 1995). Endophytic bacteria may even promote beneficial effects for field
grown crops, but in stress conditions such as in vitro culture, latent endophytic
bacteria may become pathogenic and detrimental to the growth and develop-
ment of the plantlets (L e i f e r t et al., 1989).

During culture of protoplasts in agarose droplets, permanent problem was
bacterial infection. It was assumed that seeds are the origin of infection, so
different sterilization methods were tested in order to overcome this problem.

MATERIAL AND METHODS

Plant material

Seeds of inbred line PH-BC2-91A and Ha-74A of cultivated sunflower
were obtained from Institute of Field and Vegetable Crops.

Sterilization methods

Different sterilization methods were tested:
1. soaking seeds in 70% ethanol for one minute followed by soaking in

14% commercial bleach for 20 minutes; rinsed tree times in distilled water; re-
moving the seed coats; soaking seeds in 70% ethanol for one minute followed
by soaking in 14% commercial bleach for 15 minutes; rinsed tree times in ste-
rile distilled water

2. soaking seeds in 14% commercial bleach for 20 minutes; rinsed tree ti-
mes in distilled water; removing the seed coats; soaking seeds in 5% commer-
cial bleach for 60 minute; rinsed tree times in sterile distilled water

3. soaking seeds in 14% commercial bleach for 20 minutes; rinsed tree ti-
mes in distilled water; removing the seed coats; soaking seeds in 14% com-
mercial bleach for 15 minutes; rinsed tree times in sterile distilled water; heat
sterilization at 45°C during 60 minutes

4. soaking seeds in 14% commercial bleach for 20 minutes; rinsed tree ti-
mes in distilled water; removing the seed coats; soaking seeds in 5% commer-
cial bleach for 60 minutes; rinsed tree times in sterile distilled water; heat ste-
rilization at 45°C during 60 minutes

5. soaking seeds in 14% commercial bleach for 20 minutes; rinsed tree ti-
mes in distilled water; removing the seed coats; soaking seeds in 5% commer-
cial bleach for 60 minutes; rinsed tree times in sterile distilled water; heat ste-
rilization in water bath at 45°C during 60 minutes.

The experiments were set in 6 repetitions with 6 seeds. The seeds were
germinated for 2 days in the dark at 25°C. Germination of seeds and infection
were followed.

Germinated seeds without infection were placed on a MS medium (M u -
r a s h i g e and S k o o g, 1962) and cultured in the dark at 25°C. After 7 days
of culture infection of hypocotyls and their growth were examined.
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All results were expressed as mean ± standard error (SE). Statistical
analysis was performed by the analysis of variance (ANOVA), and posthoc
comparisons between means were made by Duncan's multiple range test. Stati-
stical significance was defined as being at the level p < 0.05.

RESULTS AND DISCUSION

During culture of protoplasts in agarose droplets, a permanent problem
was internal bacterial infection, different methods were tested in order to over-
come this problem. Other authors also report problems with internal bacterial
infection in plant tissue culture (H e n n e r t y at al., 1988; M i s a g h i and
D o n n d e l i n g e r, 1990).

Besides sterilization of seeds with chemicals, the surface sterilization can
be performed by exposure of seeds to UV light or heat. Since UV irradiation
can damage DNA, seeds were sterilized according to 5 different protocols with
commercial bleach and dry and moist heating. Percent age of germinated se-
eds (Fig. 1) and percent age of seed infection (Fig. 2) were followed, as well
as growth (Fig. 3) and infection of hypocotyls (Fig. 4).

Based on the obtained data, germination of sunflower seeds was signifi-
cantly lower after sterilization by 14% commercial bleach (Fig. 5). Signifi-
cantly lower germination of seeds was also found after sterilization by combi-
nation of 5% commercial bleach and dry heating, when compared to the seeds
sterilized by 5% commercial bleach and combination of 5% commercial ble-
ach and dry heating (Fig. 1).

Seeds that were sterilized by dry heating (5% commercial bleach + dry
heating and 14% commercial bleach and dry heating) were not infected. The
infection of seeds was significantly reduced with these sterilization methods,
when compared to the sterilization by 14% commercial bleach and 5% com-
mercial bleach + moist heating (Fig 2.).
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Figure 1. Germination of the seeds. Significance: *p < 0.05 vs. protocol 2, 4 and 5;
�p < 0.05 vs. protocol 2 and 5
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Figure 2. Infection of the seeds. Significance: *p < 0.05 vs. protocol 1 and 5

Figure 3. Growth of the hypocotyls. Significance: *p < 0.05 vs. protocol 1

Figure 4. Infection of the hypocotyls. Significance: *p < 0.05 vs. protocol 1



Growth of hypocotyls after the sterilization of seeds by 14% commercial
bleach was significantly lower, when compared to the other protocols (Fig 6.),
and also when compared to the protocols with combination of sterilization by
14% commercial bleach + dry heating (Fig 3.).

After seed sterilization according to the protocols with dry heating (5%
commercial bleach + dry heating and 14% commercial bleach and dry heating)
hypocotyls were not infected (Fig 4.). However, with those methods infection
of the hypocotyls was significantly reduced when compared only to the sterili-
zation of seeds by 14% commercial bleach.

Similar results were obtained by inbred line Ha-74A.
The obtained results showed that combination of sterilization by 5% com-

mercial bleach and dry heating gives the best results in overcoming problems
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Figure 5. Germination of the seeds sterilized by 5% commercial bleach (left)
and 14% commercial bleach (right)

Figure 6. Growth of the hypocotyls after seed sterilization
by 14% commercial bleach (right) and combination of

sterilization by 5% commercial bleach and dry heating (left)



with internal bacterial infection. Thus it could represent a good method to ob-
tain plants free of microbial contamination for tissue culture.
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UPOTREBA RAZLIÅITIH METODA STERILIZACIJE
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ENDOGENE BAKTERIJSKE INFEKCIJE
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Rezime

Prilikom kultivacije protoplasta gajenog suncokreta u kapqicama agaroze
stalan problem je bila bakterijska infekcija. Kako je pretpostavqeno da je seme
izvor ove infekcije, isprobane su razliåite metode wegove sterilizacije da bi
se pokušao prevaziãi ovaj problem. Praãeni su klijavost semena, broj infek-
cija semena i hipokotila, kao i wihov rast. Na osnovu ovih parametara najbo-
qi rezultat je dobijen nakon kombinovane upotrebe 5% varikine i suve steri-
lizacije semena na 45°S.
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VIRULENCE OF FUSARIUM SPECIES
TO ALFALFA SEEDLINGS*

ABSTRACT: In in vitro conditions, virulence of 91 isolates of species Fusarium ge-
nus (F. oxysporum, F. solani, F. acuminatum, F. equiseti, F. arthrosporioides, F. prolifera-
tum, F. avenaceum, F. semitectum, F. tricinctum, F. sporotrichioides and F. graminearum)
towards alfalfa seedlings was investigated. Isolates of investigated species originated from
diseased alfalfa plants collected on four locations in Serbia based on symptoms of wilting
caused by fusarium and root rotting. Pathogenicity and virulence of investigated isolates of
Fusarium spp. were determined by visual evaluation of inoculated seedlings of cultivar K28
in laboratory conditions. All isolated of investigated species had pathogenic effect on alfalfa
seedlings, which expressed symptoms such as necrosis of root, moist rotting and „melting
of seedlings". Colour of necrotic root tissue varied from light brown, brown, lipstick red to
explicit black, depending on the Fusarium species. Strong virulence was established in 48
isolates, medium virulence in 31 and weak virulence in 12 isolates.

KEY WORDS: alfalfa (Medicago sativa L.), seedlings, Fusarium spp., virulence

INTRODUCTION

Longevity of alfalfa crops is conditioned by condition of root system, pri-
marily in the root neck and small roots in the most active zone of the root.
Therefore, rotting of root and root neck, since frequent in case of alfalfa, is
one of the most important factors which reduces the longevity of alfalfa crops,
yield and quality of alfalfa. Fusarium species isolated from diseased alfalfa ro-
ots, especially root neck, were more frequent than any other type of fungus.
Except type of rot, symptoms of disease are manifested in form of chlorisis of
leaves and lower plants.
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Fusarium oxysporum Schlect, F. solani (Mart.) Appel & Wollenw. Emend.
Snyder & Hansen and F. roseum Lk. ex Fr. Emend. Snyd. & Hans. are species
constantly isolated from alfalfa root (O ' R o u r k e and M i l l a r, 1966;
G r a h a m et al., 1979). According to data from literature regarding the etio-
logy of root rot, other Fusarium species are also important, such as F. avena-
ceum (Fr.) Sacc., F. arthrosporioides Sherb., F. culmorum (W. G. Smith)
Sacc., F. scirpi Lamb, et Fautr. var. acuminatum, F. poae (Peck) Wr., F. sam-
bucinum Fuckel and F. tricinctum (Corda) Sacc. (E r w i n, 1954; C h i et al.,
1964; N e d e l n i k, 1988; H w a n g et al., 1989).

On territory of Serbia, from alfalfa plants demonstrating symptoms of
wilting and rotting of root and root neck, most frequently isolated were nume-
rous Fusarium species (M i l i j i ã et al., 1984, 1986, V i c o et al., 1996;
K r n j a j a and I v a n o v i ã, 2001; K r n j a j a et al., 2002). Damage caused
by nematodes (Pratylenchus penetrans Cobb) enables more intensive develop-
ment of Fusarium wilt (Fusarium oxysporum var. medicaginis) on alfalfa root
(G r u j i å i ã et al., 1984). Fusarium species were isolated also from alfalfa
seed (K r n j a j a et al., 2003), which could be source of further spreading of
pathogens on vegetative parts of the plant and cause problem in establishing of
alfalfa crops.

Considering how frequent incidences of fuzariozing wilting and root rot-
ting are in alfalfa crops on the territory of Serbia as well as great number of
isolated Fusarium species, objective of this research was to investigate virulen-
ce of different types of Fusarium species to alfalfa seedlings.

MATERIAL AND METHODS

Applying standard phyto-pathological methods, isolates of Fusarium spp.
were separated from alfalfa plants, collected in the vicinity of Belgrade (Ze-
mun, Padinska Skela), Novi Sad (Rimski Šanåevi) and Kruševac, with symp-
toms of Fusarium wilt and root rot. According to morphological characteristics
described by N e l s o n et al. (1983) and B u r g e s s et al. (1994), investiga-
ted isolates belong to following species: F. oxysporum, F. solani, F. acumina-
tum, F. equiseti, F. arthrosporioides, F. proliferatum, F. avenaceum, F. semi-
tectum, F. tricinctum, F. sporotrichioides and F. graminearum.

In in vitro conditions, inoculation of seedlings of cultivar K28 was car-
ried out according to method described by C h i et al. (1964). Alfalfa seed
was disinfected in 95% ethanol for 10 seconds, subsequently in 7% sodium
hypo chlorite (NaOCl) for 10 minutes, rinsed in sterile water and dried on ro-
om temperature. Section of the colony of investigated isolates 4—5 mm2 in di-
ameter and five days old was placed in centre of Petri dish with 1,7% potato
dextrose agar. Around the section of colony, on distance of 2 cm in diameter,
15 seeds of alfalfa were placed. Petri dishes were incubated on room tempera-
ture. After two days, primary roots were placed so that their tips were touc-
hing the rim of the fungus colony in the centre of Petri dish.

After 10 day incubation, degree of pathogenicity (virulence) of isolates
was evaluated by visual inspection of necrotic areas according to following
scale: 0 = no virulence (no necrotic areas on the root), 1 = weak virulence
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(necrosis on the tip of the root), 2 = medium virulence (root and low part of
the stem — stem butt, but necrosis or fungus mycelium didn't spread on lea-
ves and upper section of stem) and 3 = strong virulence (necrosis or fungus
mycelium have spread entirely over root, stems and leaves, and in some cases
even „melting" of seedlings occurred).

RESULTS OF INVESTIGATION

By inoculation of alfalfa seedlings in laboratory conditions it was esta-
blished that all 11 isolates of Fusarium species were pathogenic. Two days
subsequent to contact between root and fungus colony necrosis appeared in all
investigated isolates. Necrosis spread vertically and after 10 days of incubation
isolates of strong virulence were completely spread over root, stems and leaves
of seedlings, causing in some cases so called „melting" of seedlings (Fig. 1).

Necrotic tissue of the root was rotten and decayed. In case of isolates
which haven't caused spreading of necrosis further from the root, herbaceous
parts of seedlings which weren't necrotic tore easily when pulled from disinte-
grated and softened root tissue. Colour of necrotic root parts was light brown,
brown, red brown, and lipstick red to black (Fig. 1). Roots of control seedlings
were without necrosis, healthy and with stabile structure.
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Figure 1. Appearance of necrotic alfalfa seedlings. „Melting" of seedlings in air (a)
and substrate (b) section of the colony of the isolate LU32ZE; necrosis of root

in the colonies of the isolates LU24ZE (c) and LU33ZE (d).



Among investigated isolates Fusarium spp. 48 demonstrated strong viru-
lence, 31 isolates medium virulence, and weak virulence 12 isolates (tab. 1).
Among investigated isolates of F. oxysporum 16 isolates demonstrated strong
virulence (grade 3), 14 isolates demonstrated medium virulence (grade 2), and
4 isolates demonstrated weak virulence (grade 1). Among investigated isolates
of F. solani 16 isolates demonstrated strong virulence, and one isolate de-
monstrated medium virulence. Seven isolates of F. acuminatum demonstrated
strong, and two weak virulence. All investigated isolates of F. equiseti demon-
strated weak virulence. Six isolates of F. arthrosporioides demonstrated medi-
um virulence and one isolate strong virulence. All investigated isolates of F.
proliferatum demonstrated strong virulence. One isolate of F. avenaceum de-
monstrated strong, and two isolates medium virulence. All investigated isolates
of species F. semitectum and F. sporotrichioides demonstrated medium viru-
lence. One isolate of F. tricinctum demonstrated strong, and one medium viru-
lence. One investigated isolate of F. graminearum demonstrated strong viru-
lence (tab. 1).

Table 1. Degree of pathogenicity (virulence*) of isolates of Fusarium species to alfalfa seedlings
in in vitro conditions

Isolate Virulence Isolate Virulence Isolate Virulence

F. oxysporum

LU4ZE 2 LU20ZE 3 LU6RS 2

LU5ZE 2 LU21ZE 1 LU10RS 2

LU6ZE 2 LU22ZE 2 LU22RS 2

LU7ZE 2 LU23ZE 2 LU3KS 3

LU8ZE 3 LU30ZE 2 LU5KS 3

LU9ZE 1 LU32ZE 3 LU15KS 3

LU10ZE 1 LU43ZE 3 LU16KS 3

LU11ZE 2 LU44ZE 3 LU17KS 3

LU12ZE 2 LU45ZE 3 LU1PS 3

LU14ZE 1 LU47ZE 3 LU4PS 3

LU16ZE 2 LU49ZE 3

LU17ZE 2 LU1RS 3

F. solani

LU24ZE 3 LU33ZE 3 LU40ZE 3

LU25ZE 3 LU34ZE 3 LU41ZE 3

LU26ZE 3 LU36ZE 3 LU42ZE 3

LU28ZE 3 LU37ZE 3 LU46ZE 3

LU29ZE 3 LU38ZE 3 LU48ZE 2

LU31ZE 3 LU39ZE 3

F. acuminatum

LU6PS 3 LU10KS 3 LU16RS 3

LU4KS 2 LU7RS 3 LU19RS 3

LU9KS/1 2 LU8RS 3 LU24RS 3

68



F. equiseti

LU2KS 1 LU3RS 1 LU25RS 1

LU6KS 1 LU5RS 1 LU26RS 1

LU8KS 1 LU12RS 1

F. arthrosporioides F. proliferation

LU1ZE 3 LU17RS 2 LU2PS 3

LU2ZE 2 LU18RS 2 LU13KS 3

LU3PS 2 LU14KS 3

LU9KS/2 2 LU20RS 3

LU2RS 2 LU21RS 3

F. avenaceum F. semitectum F. tricinctum

LU9RS 3 LU3ZE 2 LU7KS 2

LU27ZE 2 LU5PS 2 LU11KS 3

LU35ZE 2 LU13RS 2

F. sporotrichioides F. graminearum Kontrola

LU1KS 2 LU18ZE 3 — 0

LU23RS 3

* 0 = no virulence, 1 = weak virulence, 2 = medium virulence, 3 = strong virulence

DISCUSSION

In the test for control of pathogenicity of Fusarium species to alfalfa see-
dlings pathogenicity of isolates of all investigated Fusarium spp. was establi-
shed, as well as high sensitivity of alfalfa in pheno — stage of seedlings. Simi-
lar results were confirmed in previous investigations (W e i m e r, 1927, 1928,
loc. cit. S c h m i t t e n n e r, 1964; C h i et al., 1964; H a n c o c k, 1983,
1985) when it was proved that Fusarium species can infect alfalfa seedlings.
W e i m e r (1927, loc. cit. S c h m i t t e n n e r, 1964) has established that Fu-
sarium spp. and Rhizoctonia spp., isolated from rotten root neck and root of
alfalfa cause moist rotting of seedlings. F. oxysporum f. sp. medicaginis is also
pathogenic to alfalfa seedlings (W e i m e r, 1928 loc. cit. S c h m i t t e n n e r,
1964). Isloates of Rhizoctonia spp. and F. oxysporum f. sp. medicaginis origi-
nating from alfalfa have demonstrated strong pathogenicity not only to alfalfa
seedlings but also to seedlings of bird's foot trefoil, red and white clover
( V i c o, 1997). Histological researches have shown that penetration and furt-
her development of F. avenaceum, F. oxysporum and F. solani are similar in
case of alfalfa and red clover seedlings (C h i et al., 1964). Results obtained
by these authors indicate that all three Fusarium species have penetrated into
uninjured epidermal root cells, seed coat and cotyledons by direct penetration
without formation of apresoria. Penetration was intercellular and intracellular.
Most frequently, pathogens penetrated the meristematic tissue, although regi-
ons of cell magnification and differentiation were also affected. Pathogens co-
lonize completely cortex of the alfalfa root. All three species colonize xylem,
and F. solani is most limited when developing in epidermal and cortical tissu-
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es. Tips of roots are affected by pathogens in two-day old seedlings. Seed coat
was colonized quickly by all three fungus species. Lot of hyphae were found
in cotyledons, leaf primordia and young stems. No difference was established
between plants which became diseased naturally and artificially inoculated
plants in regard to development of fungus (C h i et al., 1964).

CONCLUSION

Investigations of pathogenicity and virulence of Fusarium species in vitro
have lead to following conclusions:

— F. oxysporum, F. solani, F. acuminatum, F. equiseti, F. arthrosporioi-
des, F. proliferatum, F. avenaceum, F. semitectum, F. tricinctum, F. sporotric-
hioides and F. graminearum are pathogen to seedlings of K28 alfalfa;

— Main symptoms of disease are change of colour from brown to black
depending on the investigated species, necrosis of root, moist rotting and
„melting of seedlings";

— Most of the isolates demonstrated strong virulence (48) to medium vi-
rulence (31), and only 12 weak virulence, none of the isolates were no viru-
lence;

— F. solani and F. acuminatum demonstrated mostly strong virulence,
F. arthrosporioides medium virulence, whereas virulence of F. oxysporum va-
ried from weak to strong;

— All isolated of F. proliferatum demonstrated strong virulence, and of
F. equiseti weak virulence;

— Less present species on alfalfa root, such as F. avenaceum, F. tricinc-
tum and F. graminearum, demonstrated medium to strong virulence, and F. se-
mitectum and F. sporotrichioides medium virulence.
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Rezime

U in vitro uslovima prouåena je virulentnost 91-og izolata vrsta roda Fusa-
rium (F. oxysporum, F. solani, F. acuminatum, F. equiseti, F. arthrosporioides, F. pro-
liferatum, F. avenaceum, F. semitectum, F. tricinctum, F. sporotrichioides i F. grami-
nearum) prema klijancima lucerke. Izolati ispitivanih vrsta poreklom su iz
obolelih biqaka lucerke koje su prikupqene iz åetiri lokaliteta u Srbiji na
osnovu simptoma fuzarioznog uvenuãa i truleÿi korena. Patogenost i viru-
lentnost ispitivanih izolata Fusarium spp. utvrðeni su vizuelnim ocewivawem
inokulisanih klijanaca sorte K28 u laboratorijskim uslovima. Svi izolati
ispitivanih vrsta patogeni su prema klijancima lucerke, koji su ispoqili
simptome u vidu nekroze korena, vlaÿne truleÿi i „topqewa klijanaca". Boja
nekrotiranog tkiva korena varira od svetlo smeðe, smeðe, crveno-smeðe, kar-
min crvene do izrazito crne, zavisno od vrste roda Fusarium. Jaku virulent-
nost ispoqilo je 48 izolata, sredwu 31 izolat, a slabu 12 izolata.
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THE INFLUENCE OF MYCOTOXINS IN FOOD
ON FISH HEALTH STATUS*

ABSTRACT: In our country, there is present extensive, semi-intensive and intensive
growing of cyprinid fish species. The quality of food is an essential prerequisite for obtai-
ning optimal production results in fish production.

Fish food is being produced as a complete pellet meal, and raw materials used are of
plant, animal, mineral and vitamin origin. Out of plant feed, the most commonly used ones
are corn, wheat, barley, oats, soy and others. By applying additional carbohydrate food,
energetic needs of an organism are being met.

In this paper, we presented the results of hygienic safety of carbohydrate feed (corn,
wheat, barley) investigated in the laboratory of Veterinary Research Institute of Serbia in
Belgrade within regular control, or with the aim of establishing the causes of disturbance of
health status and decreased production results in the pond.

During 2004 we performed microbiology and mycotoxicology investigations of the
total of 43 samples, namely: 31 corn samples, 8 barley samples and 4 wheat samples.

The obtained results point at a high level of mould contamination (Aspergillus, Peni-
cillium, Fusarium, and Rhizopus) and the presence of their secondary mycotoxin metaboli-
tes (aflatoxin, ochratoxin, trichothecenes and zearalenone) in feed.

KEY WORDS: cyprinid fish species, food of plant, animal, mineral and vitamin ori-
gin, hygienic safety, microbiology and mycotoxicology investigations, mould contamination.

INTRODUCTION

Nutritive requirements for growth, reproduction and all physiology functi-
ons of fish are similar to other animals. Everyday intake of proteins, minerals,
vitamins, growth factors and energy is necessary.
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Cereals as energy and leguminose as protein feedstuffs are the main part
of feed (up to 90%) for all kinds and categories of fish.

Usage of complete mixtures without appropriate hygiene qualities leads to
decrease of productive results and progressive lowering of health of fish. Cere-
als — carbohydrate feedstuffs are a good medium for growth of number of
fungi. In adequate conditions they multiply and their metabolites cause chan-
ges in feed quality. Bad feed can induce consequences on health and producti-
ve results of fish (L e l l e s, W. et al., 2000).

Cereals become contaminated with fungi in the field, during processing,
storage, transport and usage. Some fungi cause detrimental effects in feed, eit-
her by decomposition of its components or by producing harmful metabolites
( R a j i ã, I., 1993).

Mycotoxins are secondary metabolites of fungi which are formed during
consecutive serial enzyme reactions over several biochemically simple interme-
diary products, from prime metabolism, acetates, mevalonates, malonite and
some aminoacids (M a š i ã, Z., 1993; M a š i ã et al., 2002).

Their chemical characteristics and biology activities are very wide and
able to cause different pathology and pathohistology changes in fish.

Mycotoxins are important contaminants of environment. They enter orga-
nisms by ingestion, but also by inhalation according to WHO report in 1979.
Quite small amounts of these substances can harm health. High concentrations
of mycotoxins are able to provoke acute disorders and can cause cancerogenic,
mutagenic and teratogenic effects.

It is proved that mycotoxins production depends on:
— presence of toxin producing fungi
— convenience of substrate for fungal growth
— environmental conditions for fungal growth.
Fungi will produce mycotoxins only if these conditions are complied.

Toxin productive strains of fungi are able to produce more than one toxin and
also one toxin can be produced by different strains of fungi. But, the presence
of fungal strains which are potential toxin producers in feed is indication of
possible presence of mycotoxins.

High moisture (20—25%) is important factor for fungal growth in the fi-
eld and in the raw plant material. Storage fungi are capable to rise in substra-
tes which contain 12—18% of moisture. Contamination of feed with fungi,
their growth and mycotoxin production during harvesting, transport, storage
and mixing of agricultural products are under the influence of several factors:
moisture, temperature, aeration and presence of other microorganisms.

Recent studies show that growth and toxin production of Aspergillus
(aflatoxin) and Penicillium (ochratoxin A, patulin) are under the influence of
maximal and minimal water activity and temperature values.

Water activity and temperature are specific for every fungal kind growth
and very important for mycotoxin production, e. g. aflatoxin B1 can be produ-
ced in such conditions that water activity and temperature are close to minimal
for growth of other microorganisms. Patulin, penicillium acid and ochratoxin
A are produced at lower water activity and temperature values, mainly mini-
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mal temperature for Aspergillus growth and toxin production is higher than for
Penicillium.

The most important mycotoxicoses in fish are caused by aflatoxins, ochra-
toxins, zearalenone and trichotecenes. Also recently, due to new methods
which are very reliable in quantitative determination of fungi, a great improve-
ment can be noticed in struggle with fungi as fish feed contaminants (R o -
b i n s o n, 1993; L i m and D o m i n y, 1990).

Experience in analysing feed, which is usually in use in fish feeding, has
brought a need of detailed investigation to ensure on time diseases prevention.
The aim of this work was testing of mycotoxins presence usually found in fish
feed.

MATERIALS AND METHODS

During 2004. microbiological and mycotoxicological investigations of to-
tal of 43 samples (31 samples of corn, 8 samples of barley and 4 samples of
wheat) were done. Samples of carbohydrate feedstuffs from fish farms from
allover Republic of Serbia were sent for analyses to laboratories of the Scienti-
fic Institute of Veterinary Medicine of Serbia in Belgrade partly as routine
control, but mostly in case of suspicion about feed quality and its possible
connection with decrease of productive results and health disturbances.

For fungi determination a standard mycology method is implemented. For
mycotoxicology examination of aflatoxin, ochratoxin and zearalenone presence
in samples ELISA quantitative method, which is based on antigen-antibody re-
action, is used. In the wells of microtiter strips, according to the commercial
kit guide (R-Biopharm, Deutschland: Aflatoxin total, Ochratoxin A, Zearale-
non zearalenone), standards and prepared samples are added. As the reaction
has to become visible addition of enzyme and chromogen gives a blue colou-
red product which changes into yellow after the addition of the stop reagent.
Finally, the measurement is made photometrically at 450 nm and the absorp-
tion is inversely proportional to the toxin concentration in the sample. Results
are interpreted and compared to Rulebook of maximal amounts of detrimental
substances in feed (Sl. list 2/90).

RESULTS AND DISCUSSION

According to mycology and mycotoxicology examinations of carbohydra-
te feedstuff samples at the Department for animal nutrition in the Scientific In-
stitute of Veterinary Medicine of Serbia in Belgrade high contamination results
are obtained. Almost 100% of samples were infested with fungi (Table 1 and 2).

The most common mycotoxins are zearalenone, ochratoxin A and afla-
toxin B1 and the highest degree of contamination is registered in corn samples
(Table 3).
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Table 1. Examined feedingstuffs

feedingstuffs N° of samples N° of samples
contaminated with fungi

% of contaminated
samples

corn 31 31 100

wheat 4 3 75

barley 8 8 100

total 43 42 97,67

Table 2. Commonly isolated fungi

N° of samples N° of infested samples isolated fungi

corn 31 31 Penicillium, Mucor, Fusarium,
Aspergillus, Rhisopus

wheat 4 3 Penicillium, Mucor, Fusarium,
Aspergillus, Rhisopus

barley 8 8 Penicillium, Mucor, Fusarium,
Aspergillus

Table 3. Mycotoxin content in feedstuffs, [mg/kg]

corn wheat barley x ± Sd iv

zearalenone 5,30 2,06 2,00 3,12 0,80—5,33

ochratoxin A 0,20 0,22 0,30 0,24 0,16—0,35

aflatoxin B1 0,04 0,005 0,02 0,02 0,00—0,05

Different organs in fish organism are sensitive to different mycotoxins.
According to the characteristics mycotoxicoses are similar to diseases caused
by other pathogens or nutritive deficiency and disbalance.

Degree of changes caused by mycotoxins depends on type and the amo-
unt of mycotoxins in feed, also on exposure duration, age and species of fish.
Mycotoxins induce several disorders in fish organism: biochemical, functional,
morphological and in more severe cases mortality. Biochemical alterations and
metabolism disturbance lead to changes in nutrient resorption and primary
brings to cell and organ alterations.

Toxic effects of certain mycotoxins differ according to age and species of
fish. Younger fish are more sensitive.

Aflatoxicoses of salmonids occurs as a consequence of presence of fungi
Aspergillus flavus, Aspergillus parasiticus, Aspergillus versicolor and Penicilli-
um. The major products of these molds are aflatoxins B1, B2, G1, G2. Other in-
termediates in the biosintetic pathway of this molds, namely, versicolorin A
and sterigmatocystin, can also appear in contaminated feeds. Aflatoxins are
hepatotoxins, also well known as carcinogens.

Aflatoxin penatrates into the cells, binds to the DNA molecules, inhibits
polymerase enzyme and RNA synthesis, that leads to cell changes. In liver
aflatoxin B1 in presence of enzyme transformes into several metabolites. Afla-
toxin metabolites are thought to be the most mutagenic agents which accumu-
late in hepatic tissue.
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First reports about aflatoxin toxicity are made by H a l v e r (1965, 1967)
and B a u e r et al. (1969). They have noted that aflatoxins are powerful carci-
nogens in rainbow trout. The hepatocarcinomata usually reach a clinical level
after 4—6 month of feeding of the contaminated meal. The amount of conta-
mination can be very small, as little as 0,1 ppb in the total diet.

Pathomorfological changes depend on species and age of fish, as well as
on amount of mycotoxins in feed. Aflatoxicoses can manifest in acute or chro-
nic form.

When fed experimentally at high levels, 80 ppb or more, the toxin produ-
ces an acute toxic syndrome, severe or even massive focal hepatic necroses,
and branchial edema, as well as generalized punctate hemorrhage (A s h l e y,
1970).

Acute form manifests usually after 12 hours and chronic form after pro-
longed period of contaminated feed intake. Pathomorphological alterations are
mainly located in liver as anaemia (pale liver) with focal hepatic necrosis and
hemorrhage and renal inflammatory changes. Chronic form, in older fish, is
characterised with invasive malignant trabecular hepatocarcinomata, very obvi-
ous because of the focal, darker zones of malignancy.

Ochratoxins (A, B, C, �� �) are products of isocumarin binded to L
�-phenilalanine.

Ochratoxin A, the most toxic of the metabolites, produced by Aspergillus
ochraceus, is a potential fish toxin since it occurs as a natural contaminant of
corn and wheat (S h o t w e l l i sar., 1969; S c o t t i sar, 1970). Presence of
aflatoxin in fish feed indicates its possible presence in fish tissues. It causes
degenerative changes in liver and necrosis of the proximal tubules, hematopoi-
etic tissue, and glomeruli of the kidney. Ochratoxin A was found to be letal,
with an LD50 of 4,67 mg/kg.

Ochratoxin B, the dechlorinated form of ochratoxin A, was nonlethal at
doses up to 66,7 mg/kg, but the high dose caused some histological changes in
the kidneys and liver similar to those caused by low doses of ochratoxin A.

Trichotecenes are secondary metabolites of several fungal genera. Mostly,
they are produced by Fusarium species, Trihotecium, Myrhotecium, with 18
species in total, and around 100 compounds are chemically described. The
most important natural trichotecens which cause health disturbances are DON-
-deoxynivalenol or vomitoxin and T-2 toxin.

Vomitoxin is one of the naturally occuring trichotecene mycotoxins pro-
duced by genus Fusarium that grow on various cereals grains such as corn,
barley, and wheat. Because wheat and the corn products are used frequently in
cyprinid diets, vomitoxin is a potential problem for carp culture. Fish receiving
low levels (1—12,9 �g/g) of vomitoxin are the diets but demonstrated reduced
growth and feed efficiency, neither clinical signs nor mortalities were observed
during the 8-weeks study (W o o d w a r d et al., 1983).

T-2 toxin is another trichotecene mycotoxin produced by Fusarium speci-
es growing on cereal grains. Its detrimental influence is manifested in dosed
above 2.5 mg/kg as depressed growth, efficiency of feed use, hematocrit,
blood hemoglobin concentration, and feed acceptance. A single acute oral dose
(6.5 mg/kg body wt) given to rainbow trout fingerlings caused extensive shed-
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ding of the intestinal mucosa, severe edema in body cavities, and eventual de-
ath (M a r a s a s, 1967). Long-term (12 month) ingestion of low doses (200—
400 �g/g feed) in older fish had no apparent adverse effect and actually pro-
moted better growth than the control.

CONCLUSION

Losses in aquaculture caused by mycotoxins in feed can be significant.
Direct loss is a consequence of increased mortality and indirect loss is result
of decrease of production and occuring of secondary diseases.

Preventive measures consist of agrotechnical and agrochemical operations
which are implemented to inhibit fungal growth in fish feed.

Decrease of grain damaging and moisture, on time application of fungici-
des and warehouse aeration appeared to be effective in struggle with molds in
fish feed. The safest way to avoid problems is not to use mycotoxin contami-
nated feed in fish nutrition at all.

The most common mycotoxins are described. However, this does not
imply that other may not be important. As new feed ingredients are indentified
and incorporated in fish diets their mold contaminants will need to be identi-
fied and tested for possible deletrious effectious. Whenever general pathologi-
cal symptoms occur in hatchery fish, the role of mycotoxin should not be
overlooked. It is likely that the toxicities of several mold metabolites new to
fish remain to be discovered and researchers are encouraged to test the toxi-
cities of potentially important mycotoxins on various species of fish.
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Rezime

U našoj zemqi je zastupqeno ekstenzivno, poluintenzivno i intenzivno
gajewe ciprinidnih vrsta riba. Kvalitet hrane je bitan preduslov za postizawe
optimalnih proizvodnih rezultata u ribarstvu.

Hrana za ribe proizvodi se kao peletiran kompletan obrok, a sirovine
koje se upotrebqavaju su biqnog, animalnog, mineralnog i vitaminskog porekla.
Od biqnih hraniva najåešãe se upotrebqavaju kukuruz, pšenica, jeåam, ovas,
soja i dr. Dodatnom ugqenohidratnom hranom se zadovoqavaju energetske potrebe
organizma.

U radu su prikazani rezultati higijenske ispravnosti ugqenohidratnih
hraniva (kukuruz, pšenica, jeåam) ispitivanih u laboratoriji Nauånog insti-
tuta za veterinarstvo Srbije u Beogradu u okviru redovne kontrole ili u ciqu
utvrðivawa uzroka poremeãaja zdravstvenog stawa i lošijih proizvodnih rezul-
tata na ribwaku.

U toku 2004. godine izvršena su mikrobiološka i mikotoksikološka is-
pitivawa ukupno 43 uzorka: 31 uzorak kukuruza, 8 uzoraka jeåma i 4 uzorka pše-
nice.

Dobijeni rezultati ukazuju na visok stepen kontaminacije gqivicama (Asper-
gillus, Penicillium, Fusarium, Rhizopus) i na prisustvo wihovih sekundarnih meta-
bolita mikotoksina (aflatoksin, ohratoksin, trihteceni, zearalenon) u hrani-
vima.
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XEROTOLERANT MYCOPOPULATIONS AND
MYCOTOXINS IN MUESLI COMPONENTS*

ABSTRACT: The presence of fungi was investigated in 22 samples of different dried
plant origin products used for the preparation of muesli (grain products, dried fruit, nuts,
oilseeds), using three media. The determined contamination levels were between 0,6%
(grain products) and 46,4% (raisins).

The xerotolerant Aspergillus, Penicillium and Eurotium species, mostly toxigenic, and
fungi from Rhizopus genera, were the most frequent in the investigated samples.

Aflatoxin B1 (AB1) was not detected in any sample, while aflatoxin G1 (AG1) was
found in one almond sample (0,14 �g/kg). Two almond samples were contaminated with
ochratoxin A (OA), 8,00 and 16,00 �g/kg, and one sunflowerseed sample had it in traces.
Zearalenone was found in two sunflowerseed samples (120,00 and 200,00 �g/kg).

KEY WORDS: contamination, mycotoxins, fungi, dried fruit products

INTRODUCTION

Muesli are the mixtures of different grain products in combination with
dried fruit and nuts, oilseeds and other components. These products are custo-
mary present in vegetarian and macrobiotic nutrition. This type of foodstuff is
also very often used in nutrition of other categories of population, with the
aim to decrease obesity and other health problems, as well as the need for pro-
per and balanced intake of nutrients. They are recommended as a biologically
valuable meal and as the source of fibres.

However, the microbiological contamination of dried plant origin pro-
ducts is a very serious problem from the standpoint of both hygienic and he-
alth aspect. The grains and fruit are contaminated by different fungi species
during the vegetation period, and some of them may produce toxic metaboli-
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tes. The possibility of subsequent contamination with fungi and mycotoxins is
increasing during processing and further handling.

The xerotolerant (xerophylic) mycopopulation is regularly present in sto-
rehouses of dried products. The representatives of this group are some Asper-
gillus and Penicillium species, Emericella, Eurotium, Paecilomyces, Wallernia,
Xeromyces and others (P i t t, 1975; P i t t and H o c k i n g, 1985; B e u -
c h a t and H o c k i n g, 1990).

This work includes the investigations of the presence of fungi in indivi-
dual components used for the preparation of muesli, the presence of xerophilic
populations and the most important mycotoxins.

MATERIALS AND METHODS

22 samples of dried plant products — components of muesli — were in-
cluded in the investigations: grain flakes — wheat, oat, rye, barley, and corn
(5 samples), raisins (5 samples), almond (3 samples), hazelnut (3 samples),
sunflowerseed (3 samples) and naked pumpkinseed (3 samples).

Three mycologic media were used for the isolation of fungi and determi-
nation of total count: a) Sabouraud maltose agar- common medium; b) Czapek
yeast extract agar with 20% of saccharose (CY20S): K2HPO4 — 1 g, Czapek
concentrate — 10 ml, yeast extract — 5 g, saccharose — 200 g, agar — 15 g,
distilled water — 1 l; c) Malt extract yeast extract 20% glucose agar (MY20G):
malt extract — 10 g; yeast extract — 2,5 g, glucose — 200 g, agar — 10 g,
distilled water up to 800 g.

The standard Koch's method was used as the isolation technic. The ino-
culated Petri dishes (in duplicate) were incubated for 7 days at 25°C.

The idenfitication and determination of fungal genera and species were
carried out according to E l l i s (1971) and H o c k i n g (1985) and S a m -
s o n and v a n R e e n e n - H o e k s t r (1988).

The determination of toxic fungi metabolites, aflatoxins B1 (AB12) and
G1 (AG1), ochratoxin A (OA) and zearalenone (ZEA) was performed using
the multimycotoxinic method of B a l z e r et al. (1978). The toxins were de-
termined by thin-layer chromatography (TLC). The determined toxins were
quantified by visual comparison of fluorescence intensity of sample spots with
the corresponding referent standard.

RESULTS AND DISCUSSION

Investigating the contamination with fungi of six groups of components
used for the preparation of muesli (Figure 1), it was found that their occurren-
ce was especially expressed in raisins, 46,4%. To lesser extent were contami-
nated the naked pumpkinseed (24,1%), almond (17,0%) and sunflowerseed
(10,7%), while the contamination of grain flakes is practically negligable
(0,6%).
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The results of mycological in-
vestigations (Figure 2) showed that
xerophylic micropopulations are the
most frequent in dried vegetable pro-
ducts. Species from Aspergillus ge-
nus were isolated from 81,8%, Pe-
nicillium from 59,1% and Euroti-
um from 31,8% of samples. The
presence of Paecilomyces genus was
somewhat less (22,7%). The occur-
rence frequency of non-xerophilic
fungi was: Rhizopus 45,4%, Cla-
dosporium 27,3%, Syncephalastrum
22,7%, Alternaria 18,2%, Fusari-
um 13,6%, Mucor and Trichoder-
ma 9,1%, Aureobasidium, Monili-
ella and Scopulariopsis 4,5%.

This second group of signifi-
cantly more numerous genera is
usually more active before drying
and in this kind of foodstuff, which

is insufficiently dry, however, all genera
are not equally significant. Fusarium and
Alternaria genera should be separated, as
their representatives are known to synthe-
size different toxic metabolites (G o t o,
1990; V i n a s et al., 1992), when the
substrate moisture content is above 20%
(B u l l e r m a n et al., 1984). However,
due to the ability of xerophylic fungi to
grow under reduced moisture, they are sig-
nificantly more difficult to control. Their
growth depends on the aw range from
0,80 to 0,61 (extreme xerophylic Xeromy-
ces bisporus, Chrisosporium fastidum etc.)
(B e u c h a t and H o c k i n g, 1990).

The xerophylic fungi isolated from
muesli components are in the group of
imperfect forms (Fungi imperfecti), or are
the perfect forms of Aspergillus genus
(Eurotium). Their presence is presented
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Figure 1. Contamination of muesli components
by fungi

Figure 2. Presence of fungi genus



in Table 1. Twenty one (21) xerophylic species were determined, representing
52,5% of total number of isolated ones (40). A. niger is dominant between
them, and it's presence was found (registered) in raisin, almond, hazelnut,
sunflowerseed and naked pumpkeen seed, followed by A. flavus and P. auran-
tiogriseum. Comparing the individual components it can be concluded that al-
mond, hazelnut and sunflowerseed were contaminated with highest number of
fungi species.

A. niger and A. flavus were found in 68,6 and 36,4% of samples, respec-
tively, pointing to the domination of Aspergillus spp. in dried products. Euroti-
um herbariorum (22,7%) was the most frequent fungus of Eurotium genera.
The same frequency was noted in Penicillium aurantiogriseum and Paeci-
lomyces variotii. The ratio of A. terreus, P. chrysogenum and P. glabrum was
also significant. The deterioration of walnut, dried fruit and different seeds
may be connected with species isolated during these mycologic investigations
(P i t t and H o c k i n g, 1985; A b d e l g a v a d and Z o h r i, 1993; W e i -
d e n b o r n e r and K u n z, 1994).

Table 1. Xerophilic fungi isolated from muesli components

Mould species Grain
flakes Raisins Almond Hazelnut

Sun-
flower-

seed

Naked
pumpkin-

seed

Presence
(%)

Aspergillus candidus + 4,5

A. Flavus + + + + 36,4

A. niger + + + + + 63,6

A. ochraceus + 4,5

A. penicilloides + 4,5

A. tamarii + 4,5

A. terreus + + 18,2

A. versicolor + + 9,1

A. wentii + 9,1

Eurotium amstelodami + 9,1

E. chevalieri + 4,5

E. herbariorum + + + 22,7

Paecilomyces variotii + + 22,7

Penicillium
aurantiogriseum + + + + 22,7

P. brevi-compactum + + 9,1

P. chrysogenum + + 13,6

P. glabrum + + + 13,6

P. implicatum + 4,5

P. restrictum + 4,5

P. rugulosum + 4,5

P. spinulosum + 4,5

Most of the isolated species produce different toxic metabolites, however,
A. flavus (aflatoxins), A. ochraceus, P. aurantiogriseum, P. chrysogenum (ochra-
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toxin A), A. versicolor, Eurotium spp. (sterigmatocistin) and Paecilomyces va-
riotii (patulin) are the producers of the most important mycotoxins (H a c k -
i n g and R o s s e r, 1981; F r i s v a d, 1988; G o t o, 1990; D u r a k o v i ã
and D u r a k o v i ã, 2003). These toxins produced as secondary metabolites,
are potential mutagenes, teratogenes, cancerogenic and immunosuppressive agents.

The results of the investigations of contamination with aflatoxins (AB1
and AG1) and ochratoxin A (OA), including the investigation of zearalenone
of Fusarium spp. are presented in Table 2.

Table 2. Mycotoxins in muesli components

Sample
Aflatoxins (�g � kg–1) Ochratoxin A

(�g � kg–1)
Zearalenone
(�g � kg–1)AB1 AG1

Grain flakes:

Wheat — — — —

Rye — — — —

Oat — — — —

Barley — — — —

Corn — — — —

Raisins

1 — — — —

1 — — — —

3 — — — —

Almond

1 — — 16,00 —

2 — — 8,00 —

3 — 0,14 — —

Hazelnut

1 — — — —

2 — — — —

3 — — — —

Sunflowerseed

1 — — — —

2 — — — 120,00

3 — — — 200,00

Naked pumpkinseed

1 — — — —

The presence of AB1 was not stated in any muesli component, while one
almond sample contained AG1 in concentration of 0,14 �g/kg. Two almond
samples were contaminated with OA in detectable quantities, and one sun-
flowerseed sample in traces. The toxin level in one almond sample was 16,00
�g/kg, and according to our legislations the maximum allowed limit of OA is
10,00 �g/kg (Yugoslav Official Regiester SRJ 5, 1992). Zearalenone was found
in two sunflower samples, in high concentrations, 120,00 and 200,00 �g/kg.

85



In contrast to aflatoxin and ochratoxin, zearalenon acts as estrogenic hor-
mone affecting in the first place the genital tract of laboratory animals (O ÿ e -
g o v i ã and P e p e l j n j a k, 1995).

Having in mind that contamination occurs during the vegetation period of
plants, there is no absolute safety from contamination with mycotoxins, how-
ever, severe control, preventing the contamination with and growth of these
microorganisms throughout the whole production and processing chain, to the
consumers, may be the preventive activities in decreasing the risk of the
exposure to alimentary diseases. This is a very important problem as toxins are
cummulating in the organism, their effect is long-lasting and it is very difficult
to remove them from the living organism.
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KSEROTOLERANTNE MIKOPOPULACIJE I MIKOTOKSINI
U KOMPONENTAMA MUSLIJA

Gordana R. Dimiã, Ÿeqko M. Maletiã, Sunåica D. Kociã-Tanackov
Tehnološki fakultet, Bul. Cara Lazara 1,

21000 Novi Sad, Srbija i Crna Gora

Rezime

Ukupno 22 uzorka razliåitih suvih biqnih proizvoda za pripremu muslija
(proizvodi od ÿitarica, sušeno voãe, jezgrasto voãe, seme uqarica) ispitana
su na prisustvo plesni, na tri podloge. Utvrðeni nivoi kontaminacije bili su
izmeðu 0,6% (proizvodi od ÿitarica) i 46,4% (suvo groÿðe).

Kserotolerantne Aspergillus, Penicillium i Eurotium vrste, najveãim delom
toksigene, zajedno sa plesnima roda Rhizopus, bile su najzastupqenije u ispiti-
vanim uzorcima.

Od uzoraka analiziranih na aflatoksine, aflatoksin B1 (AB1) nije detek-
tovan, dok se aflatoksin G1 (AG1) nalazio u jednom uzorku badema (0,14 �g/kg).
Ohratoksinom A (OA) bila su kontaminirana dva uzorka badema (8,00 i 16,00
�g/kg) i jedan suncokreta (u tragovima). Kod dva uzorka suncokreta pronaðen je
zearalenon (120,00 i 200,00 �g/kg).
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MOULD AND MYCOTOXIN CONTAMINATION
OF PIG AND POULTRY FEED*

ABSTRACT: During ten-year period (1995—2004), a totat of 756 analyses of pig
and poultry feed was performed. Standard methods were used for microbiological determi-
nation. Qualitative and quantitative analyze of mycotoxins was performed by TLC tech-
nique.

Feed for young categories contained from 100 to 3,400,000 CFU/g of feed. In
35.71% of all samples the detected amount was above acceptable levels. Feed for adult ca-
tegories contained from 800 to 8,000,000 CFU/g of feed. In only 7.54% of samples this
amount was over the tolerable level. Species determination revealed great heterogeneity,
with the most common findings of Penicillium spp. (28.38%), Aspregillus spp. (26.37%),
Mucor spp. (24.67%), Fusarium spp. (11.33%) and Rhizopus spp. (9.22%).

The amount and type of mycotoxin varied depending on the feed category as well as
on year of detection, implicating a strong influence of climatic factors and average humidity
of the specified year. In a total of 320 analyzed feeds for pigs and poultry the characteristic
finding was a combined contamination with two or three mycotoxins.

In 161 samples of feed for young animals the presence of AFB1, F-2 and OTA was
detected in 36, 161 and 161 samples, respectively, while in 33, 83 and 71 samples the de-
tected amounts were above tolerable levels.

In 159 samples of feed for adult animals the presence of AFB1, F-2 and OTA was
detected in 32, 159 and 159 samples, respectively, while in 31, 65 and 99 samples the de-
tected amounts were above tolerable levels.

KEY WORDS: mould, mycotoxin, feed, pig, poultry

INTRODUCTION

Spoilage of the feed generally means the deviation of standard quality,
which incorporates changes of organoleptic properties, nutritional value, as
well as of hygienic properties. Spoiled feed could be potentially harmful, but
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not necessarily. Nevertheless, medical aspect of spoiled feed is expressed by
the decrease of optimal animal performance, incidence of metabolic disorders,
health disturbance, even with lethal outcome. Spoilage of feed is caused by
chemical, physical, and biological effects. One of the most common is the pre-
sence of microorganisms. Because of their paired effects, via direct impact on
nutritive value and/or by the production of mycotoxins, the presence of fungi
and moulds in feed is considered as a very important issue in the determina-
tion of the overall feed quality. Thus, it could be interesting to evaluate the re-
sults of feed used in pig and poultry nutrition, analyzed in our laboratory, and
to compare the results with the current legislative, as well as with our earlier
findings (S i n o v e c et al., 1989; Š e f e r et al., 1989; N e d e l j k o v i ã et
al., 1994; Š e f e r et al., 1994).

MATERIAL AND METHOD

During ten-year period (1995—2004), a total amount of 756 analyses of
feed samples for all the categories of pigs and poultry was performed. Stan-
dard microbiological methods were used for the determination of microorga-
nism presence. Mycotoxins were detected qualitatively and quantitatively by
TLC chromatography (AOAC, 1980). All the results were statistically analy-
zed and compared with the maximal tolerable amounts stipulated by the cur-
rent legislative (Pravilnik, 1990).

RESULTS

Feed for young categories contained from 100 to 3,400,000 CFU/g of
feed. In 35.71% of all samples, the detected number was above maximum to-
lerable levels. Feed for adult categories contained from 800 to 8,000,000
CFU/g of feed. In only 7.54% of samples this amount was over the tolerable
level. Regarding the category of animals, an interesting finding was the fact
that feed for young animals is more often contaminated with higher amounts
of moulds than allowed (Table 1).

Table 1. Mould contamination of fed for pigs and poultry

Pigs Poultry

Piglets Fattening Reproduction Broilers Layers

No. of samples 88 61 40 136 111

Over max. level, % 25 4.91 7.5 42.64 9

Species determination revealed great heterogeneity, with the most com-
mon findings of Penicillium spp. (28.38%), Aspregillus spp. (26.37%), Mucor
spp. (24.67%), Fusarium spp. (11.33%) and Rhizopus spp. (9.22%).

The amount and type of mycotoxin varied depending on the feed cate-
gory as well as on year of detection, implicating a strong influence of climatic
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factors and average humidity of the specified year. Out of a total of 320
analyzed feeds for pigs and poultry the characteristic finding was a combined
contamination with two (78.75%) or three (21.25%) mycotoxins.

Out of 161 samples of feed for young animals the presence of AFB1, F-2
and OTA was detected in 36, 161 and 161 samples, respectively, while in 33,
83 and 71 samples the detected amounts were above the tolerable levels.

Out of 159 samples of feed for adult animals the presence of AFB1, F-2
and OTA was detected in 32, 159 and 159 samples, respectively, while in 31,
65 and 99 samples the detected amounts were above the tolerable levels
(Table 2).

Table 2. Feed samples contaminated with mycotoxins

No of
samples X Sd

Over max.
tolerable

levels

Piglets AFB1 23 0.05 ± 0.02 13

F-2 87 5.06 ± 2.74 82

OTA 87 0.27 ± 0.23 87

Fattening AFB1 8 0.06 ± 0.04 8

F-2 35 3.97 ± 2.33 30

OTA 35 0.31 ± 0.14 29

Reproduction AFB1 9 0.06 ± 0.04 2

F-2 36 5.25 ± 3.20 34

OTA 36 0.27 ± 0.11 7

Broilers AFB1 13 0.05 ± 0.04 9

F-2 74 5.14 ± 2.69 0

OTA 74 0.26 ± 0.15 70

Layers AFB1 16 0.04 ± 0.03 16

F-2 88 5.28 ± 2.61 0

OTA 88 0.23 ± 0.12 41

DISCUSSION

Fungi and mould growth in feedstuffs is associated with the utilization of
nutrients from the host, causing alteration in the nutritional content of the fe-
edstuff. The germ of the grain is the main site for Aspergillus spp. develop-
ment, thus the reduction of energy value due to fat utilization in contaminated
grain should be expected. Having in mind that young animals are usually fed
with high-energy feed, extra supplementation of oil due to decreased energy
value will increase feed cost. On the other hand, formulating feed upon ingre-
dient tables and not taking into account nutritional damage of specific loads
could lead to undernutrition and decrease of animal performance. The con-
sumption of mouldy feed caused growth depression in chicks (F r i t z et al.,
1973). Not only fat, but also sugars are exposed to mould utilization, leading
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to further decrease of nutritive value. The reduction of fat and carbon hydrates
content due to mould growth and respiration caused a decrease of 5% in meta-
bolical energy level (B a r t o v, 1982).

The changes in protein and amino acids content of mouldy grains are not
well correlated, as it is the case with energy sources. Relative protein content
in mouldy grains was slightly higher than in mould free ones (C o o k, 1994),
but probably due to a more intensive utilization of fat and carbohydrates com-
pared to protein. Nevertheless, the total nitrogen content in moldy grains was
decreased. Regarding the amino acids, it was concluded that the changes oc-
curred in the amounts of some, especially essential ones. After moulding, a
decrease in lysine (45%), arginine (50—54%), histidine (49.5%) and cysteine
(74.5%), as well as an increase in methionine (34.5—54%) was observed
( K a o and R o b i n s o n, 1972).

The development of moulds on stored feedstuffs may result from conta-
mination in the field or during the storage. Isolated species in our case are
mostly storage contaminators, implicating that the high number of contamina-
ted feed is most probably the result of manipulative mistakes during storage of
feedstuffs or feed. Inadequate environmental conditions in storage facilities,
lack of control and other factors during feed production and manipulation co-
uld strongly contribute to the aggravation of this problem.

Adequate judgment of detected number of microorganisms in feed is even
more demanding due to ambiguous legislative statements regarding tolerable
amounts, especially when young and adult categories are in question. More
precise criteria are needed concerning exact definitions of age and productive
specificities of different animal species.

During unfavourable environmental conditions moulds are able to change
metabolical pathways, which is consider to be a defensive mechanism. Secon-
dary toxic metabolites, also known as mycotoxins, are produced by several ge-
nuses of moulds. The estimation is that approximately 25% of global grain
production is contaminated by known mycotoxins (D a v e g o w d a et al.,
1998), while even greater percentage could be contaminated with still un-
known ones. Regarding those facts, the presence of mycotoxins in animal feed
represents a great problem for animal production in our country. During
1999—2000 the presence of zearalenone, ochratoxin A, aflatoxin B1 and T-2
toxin was found out in 72.3—74.5, 41.2—63.6, 20.1—21.65 and 29.7—45.1%
of scrutinized feed samples (B o å a r o v - S t a n å i ã i sar., 2000). Moreover,
laboratory data demonstrate that over 70% of feed samples are contaminated
with two or more mycotoxins in the amounts above maximal approved limits
( Š e f e r et al. 1994; M a š i ã et al., 2002).

Some of them have great nutritional, medical and economical importan-
ce in animal production (aflatoxins, ochratoxins, zearalenone, trichothecenes).
They are mostly produced by Aspregillus, Penicillium and Fusarium species.
Their impact on animal's health and performance are relatively well described
in the literature. Functional and structural changes in target tissues, organs and
systems (H u m p h r e y s, 1988; W i l l i e and M o r e h o u s e, 1978) lead to
deterioration of health with possible death, decrease in performance and signi-
ficant economic losses.
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Special attention should be paid to the impact of mycotoxins in human
consumers. Of greatest concern in humans (E l l i s et al., 1991) is AFB1 im-
plicated role in primary liver cancer in some geographical areas in Africa and
Asia, where values of high dietary AFB1 daily intake were encountered. It is
difficult, however, to establish a possible casual role of AFB1 in geographical
areas where the incidence rate of primary liver cancer is very low, as in Euro-
pe and North America, and where the dietary AFB1 daily intake is very low.

OTA is the main cause of an irreversible and fatal kidney disease (Balkan
endemic nephropathy). It could be the result of the consumption of commo-
dities directly contaminated with toxigenic strains of fungi, as well as by the
consumption of meat of animals which have eaten OTA-contaminated feeds
( B l u n d e n et al., 1991).

F-2 toxin can produce oestrogenisation and pseudogravidity in women
and it is related with prostate carcinoma. On the other hand, zearalenone deri-
vates used as chemotherapeutics can benefit in menopause disturbances. Com-
mercial application exists in some countries where �-zearalenone is used as
growth stimulator in steer and lamb breeding (H i d y et al., 1977, US Food
and Drug Administration 1980). Significance of zearalenone is connected with
climate conditions in Balkan region that are optimal for Fusarium growth, as
well as for the F-2 production. According to recent investigation zearalenone
is the mycotoxin with the highest prevalence in feed for swine, with an increa-
sing trend (M a š i ã et al., 2002), indicating that more than 75% of positive
feed samples contained F-2 above the maximal tolerable levels.

CONCLUSION

The changes in the nutritive value that can occur after mould contamina-
tion of feed should be taken into consideration when feed efficiency is estima-
ted regarding animal's performance. Although the major role in detrimental ef-
fects is contributed to the mycotoxins, it would be much precise if both factors
— decrease of nutritive value and toxin impact — could be regarded together.
The most important role of this interaction could be observed when low levels
of mycotoxin are present.

Prevention and control of mould development should be one of the major
tasks in the efforts to provide safe and adequate feed for domestic animals.
Permanent monitoring is needed on all levels of production and storage, as
well as the use of known methods to reduce mould contamination or toxin
content in feedstuffs and feed. Improved legislative could further positively
contribute to the better control and solution of mouldy feed problems. Preser-
ved feed quality is the main condition in assurance of expected animal perfor-
mance and good health, leading further to high quality of animal products, sa-
fe for human nutrition.
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KONTAMINACIJA SMEŠA ZA ISHRANU SVIWA I ŸIVINE
PLESNIMA I MIKOTOKSINIMA

Radmila V. Markoviã, Nebojša D. Jovanoviã,
Dragan S. Šefer, Zlatan J. Sinovec

Fakultet veterinarske medicine,
11000 Beograd, Srbija i Crna Gora

Rezime

Tokom desetogodišweg perioda (1995—2004) izvršeno je ukupno 756 ana-
liza uzoraka stoåne hrane namewenih za ishranu ÿivine i sviwa. Za mikrobio-
lošku analizu uzoraka korišãene su standardne metode, a kvalitativno i kvan-
titativno ispitivawe navedenih mikotoksina izvršeno je TLC metodom.

Smeše za mlade ÿivotiwe sadrÿale su od 100 do 3.400.000 plesni/gr, pri
åemu je åak 35.71% ispitivanih uzoraka sadrÿalo nedozvoqen broj plesni. Sme-
še za odrasle ÿivotiwe sadrÿale su od 800 do 8.000.000 plesni/gr, pri åemu je
svega 7.54% ispitivanih uzoraka sadrÿalo nedozvoqen broj plesni. Vrste izo-
lovanih rodova plesni pokazuju veliku heterogenost, a najåešãe su detektovane
Penicilium spp. (28.38%), Aspergillus spp. (26.37%), Mucor spp. (24.67%), Fusarium
spp. (11.33%) i Rhisopus spp. (9.22%).

Koliåina i vrsta mikotoksina varira u odnosu na vrstu smeše, kao i u od-
nosu na pojedine godine, što moÿe da se dovede u direktnu vezu sa klimatskim
faktorima, odnosno sa godišwom vlaÿnošãu. Ispitano je ukupno 320 smeša za
ishranu sviwa i ÿivine, a karakteristiåno je da je velik broj smeša bio kon-
taminiran sa dva, odnosno tri mikotoksina.

Od ukupno 161 uzorka hrane za mlade ÿivotiwe prisustvo AFB1, F-2 i
OTA utvrðeno je u 36, 161 i 161 uzorku, od åega je, istim redom, 33, 83 i 71 uzo-
rak sadrÿao navedene mikotoksine iznad dozvoqene granice.

Od ukupno 159 uzoraka hrane za odrasle ÿivotiwe prisustvo AFB1, F-2 i
OTA utvrðeno je u 32, 159 i 159 uzoraka, od åega je, istim redom, 31, 65 i 99
uzoraka sadrÿalo navedene mikotoksine iznad dozvoqene granice.
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SOIL FUNGI AS INDICATORS OF PESTICIDE
SOIL POLLUTION*

ABSTRACT: Soil fungi, with their pronounced enzymic activity and high osmotic
potential, represent a significant indicator of negative effects of different pesticides on the
agroecosystem as a whole. In that respect, a trial was set up on the alluvium soil type with
the aim to investigate the effect of different herbicides (Simazine, Napropamid, Paraquat),
fungicides (Captan and Mancozeb) and insecticides (Fenitrothion and Dimethoate) on a
number of soil fungi under apple trees.

The number of soil fungi was determined during four growing seasons by an indirect
method of dilution addition on the Czapek agar.

The study results indicate that the fungi belong to the group of microorganisms that,
after an initial sensible response to the presence of pesticides in the soil, very rapidly esta-
blish normal metabolism enabling them even to increase their number. The fungicides and
insecticides applied were found to be particularly effective in that respect.

KEY WORDS: fungi, soil, pesticides, apple

INTRODUCTION

With the aim of obtaining high yields of agricultural crops, modern agri-
cultural production demands use of different chemical compounds. According
to the data obtained by H a j n i s et al. (1979), 20% of crop farming produc-
tion and almost 60% of fruit production are based on the use of chemical crop
protection. Discontinuation of pesticide application, according to the FAO da-
ta, would decrease agricultural crops yield by 30—50% with the damage of
about 75 billion dollars (E j h l e r, 1986).

Besides an immediate desired effect, pesticides also have side-effects on
biosphere, the extent of which is comparable to that of global ecological fac-
tors (H u s t o n and W a g a n t, 1989). Soil microorganisms, particularly soil
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fungi, represent a biogeosphere component determining the level of their real
toxic effect, since they take part in their detoxication and mineralization, using
them as carbon and energy sources (Ð u k i ã and M a n d i ã, 1998; N u n e z
et al., 2001). According to the data obtained by B u m p u s and T a t a r k o
(1994), the level of these processes depends on the soil-climatic conditions,
oxidoreduction potential or, more precisely, on the secretion of enzymes of the
lignin degradation system (of lignin peroxidase, manganese peroxidase, quinol
oxidase etc.) — S t a h l and A u s t (1995).

On the other hand, high pesticide concentrations, decreased organic mat-
ter amount and soil moisture contribute to a decline in the number and activity
of soil fungi (K j o l l e r and R o s e n d a h l, 2000), impacting also the plant
nutrition itself and change in soil structure and fertility (B e t h l e n f a l v a y
and S h u e p p, 1994).

The aim of the paper was to determine the effect of different herbicides
(Simazine, Napropamid, Paraquat), fungicides (Captan and Mancozeb) and in-
secticides (Fenitrothion and Dimethoate) on the number of soil fungi in the
soil under apple trees.

MATERIAL AND METHOD

The trial was set up on the alluvium soil type (pHnKCl — 5.8, humus —
0.98%, N-0.04%, P2O5 — 14.80 mg 100 g–1 soil, K2O — 16.80 100 g–1 soil)
of the Experimental Farm of the Fruit and Grape Research Centre in Åaåak, in
a randomized block design with three replications. The experimental plot size
was 20 m2. Seedlings of the Idared apple variety were used as test plants and
treated in early spring with the following pesticides:

Herbicides: Simazine — 4 dm3 ha–1, Napropamid — 9 dm3 ha–1, Paraquat
— 4 dm3 ha–1

Fungicides: Captan — 0.2%, Mancozeb — 0.2%;
Insecticides: Fenitrothion — 0.2%, Dimethoate — 0.15%.
Once a month, four times during the growing season, soil sampling was

performed for determining the soil fungi number.
The soil fungi number was determined by an indirect method of addition

of 0.5 cm3 10–5 dilution on the Czapek agar.
The data obtained were processed by the variance analysis method and

the Lsd test was used to perform testing of the significance of differences.

INVESTIGATION RESULTS AND DISCUSSION

Based upon the analysis of variance of the experimental data obtained,
we conclude that the effect of the herbicides, fungicides and insecticides used
on the number of soil fungi depended not only on their type, but also on the
period of sampling for the analysis.

Besides Napropamid, in initial stages of the growing season, the rest of
the herbicides used considerably decreased the number of soil fungi, Paraquat
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being the leading one in that respect (Graph. 1). After Å u l a k o v et al.
(1975), the use of this preparation affects the cell membrane permeability, in-
directly impacting a decline in the number of this group of microorganisms. A
decline in soil moisture during the second investigation period resulted from a
pronounced depressive effect of Simazine as opposed to Napropamid and
Paraquat the use of which resulted in increased numbers of this group of mic-
roorganisms. The increase in the number of soil fungi in the presence of opti-
mal rates of the preparations was recorded by C h o p a and M a g u (1985),
who associated it with the cometabolic effect in the soil, indirectly affecting
the vitality and tolerance of soil fungi to herbicides. At the end of the growing
season, excepting Napropamid, a moderate loss of the effects expressed was
registered.

In terms of the growing season, the number of soil fungi increased till the
third investigation period, whereas the lowest number was recorded at the end
of the growing season being in correlation with the plant activity, that is with
the amount and value of root exudations as potential food sources for this gro-
up of microorganisms (Y e m t s e v and Ð u k i ã, 2000).

The fungicides used, particularly Mancozeb, in the initial vegetation sta-
ges, significantly affected a decline in the number of soil fungi being in accor-
dance with the results obtained by K l i n g and J a c o b s e n (1997), who
underlined a significant effect of the fungicides on the growth reduction of
hyphae and their division, as well as on the decrease in the activity of
enzymes responsible for decomposition of these pesticides. During their further
determination over the sampling periods, there was a rise in the number of
fungi in all variants and a loss of the fungicide effect of the preparations being
expressed till the end of the growing season (Graph. 2). Similar impacts of af-
tereffects of fungicides on the increase in the number of fungi were highlig-
hted by W a i n w r i g h t and P u g h (1975).
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Graph. 1. Effect of herbicides on the number of soil fungi (105 g–1 soil)



In the first investigation period the Dimethoate insecticide highly signifi-
cantly decreased the number of fungi, whereas the effect of Fenitrothion was
statistically insignificant (Graph. 3). In the second and especially in the third
period, a gradual loss of a depressive effect of dimethoate and a pronounced
stimulative effect of Fenitrothion were recorded. At the end of the growing se-
ason, in spite of the decline in the fungi number, the stimulative effect of the
insecticides used was still present. To that end are also the results of other aut-
hors who point out that with the extension of the incubation period, the num-
ber of soil fungi in the conditions of organophosphorous insecticide applica-
tion increase, resulting as explained from stimulation of mineralization proces-
ses, respiration and oxidoreduction processes in the soil (T u, 1970, J e n k i n -
s o n, 1976).
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Graph. 2. Effect of fungicides on the number of soil fungi (105 g–1 soil)

Graph. 3. Effect of insecticides on the number of soil fungi (105 g–1 soil)



CONCLUSION

— The number of soil fungi depends not only on the type of pesticides
used, but also on the growing season of the plants cultivated and the time of
their determination;

— Of all the herbicides used, the highest and longest depressive effects
on the development of soil fungi was registered with Simazine, the effect of
Napropamid being the smallest;

— Both fungicides applied perform inhibition of soil fungi development
during the first two months following their application;

— The smallest and shortest inhibitory effect on soil fungi was expressed
by the insecticides used, Fenitrothion in particular.

A general conclusion could be made, being that the fungi belong to the
group of microorganisms that after an initial sensible response to the presence
of pesticides in the soil very rapidly establish normal metabolism, indicating
that this parameter of soil biologic activity must be taken into account during
monitoring of pesticide pollution of soil.
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Leka Mandiã1, Dragutin Ðukiã1 i Sneÿana Ðorðeviã2

1 Poqoprivredni fakultet, 32000 Åaåak, Srbija i Crna Gora
2 Poqoprivredni fakultet, Beograd, 11081 Zemun,

Nemawina 6, Srbija i Crna Gora

Rezime

Zemqišne gqive, sa izraÿenom enzimskom aktivnošãu i visokim osmot-
skim potencijalom, predstavqaju znaåajan pokazateq negativnih uticaja razli-
åitih pesticida na agro-ekosistem kao celinu. U tom pogledu, izvršen je ogled
na aluvijalnom tipu zemqišta sa ciqem da se ispita uticaj razliåitih herbi-
cida (Simazine, Napropamid, Paraquat), fungicida (Captan i Mancozeb) i insek-
ticida (Fenitrothion i Dimethoate) na jednom broju zemqišnih gqiva pod stabli-
ma jabuka.

Broj zemqišnih gqiva odreðivan je tokom åetiri sezone gajewa indirekt-
nom metodom dodavawa razblaÿivaåa na Åapek agar.

Rezultati prouåavawa pokazuju da gqive koje pripadaju grupi mikroorgani-
zama koji, posle jednog poåetnog osetqivog odgovora na prisustvo pesticida u
zemqištu, vrlo brzo uspostavqaju normalan metabolizam koji im omoguãuje da
åak postaju mnogobrojniji. U tom pogledu, fungicidi i pesticidi pokazali su
se priliåno uspešnima.
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SUGARBEET ROOT ROT IN DROUGHT
CONDITIONS*

ABSTRACT: In recent years several types of sugarbeet root rot have occurred in our
country causing significant economic damage. The most frequent symptoms are leaf chloro-
sis and brown-black wet necrosis of the root. The necrosis spread through the entire root
and vascular strands.

In the course of this study F. oxysporum was the most frequently isolated from infec-
ted sugar beet roots. The incidence of other fungi (Fusarium solani, Rhizoctonia solani and
Macrophomina phaseolina) was much lower and it depended on weather conditions. High
temperatures occurring during dry years encourage the development of F. oxysporum, the
causer of sugar beet root rot.

In 2000, an extremely dry year, plant vitality was satisfactory in the experiment with
irrigation and the average root rot incidence was low (2,91%). In the nonirrigated variant
the average incidence was high (71,02%).

It may be concluded on the basis of the results from five years (2000—2004) that the
major causal agents of sugarbeet root rot in our country are species from genus Fusarium,
especially F. oxysporum. Fusarium wilt and root rot are due to the increased frequency of
dry and warm years.

KEY WORDS: sugarbeet, root rot, Fusarium oxysporum, Fusarium solani, Rhizocto-
nia solani, Macrophomina phaseolina, drought conditions

INTRODUCTION

In recent years, several types of sugarbeet root rot have occurred in our
country causing significant economic damage (S t o j š i n et al., 1999; J a -
s n i ã et al., 2001; S t o j š i n, 2003; M a r i ã , S t o j š i n, 2004). Pathologi-
cal changes occurring on sugarbeet roots may be caused by parasitic and
non-parasitic factors. Phytopathogenic fungi play a primary role in the occur-
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rence of these diseases. According to the researchers who have studied agents
of root rot, Fusarium rot is the major root disease in our country (M a r i ã et
al., 1970; M a r i ã, 1992; S t o j š i n et al., 2000; J a s n i ã et al., 2001; P e -
j o v i ã et al., 2003; S t o j š i n, 2003; M a r i ã , S t o j š i n, 2004). Fusarium
rot and charcoal rot (Macrophomina phaseolina) cause the most extensive da-
mage (M a r i ã et al., 1970; S t o j š i n, 1993; S t o j š i n, 1999). Other fungi
such as Thanatephorus cucumeris (anamorph Rhizoctonia solani), agent of
brown rot, Streptomyces scabies, agent of root scab, Pleospora bjoerlingii
(anamorph Phoma betae) etc. occur periodically on individual sugarbeet plants
and they do not cause great damage (M a r i ã, 1992; M a r i ã , S t o j š i n,
2004).

The intensity of the occurrence of sugarbeet root rots and composition of
mycoflora depend to a large extent on weather conditions. The most extensive
damages have occurred under conditions of dry and warm summers, caused
most frequently by Fusarium root rot (S t o j š i n, 1993; J a s n i ã et al., 2001;
S t o j š i n, 2003; J a s n i ã et al., 2004). In view of the increasing importance
of Fusarium root rot in our country, in this paper we discuss the disease
symptoms, agents and their frequency and the weather conditions that encoura-
ge the occurrence of root rot.

MATERIAL AND METHODS

Root sampling

Sugarbeet root rot was registered at several locations across the Vojvodi-
na province and monitored in the 2000—2004 growing seasons. Root samples
were taken at different locations in order to identify the causal agent(s) and
study the disease symptoms. Roots were sampled at random, and the roots ha-
ving typical disease symptoms were used for isolation and determination of
causal agent(s).

Isolation of fungi

Pieces of tissue 0.5 x 0.5 cm were excised at the border between healthy
and infected portions of sugarbeet roots. These pieces were immersed into
HgCl2 sublimate for half a minute, for surface sterilization, and then rinsed
with sterilized water. The sterilized pieces were placed on PDA medium in
sterilized Petri dishes and kept at 25oC in a thermostat for fungal isolation. Af-
ter the development of fungal colonies, the isolates were sieved to make pure
cultures which served for the determination of fungi.

The determination of the fungi from genus Fusarium

Pure cultures of the fungi from genus Fusarium were transferred to a car-
nation medium (CLA) and kept under black light to stimulate fructification.
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The determination of the fungi was performed on the basis of the appearance
of fungal colonies, conidia and conidiophores, and the development of chlami-
dospores (N e l s o n et al., 1983; B u t g e s s et al., 1988, 1991).

The effect of irrigation on the occurrence of root rot

Irrigation is a practice that protects sugarbeet roots from rotting during a
dry period. The effectiveness of irrigation in the prevention of root rot was as-
sessed in a sugarbeet irrigation trial conducted at Rimski Šanåevi experiment
field. The sugarbeet variety Delta was used in the trial. Nine irrigations were
performed (12 May, 2 June, 12 June, 22 June, 5 July, 18 July, 26 July, 4 Au-
gust and 14 August 2000) with a total of 390 mm of water/ha. Individual irri-
gation rates varied between 30 mm and 50 mm per hectare. Conventional cul-
tivation practices were applied. The previous crop was wheat. The control va-
riant included the same cultivation practices, but without irrigation. It simula-
ted drought conditions since the natural rainfall during the growing season
(April—September) was 149 mm, i.e., 210 mm less than the 30-year average.

The harvest was performed on 18 October 2000. The harvested roots
from both variants were checked for the signs of infection. After the check, in-
fected roots were randomly sampled for isolation and determination of causal
agents of root rot.

RESULTS

Disease symptoms

The observed symptoms of root rot were different and they were placed
in three groups:

— Brown-black wet necrosis of the root. The necrosis starts at the tip of
the root and it spreads to the crown, i.e. through the entire root. The infected
root perishes. A root cross section shows a wet, brown to black necrosis of the
tissue, which spreads to vascular strands. Infected plants may be recognized by
chlorotic leaves. These leaves wilt gradually, to become dry and necrosed.

— Symptoms on root surface. The infected root becomes grayish, loses
turgor and wilts. A longitudinal cross section shows a brown to black necrosis
of vascular strands. This type of necrosis is called „dry rot". The infected roots
do not perish but remain in the soil as wilted, shriveled and frequently covered
with colonies of saprophytic fungi from the genera Aspergillus and Penicilli-
um. The leaves of the infected plants are chlorotic, but they do not dry and pe-
rish.

— Dark brown, irregular-shaped, necrotic spots on root surface. The nec-
rosis typically remains on the surface without extending into the root. The in-
ner part and vascular strands of the root remain uninfected. Infected plants ha-
ve green leaves and cannot be distinguished from completely healthy ones.
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Incidence of fungal species isolated from infected sugarbeet roots

Table 1 shows the incidence of fungal species isolated from infected su-
garbeet roots in the period 2000—2004.

Table 1. Incidence of the fungal species isolated from infected sugarbeet roots (2000 — 2004)

Year
No. of
infected

roots

Isolated fungi (in percentage)

Fusarium spp. Rhizoctonia
solani

Macrophomina
phaseolina

Other
saprophytes

2000 99 68.8 0.0 2.5 6.0

2001 30 16.7 10.0 0.0 6.7

2002 60 26.3 4.7 4.7 48.3

2003 30 61.9 11.8 7.1 23.3

2004 55 30.9 18.2 0.0 14.5

Average (X) — 40.9 8.9 2.8 19.8

The five-year results of isolations from infected sugarbeet roots indicated
that the genus Fusarium was the most frequent and the genus M. phaseolina
the least frequent.

Table 2 shows the incidence of the species from the genus Fusarium in
2000, 2002 and 2003.

Table 2. Incidence of the species from the genus Fusarium

Year
Incidence in percentage

Fusarium oxysporum Fusarium solani

2000 98.5 1.5

2002 60.0 40.0

2003 100.0 0.0

Average (X) 86.2 13.8

Table 2 shows that the species F. oxysporum predominated in all expe-
rimental years. The species F. solani was isolated in 2002, but to a much
lower extent.

Effect of irrigation of sugarbeet root rot
Table 3 shows the effects of irrigation of sugarbeet root rot in the year

2000.

Table 3. Effect of irrigation on sugarbeet root rot (2000)

Replic. Treatment
No. of

healthy/infected
roots

% of infected
roots

Fungi (in %) isolated from
infected roots

Fusarium spp. Penicillium spp.

I irrigation 34/0 0.0 0.0 0.0

II irrigation 34/1 2.85 50.0 3.4

III irrigation 34/2 5.55 36.0 3.4

Average: 34/1 2.91 28.6 2.3
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I dry farming 25/12 32.43 34.6 28.6

II dry farming 1/34 97.14 24.4 28.0

III dry farming 5/30 85.71 25.0 28.9

Average: 10/25 71.02 28.0 21.4

The results in the table illustrate the importance of irrigation in mitigating
the incidence of root rot — 2.91% infected roots were found in irrigation as
opposed to 71.02% found in dry farming. The analysis of the isolated Fusari-
um species showed that only F. solani occurred in irrigation, while in dry far-
ming 40% of the isolated species were F. oxysporum and 60% F. solani.

DISCUSSION

We have described several Fusarium diseases that cause the wilt and rot
of sugarbeet roots. Despite their increasing importance, these diseases have not
received due attention, especially in our country. One of these diseases, which
causes leaf chlorosis and root rot, had been named 'sugar beet yellows'. It was
described by S t e w a r t (USA) in 1931. The author found that the disease
was caused by the fungus Fusarium conglutinas var. betae. That species was
later on renamed into F. oxysporum f. sp. betae (S n y d e r , H a n s e n, 1940).
The disease was subsequently described in other countries, Belgium, the Ne-
therlands, Germany and India, in which it caused significant reduction of sugar
content in roots (W h i t n e y , D i f f u s, 1986).

Besides this species which is widely spread and which is typically a ma-
jor disease, other Fusarium species have been described capable of causing
pathological changes of sugarbeet roots. The species F. avenaceum caused
damping-off of sugarbeet seedlings in India (M u k h o p a d h y a y, 1987). The
species F. culmorum, F. sambucinum, F. solani and F. coeruleum (syn. F. so-
lani var. coeruleum) caused the rot of root core in the former Czechoslovakia
( K o c k o v a - K r a t o c h v i l o v a et al., 1958). Fusarium root rot typically
caused by F. oxysporum f. sp. betae was described in our country in 1967
( M a r i ã et al., 1970; M a r i ã, 1974). Since then, the disease occurred regu-
larly each year but it varied in intensity (B a l a ÿ , S t o j š i n, 1997). Besides
that disease, charcoal rot caused by M. phaseolina may attain significant pro-
portions while R. solani is typically a minor disease (M a r i ã , S t o j š i n,
2004).

In the course of this study, F. oxysporum was most frequently isolated
from infected sugarbeet roots. The species F. solani, R. solani and M. phaseo-
lina occurred less frequently. Dominance of F. oxysporum as agent of root rot
was reported by other authors, too (S n y d e r , H a n s e n, 1940; M a r i ã,
1974; W h i t n e y , D i f f u s, 1986; R u p p e l, 1991; J a s n i ã et al., 2001;
M a r i ã , S t o j š i n, 2004). In the period 2000—2004 (Table 1), the inciden-
ce of Fusarium species ranged from 68.8% in 2000 to 16.7% in 2001. Fusari-
um incidence increased sharply in dry years such as 2000 and 2003, and it
decreased (16.7%—30.9%) in years with favorable conditions and evenly di-
stributed rainfall. The incidence of other fungi (R. solani and M. phaseolina)
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was much lower and it depended on weather conditions. Many authors associ-
ate the incidence of fungal agents of root rot with prevailing weather conditi-
ons (Š e n å e n o , S i g n a e s k a j a, 1962; T o p o r o v s k a j a, 1969; M a -
r i ã, 1974; B a l a ÿ , S t o j š i n, 1997; J a s n i ã et al., 2001; J a s n i ã et
al., 2004). These authors claim that intensive infections occur in dry years,
when plant turgor drops considerably. Microorganisms penetrate the root in
early summer, particularly in the case of plants weakened by drought. The in-
tensity of fungal penetration corresponds with the intensity and duration of
water deficit. Low plant vitality caused by drought or other factors tends to ac-
tivate the intrinsic mycoflora and trigger the disease as demonstrated by disea-
se symptoms of the whole plant and the root. Fusarium species are known as
parasites of weak plants. Warm weather, i.e., temperatures over 25°C, encoura-
ge the development of F. oxysporum, while lower temperatures encourage the
development of F. solani (I v a n o v i ã , I v a n o v i ã, Dragica, 2001). High
temperatures occurring during dry years favor the development of the former
fungal species. F. solani incidence increases in rainy years which typically ha-
ve lower temperatures than normal years. However, even rainy years do not
have optimum temperatures for development of this fungus, as confirmed by
the 2000 results from our study. In that extremely dry year, when the rainfall
during growing season at Rimski Šanåevi was 149 mm, or 210 mm below the
long-term average, plant vitality was satisfactory in the irrigated variant and
the average root rot incidence was 2.91%. In the nonirrigated variant, the ave-
rage incidence was 71.02%. Fusarium species predominated in both variants.

It is difficult to explain the low incidence of Macrophomina phaseolina
in the years favorable for this fungus such as 2000 and 2003, which had dry
and warm summers (W h i t h e y, D i f f u s, 1986).

Rhizoctonia solani, the agent of brown root rot, occurs in years with
warm and humid summers (P a r m e t e r, 1970). Such conditions occur seldom
in our country, and this explains the low incidence of R. solani. Under the lo-
cal conditions, 2003 was favorable for this species and its incidence intensified
accordingly.

It may be concluded on the basis of the results from several years that the
major causal agents of sugarbeet root rot in our country are species from the
genus Fusarium. Their 5-year average incidence was 40.9%, as compared with
8.9% for R. solani and 2.8% for M. phaseolina.

In the light of the increasing incidences of Fusarium wilt and root rot in
our country, which are due to the increased frequency of dry and warm years,
it is necessary to study in more detail the etiology of these diseases and mea-
sures for their control.
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TRULEŸ KORENA ŠEÃERNE REPE U USLOVIMA SUŠE
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Rezime

Posledwih godina razliåiti tipovi truleÿi korena šeãerne repe se åe-
šãe javqaju u našoj zemqi prouzrokujuãi znaåajne ekonomske štete Najåešãi
znak oboqewa je hloroza lišãa obolelih biqaka u poqu. Na korenu ovih biqaka
uoåavaju se tamno mrke nekrotiåne površine, koje se spajaju zahvatajuãi veãi
deo ili celu površinu korena. Vlaÿna nekroza zahvata unutrašwa tkiva korena
i oboleli koreni trule i propadaju. Reðe se javqa samo nekroza sudova korena.
Zaraÿeni korenovi dobijaju sivkastu boju, gube turgor i venu. To je tzv. suva
truleÿ korena šeãerne repe.

Iz obolelih korenova šeãerne repe u petogodišwem periodu (2000—2004)
izolovali smo najåešãe vrstu Fusarium oxysporum a u znatno mawoj meri F. sola-
ni i gqive Rhizoctonia solani i Macrophomina phaseolina pored niza saprofitnih
vrsta (Tab. 1). Posmatrawem petogodišweg perioda moÿe se videti razliåit
stepen zastupqenosti izolovanih vrsta iz roda Fusarium, koji se kreãe od 68,8%
u 2000. do 16,7% u 2001. godini. U sušnim godinama kao što su 2000. i 2003. go-
dina zastupqenost vrsta iz roda Fusarium se znatno poveãava, a u godinama sa
povoqnim uslovima i ravnomernim rasporedom padavina zastupqenost gqiva
iz ovog roda znatno opada (16,7—30,9%). Zastupqenost ostalih izolovanih gqi-
va (R. solani i M. phaseolina) bila je znatno mawa i zavisila je takoðe od vre-
menskih uslova tokom vegetacije.

Slabqewe vitalnosti biqaka, usled suše i nekih drugih faktora, dovodi
do aktivirawa gqiva iz roda Fusarium i nastajawa oboqewa koje se ispoqava
uvenuãem biqaka i simptomima na korenu. Poznato je da su vrste iz roda Fusa-
rium paraziti slabosti koji se najboqe razvijaju na oslabqenim biqkama. Ove
åiwenice potvrðuju i rezultati navodwavawa na pojavu truleÿi korena u 2000.
godini. U ovoj ekstremno sušnoj godini, u uslovima navodwavawa, gde je vital-
nost šeãerne repe bila zadovoqavajuãa, truleÿ korena bila je minimalna sa
proseåno 2,91% trulih, dok je u suvom ratarewu, bez navodwavawa, kod oslabqe-
nih biqaka proseåna truleÿ korena bila 71,02% (Tab. 2).
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Na bazi višegodišwih rezultata moÿe se zakquåiti da su najznaåajniji
prouzrokovaåi truleÿi korena šeãerne repe gqive iz roda Fusarium sa proseå-
nom zastupqenošãu od 40,9%, u odnosu na proseånu zastupqenost R. solani od
8,9% i M. phaseolina od 2,8% u petogodišwem vremenskom periodu (Tab. 1). S
obzirom na sve veãi znaåaj fuzarioznog uvenuãa i truleÿi korena šeãerne repe
kod nas, zbog sve åešãih sušnih godina, potrebno je detaqnije prouåavawe eti-
ologije oboqewa i mera suzbijawa.
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PATHOGENICITY OF FUSARIUM SPECIES
IN SOYBEAN*

ABSTRACT: The paper describes the symptoms of the Fusarium wilt and necrosis of
root and lower stem of soybean, which include leaf chlorosis, wilt of the apical portion of
the plant, necrosis of the root and lower stem, and wilting of the whole plant. The pods are
often poorly developed. The seeds may be smaller and lighter in the weight and infected, as
well.

Isolated from diseased soybean plants were the species Fusarium avenaceum, F.
equiseti, F. oxysporum and F. poae. Pathogenicity tests under artificial infection conditions
showed F. oxysporum (isolate S/1) to be the most pathogenic among of the four investiga-
ted species. The other species proved much less pathogenic.

KEY WORDS: soybean, Fusarium avenaceum, F. equiseti, F. oxysporum, F. poae,
pathogenicity

INTRODUCTION

The Fusarium wilt and necrosis of root and lower of soybean (abbrevia-
ted to FWNS) is an important disease in many countries. It can cause great da-
mage, as it may reduce the average yield of soybean by up to 59% (S i n c l a -
i r and B a c k m a n, 1989). The fusariosis of soybean was first recorded in
1917 in the U.S. (C r o n w e l l, 1917) and has since been reported in many
parts of the world (S i n c l a i r and B a c k m a n, 1989). In our country, the
disease was first observed and described in 1964 by A ã i m o v i ã (1988),
and later by T o š i ã et al. (1986) as well. These authors identified Fusarium
sp. as the causal agent of the disease without specifying which of the species
in particular were responsible for causing it.
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In Serbia and Montenegro, the FWNS occurs sporadically and with vary-
ing intensity. The severity of attack mainly depends on weather conditions du-
ring the growing season. There are no data available on the specific species
that cause soybean fusariosis in the country and their importance and pathoge-
nicity to soybean.

Because of this, the objective of our study was to identify the species of
the genus Fusarium that cause the FWNS and to investigate their pathogeni-
city.

MATERIALS AND METHODS

The FWNS was observed on soybeans at some locations in the province
of Vojvodina. Samples of soybean plants showing symptoms of the disease
were collected in order to determine and identify the causal organism responsi-
ble. The randomly selected diseased plants were used to isolate the fungi cau-
sing the disease.

Isolation of fungi

Using a scalpel, pieces of tissue 0.5 x 0.5 cm in size were cut out of the
marginal zone between the healthy and diseased stem tissue. The pieces were
then immersed in a sublimate (HgCl2) for about half a minute for external de-
sinfection purposes, after which they were rinsed with sterile water. The steri-
lized stem pieces were then placed in Petri dishes filled with a potato dextrose
agar (PDA) medium and used for isolation of fungi. The Petri dishes were
kept in a thermostate at 25°C. After the development of colony the usual
phytopathological methods were applied to obtain pure, monosporous culture
of isolates and their determination.

Determination of species from genus Fusarium

The monosporous cultures of Fusarium fungi were transferred onto a me-
dium consisting of water, agar and carnation leaves, known as the CLA medi-
um (F i s h e r et al., 1982). The isolates were grown at room temperature un-
der artificial lighting with ultraviolet light added. The source of light were
three 40W neon tubes and a black tube emitting the so-called black light (Phi-
lips TLD 36W/08). Growing fungi from genus Fusarium on the CLA medium
in the above manner promotes their sporulation and pigmentation.

Ten to 14 days after the incubation, the isolates of monosporous cultures
were used for further study of morphological characteristics, species determi-
nation and pathogenicity tests.

Taxonomic characteristics were determined based on the appearance of
the colony of fungi on the PDA medium and the formation of conidia, coni-
diophores and chlamydospores on the CLA medium (N e l s o n et al., 1983;
B u r g e s s et al., 1988; B u r g e s s et al., 1994).
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Pathogenicity tests

The pathogenicity of the isolates of fungi was tested in several ways:
— by soybean seed inoculation on filter paper;
— by sowing inoculated seeds in sterile soil;
— by sowing uninfected seeds in artificially infected soil.
The following Fusarium isolates were used for pathogenicity tests: S/5,

S/8, S/1, S/2 and S/10. They differed from each other in color and colony ap-
pearance and were all obtained from diseased stems except the isolate S/2,
which was obtained from a wilted soybean seedling.

The conidia suspension for inoculation was prepared by pouring 50 ml of
sterile water into each of the Petri dishes containing 14-day-old Fusarium iso-
lates, stirring the mixture with a sterile glass stick, and pouring it into a glass.
The concentration of conidia in the suspension was determined using Türk-
-Bürger's plate for spore count. It was set to 1x106 conidia/ml.

Test on filter paper

Seeds of the soybean cultivar Ravnica were sterilized for three minutes
with a 1% solution of sodium hypochlorite, rinsed twice with sterile water,
and then dipped in the conidia suspension of the each of investigated isolate
for a period of five hours. After that, the seeds were placed on wet filter paper
in four Petri dishes, each representing one replicate, with 15 seeds per dish.
The seeds were germinated in a thermostate at 25°C. Soybean seeds dipped in
sterile water for five hours were used as the control. The number of germina-
ted and rotted seeds was determined after seven days, while the number of de-
formed (diseased) seeds and the total number of healthy seeds were determi-
ned after ten days. All the data were statistically processed by the analysis of
variance and by determining the significance threshold using Duncan's test.

Planting of infected seeds in sterile soil

For this test, the preparation of conidia suspension and seed inoculation
were carried out identically as in the previous one. Inoculated seeds were
sown in pots containing sterile soil (10 seeds per pot). The trial included four
replicates, so each isolate was used to inoculate 40 seeds in total. The pots
were kept in a greenhouse at 22—24°C and watered according to their need.
Used as the control treatment were the seeds dipped in sterile water and then
planted in sterile soil. The number of emerged plants was recorded ten days
after planting.

Test in artificially infected soil

Healthy soybean seeds were planted in pots filled with sterile soil, after
which the soil was artificially infected by pouring 50 ml of the conidia suspen-
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sion into each pot. Ten seeds per pot were planted. The trial had four replica-
tes, so 40 seeds were inoculated with each isolate overall. The pots were kept
in a greenhouse at 22—24°C and watered according to their need. Sterilized
soil watered with 50 ml of sterile water per pot was used as the control. Ten
days after planting, the number of emerged plants was counted. The number of
plants that wiled after emergence was recorded after 14 days.

RESULTS

Disease symptoms

During cool and wet springs, wet rotting and damping off of soybean see-
dlings was observed in inspected soybean fields. The seedlings often died be-
fore emerging, still in the soil. The diseased seedlings necrotize and rot in the
soil. The emerged seedlings are stunted in growth. The cotyledons are chloro-
tic, later become necrotic and decay. The diseased seedlings wilt and dry up.
This type of symptoms occurs rarely in Serbia and Montenegro. If the diseased
seedlings do not decay, they produce plants that have poor development, have
stunted growth and form pods with smaller and curved seeds. The seeds of
such plants are often infected.

The symptoms may also appear in older plants during mid-growing sea-
son under warm weather conditions. One of the typical signs of the disease is
leaf chlorosis. The diseased leaves wilt and dry up. Dropping and wilting of
the stem tip is another characteristic symptom. The diseased plants may wilt
down and dry up completely. Their roots are necrotic and rotten, and the nec-
rosis will often spread to the lower stem. A cross-section of the stem will re-
veal necrosis of the vessels. The diseased plants develop fewer pods, which
contain smaller seeds.

Most frequently isolated from such plants were fungi of the genus Fusa-
rium.

Isolation of fungi

The following species were isolated first from the diseased seedlings and
then from the infected stems as well: F. avenaceum, F. equiseti, F. oxysporum
and F. poae.

Determination of Fusarium species

On the potato-dextrose medium, isolate S/5 formed colonies light yellow
to reddish in color. The color of the colony in the medium was pinkish red or
brown. On the monophialides conidiophores in the carnation medium, the iso-
late developed long and slender macroconidia, whose walls were parallel on a
portion of the conidium. Microconidia formed very rarely, while chlamydospo-
res did not form at all. Based on morphological characteristics, the isolate S/5
was determined to belong to the species F. avenaceum.
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Colonies of the isolate S/8 were initially white but became darker with ti-
me and turned light brown in the end. In the medium, the colonies were
brown as well. On the CLA medium, extremely curved, sickle-shaped macro-
conidia developed with their characteristic foot-shaped apical cells. Macroconi-
dia did form on the monophialides, while microconidia did not. Chlamydospo-
res formed in chains or clusters. The isolate S/8 was found to be the species F.
equiseti.

Isolates S/1 and S/2 formed colonies ranging from white to dark purple in
color depending on the isolate. On the carnation medium, macroconidia for-
med orange-colored sporodochia on the monophialides. Most often, they were
short and had three septa and a pointed end. They formed a large number of
microconidia, clustered into so-called false heads. The microconidia were uni-
cellular and either elyptical or kidney-shaped. The colonies contained numero-
us chlamydospores. All these characteristics pointed to the isolates being of
the species F. oxysporum.

On the potato medium, colonies of the isolate S/10 were white in the be-
ginning but turned purple to brown with age. On the carnation medium, few
macroconidia developed. This isolate was definitively identified as being of
the species F. poae because of its characteristic round or lemon-shaped micro-
conidia with a prominent papilla. The isolate did not form chlamydospores.

Pathogenicity test of Fusarium species

The test results are shown in Table 1. The table shows the average values
of the four replicates.

Tab. 1. Pathogenicity of Fusarium species on soybean

Species

Filter paper test Test with
sterile soil Inoculated soil

Average
no. of

germinated
seeds

Average
no. of
rotted
seeds

Average
no. of

malformed
seedlings

Average
no. of
healthy
seeds

Average
no. of

emerged
plants

Average
no. of

emerged
plants

Average
no. of
wilted
plants

Fusarium
avenaceum S/5 14.25 1.75 0.75 12.50** 4.75** 8.25 0.50

Fusarium
equiseti S/8 15.00 0.25 2.50** 12.25** 6.50 8.00 0.25

Fusarium
oxysporum S/1 12.50** 3.75** 1.50 10.00** 3.75** 9.25 1.75

Fusarium
oxysporum S/2 14.00 1.75 2.50** 10.75** 6.00 8.50 0.25

Fusarium
poae S/10 15.00 1.75 3.00** 10.25** 7.25 9.50 0.25

Control 15.00 0.25 0.50 14.25 7.25 8.50 0.00

LSD 0.01 1.76 2.95 1.98 1.91 2.43 2.57 2.30

0.05 1.09 1.75 1.48 1.43 1.80 1.86 3.61
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Test on filter paper

According to the results of seed inoculation on filter paper shown in Ta-
ble 1, all of the isolates of fungi from genus Fusarium exhibited a greater or
lesser degree of pathogenicity, as they all significantly reduced the average
number of healthy seeds (10—12.5) relative to the uninfected control treatment
(14.25). F. oxysporum isolate S/1 proved to be the most aggressive one, as it
had the most significant negative effect on seed germination. The rest of the
Fusarium fungi had no significant influence on germination (Tab. 1).

Planting of infected seeds in sterile soil

As shown in Table 1, F. avenaceum (isolate S/5) and F. oxysporum (iso-
late S/1) were highly pathogenic, since they highly significantly reduced the
germination of artificially infected soybean seeds, i.e. the number of plants
emerged. F. equiseti had less negative influence on germination.

Test in artificially infected soil

In this case, the Fusarium isolates had no significant influence on seed
germination. All of them, however, caused plant wilting after emergence. The
average number of wilted plants ranged between 0.25 and 1.75, depending on
the species. S/1 was the isolate with the highest level of pathogenicity in this
particular test. However, no statistically significant differences in the average
number of wilted plants were found related to the uninfected control.

Our results showed that F. oxysporum, isolate S/1 had the highest level of
pathogenicity in all of the tests. The pathogenicity of the rest of the species (F.
avenaceum (S/5), F. equiseti (S/8), F. poae (S/10) and S/2 F. oxysporum) va-
ried.

DISCUSSION

In Serbia and Montenegro, the Fusarium wilt and necrosis of root and
lower stem of soybean is present in some years to a greater or lesser extent.
The FWNS was first observed in our country 1964 (A ã i m o v i ã, 1988) and
the causal organism was identified as Fusarium sp. Ever since, the disease has
failed to receive adequate attention, although it does occur from time to time.
The causal agents of FWNS, fungi of the genus Fusarium, were not determi-
ned, nor was their pathogenicity established. After isolation from diseased
soybean plants taken from various locations in the Vojvodina province, the
species F. avenaceum, F. equiseti, F. oxysporum and F. poae were identified.

Around 30 species from genus Fusarium have been described worldwide
as causal agents of soybean fusariosis (S i n c l a i r and D h i n g r a, 1975).
However, not all of them are of equal importance. Some are very widespread
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and pathogenic, while others are less virulent and have no major economic im-
portance.

According to the literature, Fusarium solani f. sp. glycines is among the
most pathogenic species in North and South America (N e l s o n et al., 1997;
R o y, 1997; H o m m a et al., 2002). This parasitic species causes a rapid de-
ath of soybean plants (Sudden Death Syndrome) and it is responsible for ma-
jor economic damages. In 2002, for example, it caused an estimated damage
of around 157 million USD in some states in the U.S. (W r a t h e r et al.,
2003). In the present study, this species was not isolated from the diseased
soybean plants, although it has been reported in some European countries
( P a t k o w s k a, 2001).

In our study, the highest level of pathogenicity in all the tests was
exhibited by F. oxysporum. This species has been reported as a major patho-
gen in many other countries of the world (Y a s e m d e R o m e r o et al.,
2002; P a t k o w s k a, 2001; R e y n o l d s and P o t t e r, 2001; T e n u t a,
2004). It was interesting that there exists signicant difference beetwen two F.
oxysporum isolates (S/1 and S/2). The isolate S/1 obtained from diseased stem
was much more virulent than the isolate S/2 from wilted seedlings. The rest of
the species we isolated exhibited a considerably lower degree of pathogenicity
and probably have no major importance in the etiology of the disease. Some
of them have also been isolated in other countries but have not exhibited a sig-
nificant level of pathogenicity, which supports the findings of the present
study (W a r r e n and K o m m e n d a h l, 1971; V a r d a n i y a, 1971).

Other species mentioned in the literature as important soybean pathogens
are F. semitectum, F pallidoroseum, F. tucumaniae and F. virgiliforme in South
America and India (G o u l a r t, 2000; G u p t a and A n e j a, 2001; S k a n -
d i a n i et al., 2004; A o k i et al., 2004). None of them have been isolated
in Serbia and Montenegro, as their development requires warm and humid
weather.

Since dry and warm summers are becoming more and more common in
our country, special attention has to be paid to the species Fusarium oxyspo-
rum, which exhibited a significant amount of pathogenicity to artificially infec-
ted soybeans. This species is known as a weakness parasite that attacks plants
weakened by unfavorable environmental conditions.
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PATOGENOST FUSARIUM VRSTA NA SOJI
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Rezime

Fuzariozna uvelost, nekroza korena i prizemnog dela stabla soje pojedi-
nih godina se javqa i u našoj zemqi u veãoj ili mawoj meri. Ovo oboqewe se
intenzivnije javqa u godinama sa toplim i suvim letima, pogodnim za razvoj
uvelosti soje, prouzrokovane vrstama iz roda Fusarium. Iz uzoraka obolelih bi-
qaka sa simptomima oboqewa su izolovane i determinisane vrste Fusarium ave-
naceum, F. equiseti, F. oxysporum i F. poae. U ogledima sa veštaåkom inokulaci-
jom soje najveãu patogenost ispoqavao je izolat S/1 F. oxysporum. F. oxysporum
(S/1) je znaåajno smawio klijavost i nicawe biqaka soje, a poveãao broj trulih
zrna. Ostale vrste ispoqile su znatno slabiju patogenost.

Problemu fuzariozne uvelosti, nekroze korena i prizemnog dela stabla
soje trebalo bi posvetiti veãu paÿwu zbog moguãnosti uveãawa znaåaja ovog obo-
qewa, usled sve åešãe pojave toplih i suvih leta, povoqnih za razvoj bolesti.
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ANTIFUNGAL ACTIVITY OF ESSENITAL OIL
HYSSOPUS OFFICINALIS L. AGAINST MYCOPATHOGEN

MYCOGONE PERNICIOSA (MANG)*

ABSTRACT: The most commonly cultivated mushroom species is the Agaricus bi-
sporus Lange (Imb). One of the major pathogenic diseases of the cultivated mushroom in
Serbia is Mycogone perniciosa (Mang). Biological control systems are not much used in
mushroom cultivation. Medical and aromatic plants have been placed in the focus of intense
studies.

Pure culture of the M. perniciosa was isolated from infected A. bisporus. The essen-
tial oil of Hyssopus officinalis L. is used as a potential antifungal agent. The most abundant
components in oil are isopinocamphone (43.29%), pinocamphone (16.79%) and b-pinene
(16.31%). Antifungal activity of Hyssop was investigated by the modified microatmosphere
method. The minimal inhibitory quantity was 5 �L/mL and a minimal fungicidal quantity
was 15—20 �L/mL.

There is no report on the use of Hyssop essential oil in mushroom disease.
KEY WORDS: Agaricus bisporus, Hyssopus officinalis, essential oil composition, an-

tifungal activity, Mycogone perniciosa

INTRODUCTION

Agaricus bisporus Lange (Imbach) is a common edible mushroom with
major economic value and a cosmopolitan distribution (K e r r i g a n, 1995).
World wide cultivation of the button mushroom is 1.9 million tones in 1998/
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1999 (V a n G r i e n s v e n, 2003). The cultivated mushrooms are subject to
various diseases and pests that have the capacity to cause serious crop losses.
Many microorganisms, such as fungi, bacteria and viruses attack mushrooms.
Fungi are effectively the most important group of pathogens (F l e t c h e r et
al., 1986). One of the major pathogenic diseases of the cultivated mushroom
is Mycogone perniciosa (Mang), commonly known as Wet Bubble Disease
(WBD) which caused considerable crop loss (S i s t o et al., 1997, S h a r m a
and K u m a r, 2000, B o r a and Ö z a k t a n, 2000, N a n a g u l y a n and
Y e s a y a n, 2002).

The symptom of WBD is the development of cauliflower-like distortion
on fruit bodies of A. bisporus like sclerodermoid masses that are white and
fluffy at the beginning, but become brown with age and decay. In the conditi-
ons of a very high humidity brown drops develop on the surface of tumour-li-
ke bodies. Spores are infectious and spread by water splash and by insect vec-
tors. The primary source of the pathogen is contaminated casing, but the
secondary one is caused by facilities, personnel and insect vectors.

Mushroom cultivation in Serbia is still less developed than in other Euro-
pean countries. M. perniciosa has a significant influence on the quality and
yield of mushrooms.

Very limited numbers of fungicides are available and approved for use in
mushroom cultivation. Also, the development of pathogen resistance to the
fungicides was closely related to the frequency of their use (G r o g a n and
G a z e, 1998). Biological control systems, which have been successfully ap-
plied to some crops, are not much used in mushroom cultivation. It is difficult
to find some safe disease spray to use on mushrooms when they are close to
harvest. One possibility might be using herbal spray. Medical and aromatic
plants have been placed in the focus of intense studies.

Hyssopus officinalis, L. belongs to the Labiate family of plants, of which
numerous species have antiseptic properties against bacteria, fungi and viruses.
Hyssop is a perennial sub shrub native to southern Europe, the Mediterranean
region, and temperate Asia and naturalized in the United States. The therapeu-
tic activity of the herb of H. officinalis has usually been attributed to the com-
ponents of its essential oil. As a medicinal plant, Hyssop has been used as a
carminative, diaphoretic, emmenagogue, expectorant, stimulant, stomacher, and
tonic. Leaves have been used as a remedy for asthma, rheumatism, sore thro-
ats, wounds, ulcers, and tumours (L a w l e s s, 2002).

In this study, we examined the action of essential oil of Hyssopus offici-
nalis against the mycopathogen Mycogone perniciosa. The use of natural anti-
fungal compounds in the control of human, animal and plant diseases of mic-
robial origin was reported before (S o k o v i ã, 2001).

MATERIALS AND METHODS

Essential oil and analysis — Essential oil of Hyssopus officinalis L. is
commercial sample obtained by the Institute for Medicinal Plant Research „dr
Josif Panåiã", Belgrade.
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Essential oil was investigated for its composition by the use of analytical
GC/FID and GC/MS technique. For these purpose HP 5890 series II gas chro-
matograph, equipped with split-split less injector, fused silica capillary column
(25 m x 0.32 mm), coated with cross-linked methyl silicone gum (0.5 �m film
thickness), and FID was employed. Essential oil solutions in ethanol (1%)
were injected in split mode (1:30). Injector was heated at 250°C, FID at
300°C, while column temperature was linearly programmed from 40—280°C
(4°/min). GC/MS analyses were carried out on a HP-GCD, equipped with
split-split less injector, fused silica capillary column (50 m x 0.2 mm) PONA,
coated with cross-linked methyl silicone gum (0.5 �m film thickness). The
chromatographic conditions were as above. Transfer line (MSD) was heated at
280oC. EIMS spectra (70eV) were acquired in scan mode in m/e range 40—
300.

The identification of individual constituents was made by the comparison
of their retention times with those of analytical standards, and by computer se-
arching, matching mass spectral data with those held in Wiley/NBS library of
mass spectra. For quantification purposes area percent reports obtained by FID
were used (A d a m s, 1995).

Fungal strain and media — Samples of diseased mushrooms were col-
lected from mushroom farms in Serbia. Pure culture of the M. perniciosa was
isolated from diseased A. bisporus in the Mycological Laboratory, Institute for
Biological Research „Siniša Stankoviã". The mycopathogen was maintained on
potato dextrose agar (PDA). The cultures were stored at 4°C and subcultured
once a month (B o o t h, 1971).

Test for antifungal activity — The modified microatmosphere method
( Z o l l o et al. 1998) was used for the investigation of antifungal activity of
essential oils. Petri plates measuring 50 mm were filled with 10 mL potato
dextrose agar (PDA) medium and then seeded with a small amount of 7-days-
-old mycelium culture of the tested fungi. The Petri dishes were then inverted
and the determined amount (5—20 �L/mL) of pure oils impregnated on sterile
filter paper discs (6 mm in diameter) deposited on the inverted lid. Minimal
inhibitory quantities (MIQ) and minimal fungicidal quantities (MFQ) of essen-
tial oils were noted every 7 days. MIQ and MFQ are reported as the mean ±
SD of three replicates for each concentration (quantities) of oils. The inverted
Petri dishes were incubated at 25°C for 21 days.

RESULTS AND DISCUSSION

The results of chemical analysis of essential oil from Hyssop are presen-
ted in Table 1. The results suggested that the activity of H. officinalis can be
attributed to ketons which are the main constituents: isopinocamphone (43.29%),
pinocamphone (16.79%) and b-pinene (16.31%).

The essential oil of H. officinalis showed a very strong antifungal acti-
vity. The minimal inhibitory quantity was 5 �L/mL and minimal fungicidal
quantity was 15—20 �L/mL.
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Furthermore, antimicrobial activities of Hyssopus species were shown in
other previous studies (M a z z a n t i et al., 1998, R e n z i n i et al., 1999).
The essential oil of Hyssop had fungistatic action on Aspergillus fumigatus.
Binding of this oil or some of its constituents to membranes has been found to
affect ion exchanges (G h f i r et al., 1994.) The antifungal and fungicidal ef-
fects of Hyssop oil and its individual components were studied against plant
pathogenic fungi (L e t e s s i e r et al., 2001). The very strong antifungal po-
tential of Hyssop essential oil can be explained by high amount of ketons
which are the main constituents (G r i f f i n et al., 2000).

In the control of WBD Prochloraz manganese, Benzilmidazole fungicides
and 1% formalin in treating casing give a good control, but Mycogone remains
a constant threat. The high toxicity of these fungicides and emerging tolerance
of mycoparasites to some fungicides makes it necessary to continue the search
for new antifungal substances. During the past years numerous antifungal
agents have been formulated and evaluated for use in the management of fun-
gal diseases microwave treatments or some effective antagonistic bacteria
( B o r a and Ö z a k t a n, 2000). Essential oils used in this work could be a
very good alternative in treatment of fungal diseases because of their very
good antifungal activities.

Table 1. The composition of essential oil of Hyssopus officinalis.

Components H. officinalis % RI
�-thujene 0.25 307
�-pinene 0.95 319
camphene 0.24 340
�-pinene 16.31 386
myrcene 0.54 408
p-cymene 1.07 471
limonene 1.56 481
1,8-cineole 0.49 485
trans-ocimene 0.54 519
�-terpinene 0.93 545
terpinolene 0.26 608
�-thujone 0.13 642
�-thujone 0.13 667
pinocamphone 16.79 775
isopinocamphone 43.29 809
myrtenal 1.37 864
methyl chavicol 0.07 869
�-bourbonene 1.20 1355
�-elemene 0.09 1375
�-gurjunene 0.18 1421
�-caryophyllene 1.00 1442
allo-aromadendrene 0.63 1546
germacrene D 0.93 1594
bicyclogermacrene 0.12 1632
RI-DB 5
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Rezime

Agaricus bisporus Lange (Imb) je najåešãe komercijalno gajena jestiva gqiva.
Razliåiti mikroorganizmi gqive, bakterije i virusi su izazivaåi bolesti u ga-
jilištima šampiwona. Mycogone perniciosa (Mang) je izazivaå bolesti poznate
pod nazivom vlaÿni mehur i najåešãi uzroånik gubitaka u gajilištima u Sr-
biji. Biološka kontrola, koja je uspešno primewivana na nekim poqoprivred-
nim kulturama, nije korišãena prilikom uzgoja gqiva. Jedna od moguãnosti je
primena biqnih sprejova. Lekovite i aromatiåne vrste biqaka se intenzivno
istraÿuju kao moguãi antifungalni agensi.

Uzorci obolelih šampiwona su sakupqani u gajilištima u Srbiji. Kultu-
re M. perniciosa su izolovane sa obolelih plodonosnih tela A. bisporus. Kori-
šãeno je etarsko uqe Hyssopus officinalis. Najzastupqenije komponente uqa su izo-
pinokamfon (43.29%), trans-pinokamfon (16.79%) i b-pinen (16.31%). Anti-
fungalna aktivnost etarskog uqa izopa ispitivana je modifikovanom „mikro-
atmosfera"-metodom. Minimalna inhibitorna koliåina je bila 5 �L/mL, a mi-
nimalna fungicidna koliåina 15—20 �L/mL.

Velik broj preparata je napravqen i primewen za kontrolisawe oboqewa
peåuraka: fungicidi, primena mikrotalasa ili dejstvo nekih antagonistiåkih
bakterija. Dosad nije bilo saopštewa o primeni etarskog uqa izopa protiv
izazivaåa bolesti gajenih gqiva.
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IMMOBILIZED CELL TECHNOLOGY IN BEER BREWING
— CURRENT EXPERIENCE AND RESULTS*

ABSTRACT: Immobilized cell technology (ICT) has been attracting continual atten-
tion in the brewing industry over the past 30 years. Some of the reasons are: faster fermen-
tation rates and increased volumetric productivity, compared to those of traditional beer
production based on freely suspended cells, as well as the possibility of continuous opera-
tion. Nowadays, ICT technology is well established in secondary fermentation and alco-
hol-free and low-alcohol beer production. In main fermentation, the situation is more
complex and this process is still under scrutiny on both the lab and pilot levels.

The paper outlines the most important ICT processes developed for beer brewing and
provides an overview of carrier materials, bioreactor design and examples of their industrial
applications, as well as some recent results obtained by our research group. We investigated
the possibile applications of polyvinyl alcohol in the form of LentiKats®, as a potential po-
rous matrices carrier for beer fermentation. Given are the results of growth studies of im-
mobilized brewer's yeast Saccharomyces uvarum and the kinetic parameters obtained by
using alginate microbeads with immobilized yeast cells and suspension of yeast cells as
controls. The results indicate that the immobilization procedure in LentiKat® carriers has a
negligible effect on cell viability and growth. The apparent specific growth rate of cells re-
leased in medium was comparable to that of freely suspended cells, implying preserved cell
vitality. A series of batch fermentations performed in shaken flasks and an air-lift bioreactor
indicated that the immobilized cells retained high fermentation activity. The full attenuation
in green beer was reached after 48 hours in shaken flasks and less than 24 hours of fermen-
tation in gas-lift bioreactors.

KEY WORDS: beer, immobilized yeast, gas-lift bioreactor, alginate beads, PVA Len-
tiKat® carriers

INTRODUCTION

Brewing is one of the oldest biotechnologies with the history dating back
more than 8000 years. For centuries, people were brewing beer empirically,
using the old recipes. Then, in the 18th century, the biologists began to study
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the process of brewing and to discover some of its basic principles. These
early discoveries led to a better understanding of the process and, ultimately,
to the development of the brewing industry as we know it today. Since the Se-
cond World War, the brewing industry, like all other branches of the proces-
sing industry, began to utilize larger production units and to reduce production
costs.

Fermentation is the essential part of the brewing process. The main fer-
mentation is responsible for the formation of most flavor compounds, while
the secondary fermentation provides beer maturation and final beer sensory
properties. These are, at the same time, the most time consuming steps in the
overall beer production. From the very beginning of the modern brewing age,
science and technology have had an important influence on the development
of the novel technical solutions and the improvement of the existing ones.
They led to the design of new accelerated fermentation methods (which incor-
porate improved batch bioreactors, ranging from open, relatively shallow tanks
to large cylindro-conical fomenters) and to the development of continuous beer
fermentation processes.

Since the beginning of the 20th century, many different systems that use
suspended yeast cells have been developed. First fully continuous process for
beer fermentation (van Rijn), with six vessels in series, was patented in 1906.
During the 1950s and 1960s, several of them have been in commercial use.
They had clear advantages over the traditional batch techniques: lower invest-
ment costs, lower extract losses, lower fuel and power consumption and,
finally, billing practice, etc. (B i s h o p, 1970; T h o r n e, 1968). However,
they were not commercially successful due to many practical disadvantages.
Depending on the system in use, they caused numerous problems. The list of
disadvantages was very long: inflexibility in the output rate or in the ability to
change beer type, flavor-matching, need for a high standard of hygiene, possi-
bility of yeast mutation, need for an extra procedure, need for an extremely
flocculent yeast, wort storage requirements, cost of technical support, etc.
( T h o r n e, 1968). Therefore, by the end of the 1970s most of the operating
systems were closed down. The famous exception is the Coutts' process in
Dominion Breweries, New Zealand (H o u g h, 1982). It was obvious that the
right solution had to be found. Immobilized processes were expected to be a
viable one.

APPLICATION OF IMMOBILIZED CELL TECHNOLOGY
IN BREWING INDUSTRY

Traditional beer fermentation technology uses freely suspended yeast cells
to ferment wort in a non-stirred batch reactor. The primary fermentation for la-
ger beer takes approximately 5 to 7 days with a subsequent secondary fermen-
tation (maturation) of several weeks. Modern batch fermentation technology
can reduce the production time (main and secondary fermenation) of lager beer
to 10—12 days, but this is the best it can do. Immobilized cell technology
(ICT) is able to produce lager beer in less than 2 days.
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ICT processes have been designed for different stages in the beer produc-
tion/fermentation process. The most important of these are: bioflavouring du-
ring the maturation, main fermentation and fermentations for the production of
alcohol-free or low-alcohol beers. The main objective of flavour maturation is
the removal of the vicinal diketones diacetyl and 2,3-pentanedione, and their
precursors a-acetolactate and a-acetohydroxybutyrate. Diacetyl is reduced by
yeast reductases to 2,3-butanediol via acetoin and 2,3-pentanedione to 2,3-pen-
tanediol via acethylethylcarbinol. The conversion of the �-acetohydroxy acids
to the vicinal diketones in traditional maturation process is the rate limiting
step. It is characterized by a near-zero temperature, low pH and low yeast con-
centration, resulting in a maturation period of 3 to 4 weeks. Using immobili-
zed yeast cells this period can be reduced to 2 hours. The reaction step is ac-
celerated by heating the beer after yeast separation to 80—90°C during a pe-
riod of a few minutes (P a j u n e n, 1995; B a c k et al., 1998).

The traditional technology to produce alcohol-free or low-alcohol beer is
based on the suppression of alcohol formation by restricted batch fermentation
or on the removal of ethanol, using membrane, distillation or vacuum evapora-
tion processes (M u l l e r, 1990; N a r z i s s et al., 1992). In both cases, the
problem is either the undesirable wort aroma from wort aldehydes, which are
reduced only to a limited degree, or the insufficient process selectivity. A
short-contact with the immobilized yeast cells at a low temperature solves the-
se problems (M e n s o u r et al., 1997; N a v r á t i l et al., 2000).

The design and optimization of an ICT process for the combined main
and secondary fermentation remains a challenging task. In spite of much
experimental work, ICT processes have not yet been adopted in the brewing
industry. When compared to the secondary fermentation, the main fermenta-
tion is significantly more complex and has various side reactions that are im-
portant for final beer quality. It was reported that insufficient free amino nitro-
gen consumption by immobilized yeast cells, coupled with mass transfer re-
strictions and reduced cell growth in immobilized conditions, causes an unba-
lanced flavor profile of the final beer. Immobilized systems, based on packed
bed fermenters with solid carriers for yeast cells and suitable for secondary be-
er fermentation, were shown to be inappropriate. The reasons include flavor
problems, yeast viability and carrier price.

PROCESS DEVELOPED FOR BEER FERMENTATION

The brewing industry has been showing interest in ICT since its appea-
rance and particulary after the introduction of alginate as a carrier (W h i t e and
P o r t o, 1978). One of the first processes for rapid lager fermentation was de-
veloped by the research team at „Kirin Brewery Company", Japan. It was a
multistage ICT system for fermentation and maturation. The process consisted
of three bioreactors. The first was an aerated continuously stirred tank for
yeast growth. It was followed by two packed bed reactors, in series, for main
fermentation and heat treatment for a-acetolactate conversion into diacetyl.
Finally, there was a packed bed reactor with immobilized yeast for maturation.
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Using this process, beer could be produced within three to five days. The first
immobilization method that was used was entrapment in alginate beads, but
because of the problems it caused (decreased fermenting capacity, insufficient
mechanical strength, swelling of the carrier leading to plugging of the bioreac-
tor, etc.) it was replaced by ceramic beads developed by Kirin („Bioceramic®")
(Y a m a u c h i, 1994). The Company set up a small commercial unit on the
Saipan island, producing 1850 hl per year. However, their brewing proved to
be short lived. The lager beer they produced was sensorly acceptable, but
somewhat different from the conventional batch beer. In addition, they could
not reach one fifth of the designed output capacity without experiencing dete-
rioration in yeast fermentation activity. Finally, the energy costs and the beer
losses were high with centrifuged yeast (I n o u e, 1995).

A research group at „Labatt Breweries" (Interbrew, Canada) in collabora-
tion with the Dept. of Chemical and Biochemical Engineering at the Univer-
sity of Western Ontario went in another direction. They applied k-carrageenan
beads as a carrier in a draft tube bed reactor. The advantage of k-carrageenan
as the carrier material is its density, which is close to that of water and thus
minimizes the energy required for fluidization. Small bead size (0.2 to 1.4
mm), fluidized bed design (feed gas mixture of 2—5% of air and CO2) and a
better mass transfer were expected to solve the problems with insufficient ami-
no acid consumption and unbalanced flavor profile. Pilot scale research show-
ed that in continuous fermentation, full attenuation was reached in 20—24
hours and the flavor profile of the beer was acceptable and similar to the batch
fermented beer (M e n s o u r et al., 1995; P i l k i n g t o n et al., 1999).

„Meura Delta", Belgium, proposed a completely different concept. Their
goal was to solve the problem of unsuitability of alginate beads in a packed
bed reactor and carrageenan beads in a fluidised bed reactor and so they deve-
loped a tubular matrix of sintered silicon carbide installed into a loop bioreac-
tor. The system has been used for maturation, alcohol-free beer production and
for main fermentation (V a n D e W i n k e l, 1995; A n d r i e s et al., 2000).
For the main fermentation of lager beer, two similar bioreactors were used in
series. The first bioreactor was operated at an apparent attenuation level of
40%, and the complete attenuation was reached in the second bioreactor. The
residence time was 22 h per bioreactor, while productivity for one matrix de-
pended of the wort's original gravity: at 12—16° Plato, it was 6.6—9.1 hl per
year, respectively. This means that for achieving an annual output of 1 million
hl, more than 100000 matrices are needed (V i r k a j ä r v i, 2001).

VTT Research Institute (Finland) offered a solution for beer maturation
that uses a DEAE-cellulose carrier in a fixed-bed reactor. These results led to
industrial applications at the Sinebrychoff's Helsinki brewery in 1990 and later
on at the Sinebrychoff's Kerava brewery, where the production levels of 1
million hl per year were achieved (P a j u n e n, 1995). Using a traditional main
fermentation and heat treatment of green beer, the maturation period for
diacetyl conversion has been reduced from 3—4 weeks to 2 hours. Later on,
this carrier was replaced by cheaper aspen wood chips for yeast cell immobili-
zation (V i r k a j ä r v i, 2002). Few years after that, Synebrychoff Brewery
(Finland), in collaboration with Guinness, GEA Liquid Processing Scandinavia
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and Cultor Corporation of Finland, developed a new ICT process for continuo-
us main fermentation that uses a fixed-bed reactor and DEAE-cellulose at the
beginning, and wood chips later on, as carrier materials. Good quality beer and
constant flavor profile were achieved at a production time of 20 to 30 hours
( A n d e r s e n, 1999).

„Alfa Laval and Schott Engineering" developed a maturation system ba-
sed on porous glass beads. This system has been implemented in several
breweries in Finland, Belgium and Germany. The produced beers had overall
good analytical and sensorial properties (D i l l e n h o f e r and R o n n, 1996).

Yeast immobilized on DEAE-cellulose packed in a column reactor has
been successfully applied for controlled ethanol production of low-alcohol and
alcohol-free beers (V a n D i e r e n, 1995). This technology has been imple-
mented by Bavaria Brewery (The Netherlands and several other companies, in-
cluding Faxe (Denmark), Ottakringer (Austria) and a Spanish brewery (M e n -
s o u r et al., 1997).

Our group started the experiments on application of ICT in beer fermen-
tation in early 90s. The aim was to find the optimal solution for reactor de-
sign, carrier selection and immobilization techniques. Practically at the same
time when Labatt research group started with their fluidized-bed fermentor
with carragenan, our group was using alginate beads in the similar type of a
fermentor: a three-phase gas-lift fermentor (Figure 1) (N e d o v i ã et al.,
1993). A gas-lift reactor retains the advantages of fluidized-beds, such as high
loading of solids and good mass transfer properties, and is particularly suitable
for applications with low-density
carriers. Other important characteri-
stics of gas-lift fermenters are their
simple construction, low risk of con-
tamination, easy adjustment and con-
trol of the operational parameters,
and simple capacity enlargement (N e -
d o v i ã et al., 2002). We set out to
systematically investigate the condi-
tions which might influence fermen-
tation kinetics, yeast metabolism and,
lastly, the sensory profile of final
beer. We focused on porous matri-
ces carriers: medium-viscosity Na-al-
ginate and polyvinyl alcohol in the
form of LentiKats®.

Polyvinyl alcohol in the form
of LentiKats® was reported as one
of the promising materials for cell
immobilization (J a k e l et al., 1998;
J a h n z et al., 2001). LentiKats®

stands for lens-shaped gel particles,
which are produced by new simple
gelification technique at room tem-
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perature. LentiKats® were investigated as cell carriers in several biological pro-
cesses, such as bioconversion of glycerol to 1,3-propanediol (W i t t l i c h et
al., 1999), cider fermentation (D u r i e u x et al., 1999, 2000, 2002), waste
water treatment (S i e v e r s et al., 2002), and production of L-Tryptophane
( K l a b e n et al., 2002). In the present work, we have studied the application
of LentiKats® as the potential cell carriers for beer industry.

MATERIALS AND THE METHOD

2.1. Preparation of microbeads

Production of alginate microbeads: The technique we used to produce
small enought alginate beads (< 1 mm) is the electrostatic droplet generation
method. It consists of applying an electrostatic potential between the droplet
formation device and the collecting solution, and inducing a charge at the sur-
face of the polymer solution, which results in a decrease in surface tension.
Using this method, a significantly greater reduction of droplet size is realized
as compared to the one that is achieved using the simple dropping method (Fi-
gure 2) (N e d o v i ã et al., 2001). Process parameters were: positively charged
needle set-up, applied potential: 8 kV, needle size: 27-gauge, electrode distan-
ce: 2.5 cm. Polymer/cell suspension was formed by mixing the Na-alginate so-
lution (2% Na-alginate) with the thick brewer's yeast (Saccharomyces uva-
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rum). The resulting microbeads were 0.3, 0.5 and 0.6 mm in diameter and
contained immobilized yeast cells at a starting concentration of 2x107 cells/ml.

The PVA LentiKats® were produced by a new, simple gelification techni-
que at room temperature. With LentiKat® Printer, the PVA/yeast cell solution
was forced out of the tip of a blunt edge needle (1 mm in diameter) by a
syringe, in the form of droplets on Petri dishes. Gelification of the droplets oc-
curred in approximately half an hour at a 75% decrease of the initial mass due
to water evaporation. The resulting LentiKat® lenses were about 3.5 mm in di-
ameter and 0.3 mm thick with immobilized yeast cells at a starting concentra-
tion of 1x107 cells/ml (Figure 3).

2.2. Growth studies

The kinetic parameters of immobilized yeast growth were investigated in
a short-term study, by cultivating LentiKat® lenses for 85 hours in shaken
flasks. Alginate microbeads with immobilized yeast cells, as well as the su-
spension of yeast cells at the same starting concentration (0.5x106 cells/ml)
served as controls. LentiKat® lenses, alginate microbeads and the medium
were sampled at timed intervals and analyzed for cell viability, concentration
and colony distributions.

2.3. Fermentation studies

A series of batch fermentations were performed in shaken flasks and in
an air-lift bioreactor. The goal was to determine the fermentation activity of
brewer's yeast cells, immobilized in LentiKat® carriers, the time necessary to
achieve full beer attenuation and to test the stability of LentiKat® carriers in
multiple fermentations. In the first set of experiments, fermentation was mana-
ged in 500 ml flasks with 210 ml of sterile plant wort (12% extract) and 70 g
of LentiKat® lenses. The experiments were performed in duplicates on an orbi-
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tal shaker at 115 rpm and 17°C. The concentration of immobilized cells was
about 5x108 cells/ml LentiKats®. LentiKat® lenses and the medium were sam-
pled at timed intervals and analyzed. In the second set of experiments, fermen-
tation was managed in internal-loop gas-lift bioreactor with working volumes
of 1 dm3. (Figure 1). Nitrogen was introduced through a glass sparger at the
bottom of the reactors, at the gas flow rate of 240 ml/min. The initial concen-
tration of immobilized cells was about 1x109 cells/ml LentiKats®.

2.4. Analytical assays

The sizes of LentiKat® lenses with immobilized cells and the alginate
microbeads were analyzed using a microscope with an accuracy of 10 mm. Cell
concentrations and viabilities were determined after dissolution of lenses thro-
ugh heating and mixing. Yeast cell concentration was estimated with a Thoma
counting chamber and the cell viability was assessed using the methylene
blue-staining technique. The distribution of immobilized cells was determined
by fixation of lenses and beads in 2.5% glutaraldehide and araldite and further
longitudinal- and cross-sectioning (1.5 µm). Liquid samples from both growth
and fermentation mediums were collected aseptically and analyzed for specific
gravity, flavor volatiles, FAN, vicinal diketones, yeast cell counts, and cell
viability.

RESULTS AND DISCUSSION

Growth studies have shown that a lag phase of 22 h and an exponential
growth phase of 18 h, with a specific growth rate of 0.22 h—1, could be distin-
guished on the growth curve obtained for immobilized cells in LentiKat® carri-
ers. Released cells were detected in the medium only after 20 h of cultivation,
which approximately coincided with the start of intensive proliferation of im-
mobilized cells (Figure 4). The increase of the cell concentration in the medi-
um was exponential, with the apparent specific growth rate of 0.43 h—1, repre-
senting the combined effects of cell proliferation in the medium and cell leaka-
ge from the carriers. The overall concentration of cells in the immobilized
system (within carriers and in the medium) as a function of time was compa-
red with the growth of yeast in free cell suspension. It was found that the im-
mobilized cells exhibited significantly longer lag and exponential phases than
freely suspended cells (22 and 18 h vs. 5 and 10 h, respectively). The apparent
specific growth rate in the immobilized system was almost 2-fold lower than
that obtained in the free cell suspension (0.24 vs. 0.47 h—1). However, the final
overall cell concentration in the immobilized system was higher than the con-
centration achieved in the free cell suspension due to the prolonged growth in
the immobilized system (Figure 5).

The growth studies in the case of alginate microbeads showed that three
general phases of microbial growth can be distinguished: a short lag phase
(about 4 hours), an exponential phase (about 12 hours) and a stationary phase
(until the end of the experiment) (Figure 6). The highest final cell concentra-
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tion of about 2.33 x 109 cells/ml was found in microbeads with initial mean
diameters of 0.5 and 0.6 mm.

The results of the growth studies indicated that the immobilization proce-
dure in LentiKat® carriers had a negligible effect on cell viability and growth.
The apparent specific growth rate of cells released in the medium was compa-
rable to that of freely suspended cells, implying preserved cell vitality. In addi-
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Figure 4. Growth curves in immobilized cell culture: –�– cells within LentiKat® carriers;
–�– cells released into the medium.

Figure 5. Comparison of cell concentrations in cell suspension and LentiKats suspension.



tion, the final cell concentration achieved in LentiKat® carriers was an order
of magnitude higher than the final concentration of suspended cells (5x108

cells/ml of carrier vs. 3x107 cells/ml) and a little bit lower compared to the
concentrations of brewer's yeast cells in Ca-alginate microbeads.

Fermentations with yeast cells, immobilized in LentiKat® carriers in sha-
ken flasks, showed that the apparent attenuations of around 80% were achie-
ved after two-day fermentations. The cell concentration within LentiKat® par-
ticles stabilized at the value of around 8x108 cells/ml after three experimental
runs, while the cell concentration in the medium was constantly increasing du-
ring fermentation runs. Constant increase of biomass production was noticed,
indicating a stable functioning of the immobilized cells. High rates of biomass
formation exhibited by immobilized cells could be crucial for continuous mode
of application, by providing a stable source of yeast supply. The cell activity
stayed constant over 4 weeks of multiple fermentations. LentiKat® particles re-
mained intact, confirming chemical and mechanical stability. The problem no-
ticed in these fermentation studies was significant agglomeration of particles,
which resulted in the formation of clusters.

Fermentations results in the gas-lift bioreactor system were promising as
well. Stable operation at gas flow rate of 240 ml/min was achieved, without
agglomeration that was observed during batch fermentations in shaken flasks.
The process lasted for 24 hours at relatively low solid loading (about 10%).
Immobilized cells demonstrated high fermentation activity with apparent atte-
nuation between 80 and 86%. Concentration of cells in the carrier raised from
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the initial 8 · 108 cells/ml to 1.4 · 109 cells/ml, while the final concentration in
the medium was 2.1 · 107 cells/ml.

A batch of LentiKat® particles with immobilized brewer's yeast in shaken
flasks and in gas-lift bioreactors comprised of over 60 days of operating time
in a 6 month period without obvious changes in shape and size. Final beers
had desired sensory and analytical profiles.

CONCLUSIONS

This study has demonstrated that LentiKat® particles could be efficiently
used as carriers of brewing yeast cells in beer fermentation. The results of
growth studies imply that the immobilization procedure has no adverse effects
on cell viability and proliferation. Although the growth phases of immobilized
cells were prolonged as compared to freely suspended cells, high final cell
concentrations on the order of 1x109 cells/ml of LentiKats® were achieved.
The immobilized cells retained such a high fermentation activity that the full
attenuation in green beer was reached after 48 hours of fermentation in shaken
flasks and in less than 24 hours of fermentation in the gas-lift bioreactors.
Relatively low solid load was applied (10% w/v) in the gas-lift reactor,
implying that even higher fermentation rates could be achieved at higher
hold-ups of the solid phase. LentiKat® biocatalysts provided a stable source of
yeast cells and a possibility to balance the amounts of immobilized and freely
suspended cells in fermentation systems aimed at achieving high productivity
and desired beer flavor.
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TEHNOLOGIJA IMOBILISANIH ÃELIJA U PROIZVODWI PIVA
— DOSADAŠWA ISKUSTVA I REZULTATI

Ida J. Leskošek-Åukaloviã, Viktor A. Nedoviã
Institut za prehrambenu tehnologiju, Poqoprivredni fakultet

Univerziteta u Beogradu, Nemawina 6, PO Box 127,
11081 Beograd, Srbija i Crna Gora

Rezime

Industrija piva veã 30 godina pokazuje zanimawe za primenu tehnologije
imobilisanih ãelija. Najvaÿniji razlozi su: veãa brzina i produktivnost fer-
mentacije u poreðewu sa tradicionalnom proizvodwom piva na bazi suspendo-
vanih ãelija, kao i moguãnost kontinualnog rada. Danas je ova tehnologija veã
konvencionalno primewena u naknadnom vrewu i proizvodwi niskoalkoholnih
i bezalkoholnih piva. Glavno vrewe, meðutim, još uvek je ostalo nerešen pro-
blem. Zbog svoje kompleksnosti, uprskos mnogobrojnim eksperimentalnim re-
zultatima na laboratorijskom i poluindustrijskom nivou, još nije realizovano
na industrijskom.

U radu su prikazani najvaÿniji dosad razvijeni procesi, nosaåi i biore-
aktorski sistemi na bazi imobilisanih ãelija, primeweni u razliåitim faza-
ma fermentacije piva, kao i najnoviji sopstveni eksperimentalni rezultati.
Ispitivana je moguãnost primene polivinil alkohola u obliku LentiKats®, kao
potencijalnog nosaåa za fermentaciju piva. Dati su rezultati ispitivawa ki-
netike rasta pivskog kvasca Saccharomyces uvarum imobilisanog na LentiKats i
alginatnom nosaåu i uporeðene sa vrednostima dobijenim za slobodne suspen-
dovane åestice. Utvrðeno je da postupak imobilizacije na LentiKat® nosaåu ima
zanemarqiv uticaj na vitalnost i rast åestica. Specifiåna brzina rasta åe-
stica koje se oslobaðaju u medijum odgovarala je vrednosti dobijenoj u sluåaju
slobodnih suspendovanih åestica. Ogledi u šarÿnim fermentacijama u tikvi-
cama po Erlenmajeru i gas-lift bioreaktoru pokazali su da imobilisane ãelije
zadrÿavaju veliku fermentativnu aktivnost. Potpuna prevrelost mladog piva u
tikvicama po Erlenmajeru dostignuta je nakon 48 åasova i za mawe od 24 åasa u
gas-lift bioreaktoru.
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RESEARCHES ON WOOD-DESTROYING FUNGI DIVISION
ASCOMYCOTA, CLASSIS ASCOMYCETES*

ABSTRACT: Orchards aging and agrotechnical cares reduction have led to suitable
development conditions of a large number of wood-destroying fungi that had never been a
problem for the intensive fruit growing. This caused the necessity of their study in the main
orchard regions of our country. The research was conducted from 2003 to 2005 on the basis
of expeditionary-geographical method. Twelve species of wood destroying Ascomycota fun-
gi have been identified. Both their parasitic activity degree and phylogenetic and ontogene-
tic specialization level have been defined. Species with mutual hosts — fruit or forest trees
have been found. That fact makes possible the infection accumulation and transfer from fo-
rest to agricultural ecosystems which is of considerable importance for the mountain fruit
growing.

KEY WORDS: division Ascomycota, wood-destroying fungi, fruit growing, forest
plantations

Orchards aging and agrotechnical cares reduction have led to suitable de-
velopment conditions of a large number of wood-destroying fungi that had ne-
ver been a problem for the intensive fruit growing. This caused the necessity
of their study in the main orchard regions of our country.

A great part of the phytopatogenic fungi including the parasitic ones rela-
tes to Ascomycota division. The most characteristic features of this division are
the asci — generated after the mating. They are positioned either directly on
mycelium or gathered in special fruit bodies.

MATERIALS AND METHODS

The research has been conducted during the period 2003—2005 by fol-
lowing the expeditionary-geographical method. The study was into orchards
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and the situated next to them forest-tree species and bushes located in woods
or parks. The research was carried out in several regions in Bulgaria — Sofia,
Plovdiv, Pazardzik, Lovech etc., as well as in Greece — Thessaloniki, Ioanina,
Serres, Kozani, Veria etc.

Special attention was paid to trees in bad physiological condition. The fo-
und fruit bodies were identified on the spot or in laboratory conditions. The
identification guides of L a e s s o e (2000), L i n c o f f (2000), K w n s t a n -
t i n i d h j (2002), G a r n w e i d n e r (1996), D e r m e k (1979), S v r -
å e k, V a n å u r a (1983), were used.

In this research the following indexes which indicate the host-tree healthy
condition have been registered: species, physiological condition, infected plant
organ, age.

The following biologic and parasitic characteristics of the wood-destroy-
ing fungi: phylogenetic, organotropic and age specialization have been analy-
zed as indicators of their parasitic activity degree.

Spore prints for spores microscopic analysis have been taken for the fresh
found fruit bodies.

RESULTS AND DISCUSSION

In the research process, on the basis of 24 samples, 12 fungi species of
Ascomycota division have been identified which had damaged 10 different
hosts — 4 fruit-trees and 6 forest-trees. Those twelve fungi cause infections or
saprophytic wood rot on of fruit or forest trees and belong to 4 orders (Ta-
ble 1).

Table 1. Classification of wood-destroying Ascomycota fungi

Division ASCOMYCOTA

Classis ASCOMYCETES

Order Hypocreales

Nectria cinnabarina Fr. (Tode) Wint

Order Leotiales

Ascocoryne sarcoides Groves & Wilson

Bisporella citrina Korf & Karpenter

Dasyscyphus niveus (Hedw. ex. Fr.) Sacc

Order Pezizales

Distinct perlata (Fr.) Fries

Scutellinia scutellata (Fr.) Lambotte

Order Xylariales

Hypoxylon fragiforme (Pers. ex. Fr.) Kickx

Hypoxylon nummularia (Bull. ex. Fr)

Physalospora obtusa (Schweitz) Cooke

Ustulina deusta (Fr.) Petrak

Xylaria hypoxylon (L. ex. Hook.) Grev

Xylaria polymorpha (Pers. ex. Mer.) Grev
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The most frequent wood-destroying Ascomycota fungi among the identi-
fied ones are: Nectria cinnabarina (20.8%), Hypoxylon fragiforme (20.8%),
Ascocoryne sarcoides (16.8%).

In dependence with their parasitic activity level (the ability to attack li-
ving or dead organic matter) the identified wood-destroying fungi belong to
three groups:

— Parasitic species which attack living trees (16,7%). The following fun-
gi are with the highest parasitic activity level: Nectria cinnabarina and Physa-
lospora obtusa.

— Fungi with mixed type of parasitic activity (25%). They are capable
of causing pathological changes in host-trees that are weak or in bad physiolo-
gic condition, as well as saprotrophyc dead wood rot. The species: Hypoxylon
fragiforme, Hypoxylon nummularia and Ustulina deusta show mixed type of
parasitic activity.

— Saprotrophyc fungi which mineralize dead wood and take part in the
biological energy and matter rotation (58.3%). The species: Ascocoryne sarco-
ides, Bisporella citrina, Dasyscyphus niveus, Piscina perlata, Scutellinia scu-
tellata, Xylaria hypoxylon and Xylaria polymorpha are saprotrophyc fungi
(Fig. 2).

The most frequent host-fruit-trees of Ascomycota wood-destroying fungi
are: apple (33%), walnut (33%), cherry (17%) and morello (17%). That can be
explained by their higher sensibility towards wood-destroying fungi and with
the fact that they are cultivated in large numbers in Bulgaria (fig. 3).
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Fig. 1 Quantity of the identified species of wood-destroying Ascomycota fungi



The most frequent hosts of wood-destroying fungi among forest trees are:
oak (22%), hornbeam (22%), beech (11%), fir (11%), aspen (6%), alder (6%)
and other species (22%) (Fig. 4).

The identified wood-destroying fungi are able to develop on a large range
of host-trees, both on deciduous and coniferous trees.

Almost perfect match is observed when comparing the literature data abo-
ut the phylogenetic specialization of wood-destroying fungi and the data from
our research. Species with the lowest level of phylogenetic specialization are:
Nectria cinnabarina and Physalospora obtusa.
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Fig 2. Valuation of the parasitic activity of wood-destroying Ascomycota fungi

Fig. 3 Fruit cultures-hosts of wood-destroying Ascomycota fungi



Wood-destroying fungi which are capable of colonizing fruit and forest
trees at the same time are dangerous for the mountain fruit-growing (Tab. 2).

Table. 2. Wood-destroying fungi which infest fruit and forest trees simultaneously

Name of
wood-destroying fungi

Hosts-trees of
wood-destroying fungi

according to literature data

Hosts-trees of
wood-destroying fungi according

to the present research

Ustulina deusta beech beech

Bisporella citrina oak and beech oak

Hypoxylon nummularia oak and beech oak

Nectria cinnabarina apple, pear walnut, cherry, apple, alder

Physalospora obtusa all fruit trees walnut

Hypoxylon fragiforme beech and hornbeam beech, hornbeam, aspen and morello

Discina perlata fir fir

It is possible large quantity of infection to be accumulated in the forest
ecosystems and transferred to the agricultural ones thus causing a massive sca-
le attack and damage, provided the fungi development conditions are favo-
rable.

CONCLUSION

As a result of the conducted research into wood-destroying fungi of
Ascomycota division, the following inferences could be drawn:

1. The species: Nectria cinnabarina, Hypoxylon fragiforme and Ascoco-
ryne sarcoidesare are the most spread ones.

2. The species: Nectria cinnabarina and Physalospora obtusa show the
highest parasitic activity level. Hypoxylon fragiforme, Hypoxylon nummularia
and Ustulina deusta shown mixed parasitic activity type. Saprotrophyc species
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are: Ascocoryne sarcoides, Bisporella citrina, Dasyscyphus niveus, Discina
perlata, Scutellinia scutellata, Xylaria hypoxylon and Xylaria polymorpha.

3. The species: Ustulina deusta, Bisporella citrina, Hypoxylon nummula-
ria, Hypoxylon fragiforme and Discina perlata show phylogenetic specializa-
tion level. Wood-destroying fungi which can be found on large number of
hosts-trees are: Nectria cinnabarina and Physalospora obtusa.

The widespread wood-destroying fungi of Ascomycota division represent
a constant infection danger among fruit trees. The limitation measures of da-
mage caused by wood-destroying fungi should work on in changes of the fruit
trees cultivation technology.
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ISPITIVAWE GQIVA KOJE UNIŠTAVAJU DRVO,
RAZRED ASCOMYCOTA, KLASA ASCOMYCETES

Teoharis Pavlidis, Milena Ilijeva, Sowa Benåeva, Jordanka Stanåeva
Šumarski fakultet, Bulevar Klimenta Ohridskog 10, 1756 Sofija, Bugarska

Rezime

Starewe voãwaka i smawewe agrotehniåkih mera dovelo je do pogodnih
uslova za razvoj velikog broja gqiva koje uništavaju drvo, a koje nikada nisu
predstavqale problem za intenzivno voãarstvo. To je izazvalo potrebu za wiho-
vim prouåavawem u glavnim voãarskim regionima u našoj zemqi. Istraÿivawe
je sprovedeno u periodu od 2003. do 2005. godine na osnovu ekspedicijsko-geo-
grafskog metoda. Identifikovano je dvanaest vrsta gqiva Ascomycota koje uni-
štavaju drvo. Definisan je i wihov stepen parazitske aktivnosti, kao i nivo
filogenetske i ontogenetske specijalizacije. Pronaðene su vrste koje imaju za-
jedniåke domaãine — voãke ili šumsko drveãe. Ta åiwenica omoguãuje akumu-
lirawe infekcije i prenošewe iz šuma u poqoprivredne ekosisteme, što je
od velikog znaåaja za voãarstvo.
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CONDITIONALLY PATHOGENIC FUNGI
IN RECREATIONAL WATERS*

ABSTRACT: The improvement of health and life conditions depends on various en-
vironmental factors. The exposition to organic and inorganic pollutants, as well as to the
broad spectar of microorganisms is one of these factors. Medically important fungi have
been increasing their number recently, especially in urban and in recreational zones. Some
of them, first of all molds and yeasts, are involved by different means in causing more or
less serious deseases of man and animals. Frequency of alergic symptomes and human
mycotic lesions increased significantly during last decades. Such phenomena have provoked
more scientific attention recently.

According to the available literature data, micro-fungi, causing mycoses and „envi-
ronmental" fungi too, could be considered as an important factor of health risk, being ne-
glected and underestimated so far, especially in analyses of safe use of recreational waters
and surrounding areas, among them swimming pools, river and sea beaches. On the basis of
such statement there arises conclusion that water and ground of recreational zones could
serve as vectors in transmission pathways of potentially or conditionally pathogenic fungi,
being dangerous especially for immunocompromised individuals, which suggests inclusion
of qualitative and quantitative composition of fungal community into a continual monitoring
of hygienic status of recreational zones.

KEY WORDS: Fungi, recreational waters, health risk, mycoses, monitoring

INTRODUCTION

During the XXI century, the significant increase of incidence of infecti-
ons caused by so-called „environmental" fungi has been anticipated and the
fact is that ecological microbiologists are more familiar with this group of fun-
gi than clinical ones, especially not acquainted with them to the extent which
the seriousness of this problem deserves (K o o n t z, 1998).
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The incorrect opinions considering human and mammal parasitic fungi
are still widely distributed, especially regarding the thought that relatively
small number of fungi parasitize on Vertebrates and that these so-called „me-
dicinal fungi" represent special group of Mycota whose confusing nomenclatu-
re and taxonomy additionally complicate their study. Nevertheless, before di-
scussing such attitudes, it would be necessary to remind oneself that in every-
day terminology use one should distinguish between the term „parasitic" and
„pathogenic", where as a pathogenic the parasite who could cause a disease of
the host species is characterised? Also, one can speculate that every parasite in
certain circumstances and under certain conditions could become pathogenic?
Recent clinical position of synonymizing these two terms have been formed
due to the fact that the majority of parasites could cause more or less serious
diseases.

Most of our knowledge about virulent determinants of pathogenic and
potentially pathogenic fungi comes from an infected host (person), mainly
from experimental animal models and recently from „in vitro" studies of cell
cultures (M e n d e s - G i a n n i n i, 2000). Fungi represent intra and/or extra-
cellular parasites, and parasite phenomenon depends on complementary surface
molecules. It has been characterised as event of cohabitation where fungi, cre-
ating stable conditions for their survival, recognize specific tissue of host as an
attractant. Infection in most cases appears with mechanic injuries and unade-
quate dressed wounds which become secondarily infected by microorganisms
that are present in water.

It is also important to remind ourself that besides parasitic, fungi might
cause health disorder in humans in some other ways. If they are ingested, they
might act like poison and in contact with, in some way sensitive persons, they
might cause allergic reaction (A i n s w o r t h, 1968).

Inoculation of infective agents is possible superficially, by dermic way
(penetrated injuries, lacerations, being pricked when swimming); by ingestion
or inhalation. Very few data considering the quantity of absorbed water during
„typical" exposition to recreational waters are avaliable. The most often used
standard is 100 ml per day (H a a s, 1983). Depending on the depth of inocula-
tion and the sort of microorganisms that are inoculated, serious infections of
tissues are possible: deformities and loss of function and even systematic in-
fections. Piodermiae, eye and ear infections, as well as urogenital tract infecti-
ons, are possible even without previous mechanic injury, especially in the
parts where wastewater has been mixed with water that is used for recreational
activities.

Certain kinds of organic dust when being inhalated do not cause visible
damage, and others cause clinic symptoms in three ways:

1. Acting as allergens (complete antigens) cause sensibility and cause
alergic alveolitis (especially in case of uneffective alveolar macrofag);

2. Cause direct toxic or mechanic irritations according to the type of „ir-
ritation by strange body";

3. Directly cause lung infection (M i k o v, 1995).
Inhalated dust or fungal spores, not bigger than 5 mm in diameter, are

kept on mucous membrane of upper respiratoric parts, while particles smaller
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than 5 �m penetrate the lower respiratoric parts (respiratoric bronchiolae and
alveolae). For diagnosis it is important to prove the connection of time and
space with the source of infection. The members of genus Aspergillus belong
to the most frequent contaminants. The illnes caused by Aspergillus species is
characterised by inflamatoric granulomatous lesions. Allergic form of lung
aspergillosis appears in predisposed atopic-astmatic persons. These persons spit
out the spittle that consists of eozinophylls, micelium of fungi, and in blood
increased eozinofilia can be detected. Illness gives positive reactions on skin
and precipitin against Aspergillus fumigatus.

Hypersensitive pneumonitis (allergic alveolitis) is lung illness which is in
most cases caused by inhalated thermophyllic actinomycets and fungi. M o -
r e n o — A n c i l l o et al. (1997) report that they have noticed favourable
conditions for the growth of fungi in closed warm swimming pools that were
visited by their patients. To determinate possible etiologic agents, cultures
from several parts of the swimming pool have been isolated. These isolates ha-
ve shown significant growth of thermophyllic mycobiota where Neurospora,
Aspergillus and Pullularia species have been isolated from samples.

Development of quality of life and health of people is complex function
of different conditions of living environment. Here, among others, exposure to
organic and inorganic pollutants as well as to the wide spectrum of microorga-
nisms belongs too. The frequency of presence of medically important fungi
has increased in urban and recreative zones. Some fungi, first of all yeasts and
molds, are included by different ways in causing pathologic alterations in hu-
man and animal organisms. Allergenic symptoms and human mycotic lesions
as onychomycosis for example, have been increasing in the last decade (M e n -
d e s et al., 2000). The same authors the increasing presence of potentially pat-
hogenic fungi on the beaches of Portugal explain as the consequence of increa-
sed quantities of organic waste-materials of anthropogenic origin.

Fungal infections on humans and animals, so called mycoses, may be
classified according to the part of the body on which they parasitize, to „cuta-
neous", „subcutaneous", „deep" or „systemic" ones, etc. This kind of classifi-
cation, mainly based on medical mycologic tests make it easier to experts to
come to realiable diagnosis. However, this kind of classification is not correla-
ted with the types of parasitic fungi, especially from taxonomic point of view.

Among endogenous mycoses, mainly candidiases are involved (caused by
Candida albicans), while exogenous mycoses involve coccidiomycosis (caused
by fungus Coccidioides immitis), adiaspiromycosis (Emmonsia species), histo-
plasmosis (Histoplasma capsulatum, imperfect form of Gymnoascus demon-
breanii and other systemic mycoses) the cause of which might be Cryptococ-
cus neoformans (criptococosis), Aspergillus fumigatus and others (aspergillo-
sis), Sporothrix schenckii (sporotrixosis), etc. (A i n s w o r t h, 1968).

Since fungi may cause human and animal illnesses, they are the subject
of studies of both mycology and medicine (pathology). As parasites on hu-
mans and animals, fungi may attack skin and keratinised tissues: nails, fur, ha-
ir, but also inner organs (organs for digestion, lungs, brain and so on). In the
first case they are superficial parasites, very often opportunistic ones, with cer-
tain localisation of pathologic processes that they cause. In other case fungi
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may cause systemic or deep mycoses, apscessee in different organs, leukemia,
endocarditis and other illnesses. Clinical symptoms vary very much and range
from small surface nodullae on hair and skin escharification on which spores
of the fungus may be found, as well as deep inner illnesses which may have
fatal result (M u n t a ñ o l a - C v e t k o v i ã, 1987).

Human and animal mycoses are rare and less dangerous than those on
plants. They mostly appear on weakened and immunocompromised persons, so
they could be considered as opportunistic infective agents.

To be potentially human pathogenic organisms, fungi do not have to be
direct infective agents. They may cause allergic and hypersensitive reactions.
Spores that in smaller and higher concentrations hang in the air, especially in
the dust of contaminated areas, are important as „inhalation" allergens. Mem-
bers of many families of fungi especially of the Aspergillus, Penicillium, Alter-
naria, Cladosporium, and Mucor genera, in their spores contain substances
that can cause irritative syndroms or sensibilization.

Prerequisite of pathogenesis of many systemic invasion of fungi on hu-
mans and animals is incorporation of fungi into phagocytes. This way the fun-
gus provides the habitat, where occurs in vivo transformation of mycelial into
single-cell (yeast-like) round forms, the fungal answer to the defensive mecha-
nisms of a host organism and at the same time it is the first step of penetration
of fungus into cells and tissue of a host organism. This kind of fast morpholo-
gical adaptation to intracellular habitat is characteristic for human pathogens
such as: Histoplasma capsulatum, Cryptococcus neoformans, Coccoidiodes im-
mitis and others.

Hyphae of some pathogenic members of Zygomycotina and of the genus
Aspergillus keep the mycelial form when penetrate into host tissue, using spe-
cific ways of adaptation to the new environment. Inhalated spores of Aspergil-
lus fumigatus after phagocytosis germinate into short, wide and bronched
hyphae (ø 5—10 mm, unlike the normal of ø 3—5 mm), known as actinomy-
cetoid that may be found with chronic aspergillosis. In infections caused by
the members of Mucor and Rhizopus genera it can be noticed the increase of
volume and thickness of inner wall of hyphae as an attempt of adaptation to
environmental antagonism. In the last stadia of some animal illnesses hyphae
recover normal vegetative mycelial form which testify about overcome resi-
stance of the host tissue (M u n t a ñ o l a - C v e t k o v i ã, 1987).

LITERATURE REVIEW

Besides other microorganisms from the Mediterranean beaches and surfa-
ces of swimming pools, fungal species have been isolated, too. There are a
great number of micro-fungi, potential or conditional pathogens that may be
contacted via beach sand, but there is no epidemiological evidence about tran-
smission of pathogens by this way (EOS/DRAFT/98.14, 1998, WHO, 2000).

The widespread use of sea- and other natural surface waters for recreatio-
nal purposes in recent years has brought to the question a problem of exposure
to potential risk of health of bathers, swimmers and people who do some other
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ways of recreation on water. Bacterial indicators are widely used in estimation
of presence of potential pathogen in water for recreation and in the soil as a
part of recreational zones. However, bacterial indicators, especially faecal coli-
forms, indicate only indirectly the possible presence of some potentially patho-
genic fungi, first of all the presence of some kinds of yeasts. On the basis of
investigation of 1576 samples from six recreational beaches in Israel, S h e i n -
m a n et al. (2000) have concluded that only 4,5% of samples contained faecal
coliforms in quantities not allowed by the regulative. Yeasts and molds were
present in great number (91%) of samples. From 44 identified species, 15%
belonged to the genus of Rhodotorula, 12,5% to Candida humicola and 12,3%
to the Candida albicans species. Most of mold isolates belonged to the Asper-
gillus and Penicillium genera. Since among members of the Candida and
Aspergillus genera exist species that are considered to be conditionally patho-
genic, these authors recommend obligatory inclusion of „mycotic" parametres
as additional indicators in estimation of relative safe use of recreational waters.

The similar results published A r v a n t i d o u et al. (2000) who, investi-
gating 197 samples of sea water during the summer season, found 100% sam-
ples contaminated by particles of filamentous fungi, while 15% samples were
contaminated by yeats. Mycelial fungi belonged to the genera: Penicillium
(isolated from 135 samples), Aspergillus (isolated from 113 samples) and Al-
ternaria (found in 47 samples), while yeast-like Candida species have been fo-
und in 8 samples. The number of yeasts was found to be in significant correla-
tion with the number of total coliform bacteria. Between the filamentous fungi
quantity and number of bacterial indicators of organic pollution, such a corre-
lation has not been found. On the basis of these facts the authors have conclu-
ded that the sea water should be considered as a potential vector in transmis-
sion ways of conditionally pathogenic fungi, especially for immunodeficient
persons, consequantly recommending the obligatory continuous monitoring
from this point of view of sanitary conditions of recreational zones.

In the frame of epidemiologic investigations done on two beaches in the
areas of Malaga in Spain, it has been found that indicators of faecal pollution
show highly significant coefficient of regression especially with the presence
of dermatomycotic fungi. Only a number of Escherichia coli was found to be
in positive correlation with the number of Candida albicans. On other beaches
the quantity of faecal Streptococae has also been found to be in high positive
correlation with dermatomycotic population. Again coliforms have been found
to be in the most obvious correlation with Candida albicans (B o r r e g o et
al. 1991).

The investigations of the beaches of Portugal seashore (S o u s s, 1990)
revealed the presence of dermatomycota (here the traditional inadequate term
— „dermatophyta" has been put out of usage since fungi are not plants and
suffix -phyta would wrongly direct to their belonging to the plant kingdom) in
42% analysed samples of sand beaches. Most frequently present dermatomy-
cota were: Trichophyton mentagrophytes, Trichophyton rubrum and Microspo-
rum nanum, all of them isolated from sand areas heavily loaded by organic
waste. Saprobic (not „saprophytic") fungi such as Aspergillus candidus, Asper-

153



gillus ochraceus and Aspergillus fumigatus, have been isolated mostly from
flooded and tidal areas (I z q u i e r d o et al., 1986).

Candida albicans and other members of the family Candida have been
isolated from the samples of soil of sand beaches in the south of France
( B e r n a r d et al., 1988). The same investigations have confirmed the presen-
ce of 8 keratinophilic and 11 nonkeratinophilic species of potentially pathoge-
nic fungi. I z q u i e r d o et al. (1986) have isolated 16 species from sand
from the beach of north Spanish Mediterranean seashore, some of them belon-
ging to the potentially pathogenic fungi. Most of the isolates belonged to the
Penicillium, Aspergillus and Cladosporium genera.

G h i n s b e r g et al. (1994) have isolated fungi from all samples of sand
from beaches, but not from sea water at the same localities. B o i r o n et al.
(1983) have studied all kinds of fungi in the sea water and sand from the be-
ach in the same area and come to the conclusion about similar qualitative
composition of bacteria in the sand and sea water. They recorded the absence
of Candida albicans and presence of yeasts exclusively of the marine origin.
The isolated fungi belonged to: Candida tropicalis, Candida parapsilosis,
Candida langeronii, Candida guilliermondii, Trichosporon cutaneum and To-
rulopsis sp. The most frequent species found in sand of sea beaches in another
study of Spanish seashore belonged to the genera: Penicillium, Aspergillus,
Cladosporium, Alternaria, Mucor, Monilia, Cephalosporium, Verticillium and
Chrysosporium (R o s e s C o d i n a c h et al., 1988). The absence or low inci-
dence of Candida allbicans species have been reported by other authors too
( R o s e s C o d i n a c h et al., 1988; F i g u e r a s et al., 1992).

Quantitive structure of fungal population in 180 samples collected from
42 Spanish Mediterranean beaches ranged to the several hundred thousand
cfu/g (colony forming units). The most frequently isolated species belonged to
the genera of Penicillium, Cladosporium, Aspergillus, Acremonium, Alternaria
and Fusarium (L a r r o n d o and C a l v o, 1989). The results of investigations
performed in the region of Atica in Greece, revealed the following qualitative
composition of fungi: Candida albicans, C. crusei, C. tropicalis, C. guillier-
mondii, C. rugosa, Pitirosporum orbiculare, Fusarium sp., Penicillium spp.,
Mucor sp., Helminthosporium sp. and Aspergillus niger (P a p a d a k i s et al.,
1997). Candida albicans and other species from the same genus, as well as
species from the genus Fusarium and the species Pitirosporum orbiculare, re-
presented pathogenic or potentially pathogenic community. M e n d e s et al.,
(2000) investigating 42 Portugal beaches, flooded, not flooded, intermedial,
and area flooded only during high tide find frequent presence of filamentous
fungi from the Penicillium, Aspergillus, Acremonium, Fusarium, Cladosporium
and Rhizopus genera, on all investigated beaches and in all three studied areas.
Yeast-like fungi, such as: Candida, Scopulariopsis, Trichophyton and Cryso-
sporium, were found on only few beaches, in more frequent flooded zones and
with the frequent presence of people, especially in July and August. Qualita-
tive and quantitative composition of fungi and characteristics of distribution
were similar in all studied beaches. The authors conclude that fungi are good
indicators of pollution of beaches by organic waste from the consumers of the-
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se recreational zones, as well as by the waste brought by the tidal wave in rec-
reational zones.

B o i r o n et al. (1983) when examining yeast of medical importance, in
sand and in sea water of „Sainte-Anne" beach in Guadalupa, isolated yeast be-
longing to the genera: Candida, Torulopsis and Trichosporon. B u c h a l o et
al. (1998) isolated three species of filamentous fungi from the surface water of
the Dead sea: Gymnascella marismortui (Ascomycotina), which is described as
a new species, Ulocladium chlamydosporum and Penicillium westlingii (Deute-
romycotina). The isolated cultures could not grow on agar without salt, which
suggests the adaptation of fungi to the hyper-saline conditions in that sea.

In vitro studies of human pathogenic fungi from samples from the beac-
hes of Hawaii have been done by A n d e r s o n (1979). On this occasion, 4
pathogenic fungi are isolated: Candida albicans, Trichosporon cutaneum, Mic-
rosporum gypseum and Trichophyton mentagrophytes. During experimental si-
mulations of conditions that exist on beaches, all species survived for six
months, and it shows that they can be the source of infection during a
significantly long period of time. Watering and drying sand alternatively cau-
sed the shorter period of surviving of all species except Microsporum gyp-
seum. The increasing of temperature resulted in general shorter period of sur-
vival; 45°C was inhibitory temperature, with exception of Trichosporon cuta-
neum, which survived that temperature level for almost 6 months. The level of
salt did not influence the survival of this fungus.

Microbiological community of 108 samples of water of 6 swimming po-
ols and 3 lakes with beaches has been examined to evaluate the role of recrea-
tional waters as possible source of human illnesses in the areas of Araraquara
in Brazil (F a l c a o et al., 1993). In this study Candida albicans, yeasts and
other dermatomycota were isolated. This study has shown that recreational
waters used by the population of Araraquara can be contaminated with poten-
tially pathogenic microorganisms and could be the source of infection.

When watching 4 recreational beaches on the lake Ontario, S h e r r y et
al. (1979) have come to the conclusion that opportunistic pathogen Candida
albicans appears in water near beaches due to the faecal contamination of
water. The highest number has been recorded during July and August, what
was in positive correlation with the highest number of consumers of recreatio-
nal zones in the course of these months.

Epidermophyton floccosum and species belonging to the genus Tricho-
phyton cause superficial fungal infections of hair, nails and skin. Infection of
the skin of feet, mostly among toes, so called Tinea pedis (A h o & H i r n,
1981) is characterised by symptoms that involve ulceration, holes and cuts of
skin with strong scab. Tinea pedis can be transferred by direct contacts, and in
swimming pools it usually happens by physical contact with surfaces such as
floors in showers and dressing rooms that have been contaminated with infec-
tive fragments of skin (PWTAG, 1999). This fungus colonizes stratum corne-
um where optimal environmental conditions for this species exist. In vitro
experiment shows that it is necessary approximately 3—4 hours for fungi to
initiate the infection. This infection often happens among beach rescue squad
and sports swimmers and it is considered as a relatively benign. The only so-
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urce of dermatomycota in swimming pools and baths are the swimmers who
are infected, so in monitoring of this kind of fungal infection and in the con-
trol of expanding of this disease, education is very important. Disinfections of
swimmers' feet, wearing sandals in showers and dressing rooms as well as re-
gular disinfections of floors and bottom of the pool could reduce the infection.
People with „athletic feet" and with similar dermal infections should not use
public swimming pools or baths (A l - D o o r y & R a m s e y, 1987; Public
Health Laboratory Service Spa Pools Working Group, 1994).

The investigations of micro-fungi in recreational and potentially recreatio-
nal waters in our country are relatively new and rare. Maria M u n t a ñ o l a -
- C v e t k o v i ã and Bosiljka R i s t a n o v i ã, (1977, 1980) should be consi-
dered as founders of these investigations in Serbia. They studied population of
micro-fungi of South Adriatic and come to conclusion about the link of antro-
pogenous factor and qualitative and quantitave composition of fungal com-
munity and about the importance of some species originating from the coastal
soil. Some works deal with alochthonous micro-fungi in the lakes like the Sav-
sko jezero (L j a l j e v i ã, 2000), Vlasinsko jezero (V u k o j e v i ã et al., 1997)
and water reservoirs Grošnica and Gruÿa (R a n k o v i ã, 1998). As a rule, in
all reports the presence of Aspergillus, Penicillium, Alternaria, Cladosporium,
Trichoderma, Mucor and Rhizopus species, and other potential allergenic and
fungal conditional causes of infection with immunodeficient persons, are noti-
ced.

CONCLUSION

According to the available literature data, micro-fungi, causing mycoses
and „environmental" fungi too, could be considered as important factors of
health risk, being neglected and underestimated so far, especially in analyses
of safe use of recreational waters and surrounding areas, among them swim-
ming pools, river and sea beaches. On the basis of such statement there arises
conclusion that water and ground of recreational zones could serve as vectors
in transmission pathways of potentially or conditionally pathogenic fungi, be-
ing dangerous especially for immunocompromised individuals, which suggests
the inclusion of qualitative and quantitative composition of fungal community
into a continual monitoring of hygienic status of recreational zones.
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USLOVNO PATOGENE GQIVE U REKREACIONIM VODAMA
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Departman za biologiju i ekologiju Prirodno-matematiåkog fakulteta

Univerziteta u Novom Sadu, Trg Dositeja Obradoviãa 2,
21000 Novi Sad, Srbija i Crna Gora

Rezime

Frekvencija prisutnosti rodova i vrsta gqiva od medicinskog interesa i
znaåaja porasla je u posledwe vreme u našem prirodnom okruÿewu, a naroåito u
urbanim i rekreacionim zonama. Neke gqive, pre svega kvasci i plesni, ukqu-
åene su na razliåite naåine u izazivawe patoloških stawa kod qudi i ÿivoti-
wa. Alergenski simptomi i humane mikotiåne lezije u znaåajnom su porastu u
posledwoj dekadi. Ove pojave prouzrokovale su veãu paÿwu nauåne javnosti po-
sledwih godina, posebno iz razloga što se danas shvata da je unapreðewe kvali-
teta ÿivota i zdravqa kod qudi kompleksna funkcija razliåitih uslova ÿivot-
ne sredine. Tu, izmeðu ostalog, spada i izlagawe organskim i neorganskim po-
lutantima i širokom spektru mikroorganizama.
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Pregled dostupnih podataka iz literature omoguãava zakquåak o mikrogqi-
vama kao faktorima rizika, koji su dosad bili zanemarivani u analizama zdrav-
stvene bezbednosti korišãewa rekreacionih voda, pogotovu bazena i reånih i
morskih plaÿa. Na osnovu ovakvih nalaza zakquåuje se da voda i tle rekreacio-
nih zona treba da se posmatraju kao potencijalni vektori u transmisionim pu-
tevima (potencijalno) patogenih gqiva, posebno za imunokompromitovane oso-
be. To podvlaåi potrebu ukquåewa kvalitativnog i kvantitativnog sastava mi-
krogqiva u kontinuiranom monitoringu higijenske ispravnosti rekreacionih
zona.
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LIGNICOLOUS MACROFUNGI OF THE
BARDAÅA FLOODPLAIN REGION*

ABSTRACT: In the frame of biodiversity investigation of the Bardaåa floodplain
(Republic of Srpska, Bosnia), the investigation of the presence and the diversity of macro-
fungi of the wider Bardaåa region have been undertaken. The relative poor generic diversity
of lignicolous macrofungi with only 21 species (11 families) representing this group has
been recorded. Such a poor qualitative and also quantitative composition of this very impor-
tant fungal group could be explained by heavy devastation of autochthonous plant commu-
nities, reducing them to the small number of plant associations of poor generic composition.
Consequently, drastic decrease of the diversity of ecological niches as fungal habitats was
caused. Even though being preliminary, our results point to the necessity of conservation
and protection of recent fungal diversity but, in our opinion, not by making so-called „Red
list of endangered species", which, due to the lack of information and very poor evidence
on this group of organisms in the region under the consideration, are extremely unreliable
and therefore disputable, but rather through the very short list of few not endangered speci-
es, conditionally called „White list of not endangered fungal species", if such species
recently exist at all.

KEY WORDS: lignicolous fungi, evidence, Bardaåa floodplain, Republic of Srpska,
Bosnia

INTRODUCTION

The investigations of macromycetes of the Bardaåa floodplain region (Re-
public of Srpska, Bosnia) have been neglected so far. Data considering the
qualitative and quantitative composition of these, first of all very important re-
ducers of organic matter are lacking, as well as the data about their significant
role as important elements in the entire chain of the nutrition in natural envi-
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ronments. The fungi in general, and consequently macrofungi too, become
recently a group of organisms of great biotechnological interest as potential
producers of various biologically active agents (M a t a v u l j et al., 1993a, b;
1996).

The history of mycological research in former Austro-Hungarian King-
dom is being coupled with the name of Austrian botanist Schulzer von Mug-
genburg (1802—1892), who had already published a paper under the title
„Systematische Aufzählung der Schwämme Ungarns, Slavoniens und des Ba-
nats, welche diese Länder mit anderen gemein haben" in 1858 in the journal
„Verh. zool. bot. Ges. Wien", 7: 127—152 (T o r t i ã, 1980).

Next reports consider the results of the research of the Laboratory for
mycology and lichenology (Institute of Biology, Faculty of Natural Sciences,
University of Novi Sad) dealing with the same problematic of the river Ta-
mish bank region, and Fruška Gora and Vrshachke Planine mountains (J a r i ã
et al., 1998, M a t a v u l j et al., 1989; M a t a v u l j and B o k o r o v, 1990).

The aim of this research is collecting necessary informations in this field
in order to form a basis for conservation and improvement of existing condi-
tion of natural environments. Fungi are pointed as especially endangered group
of organisms of Europe (A r n o l d and d e V r i e s, 1993); I n g, 1993;
I v a n å e v i ã, 1995). Since for the Bardaåa floodplain region the data about
macrofungi are lacking, and some parts of this region belong to planned nature
reserve, we found worthy and interesting to start with the evidence of fungal
species as the beginning of more systematic and more detailed investigations
of the presence, biology, ecology and conservation of these significant and en-
dangered organisms.

MATERIAL AND METHODS

Systematic mycological investigations of the Bardaåa floodplain region of
the northern sector of the Republic of Srpska (Bosnia and Herzegovina) were
done during the 2002—2004 period of time. Ten localities (sampling sites)
were chosen for the collection of samples: 1) Oak wood nearby Bardaåa motel
(100—300 m north of motel); 2) Oak and hornbeam wood, nearby the Faculty
of Sciences of the Banja Luka University Research station; 3) The park with
planted allochthonous wood species surrounding the Bardaåa motel; 4) Trees
and bush along the Matura river; 5) Trees and bush along the Stublaya swamp;
6) Trees and bush along the Brzaja spring; 7) Trees and bush along the Vrbas
River; 8) Utvaj region and trees along the Sava River; 9) Farms and orchards
between the Stublaja and Brzaja springs; 10) Wett meadows along the produc-
tive basins of the Bardaåa fishponds.

Fungi were identified on the basis of both morphological and anatomical
properties of fruit bodies and according to specific chemical reactions using
modern keys (A i n s w o r t h et al., 1973; B o n, 1988; B o ÿ a c, 1989; C e t -
t o, 1979; F o c h t, 1979; H e r m a n n, 1990; M o s e r, 1978; P h i l l i p s,
1983).
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RESULTS AND DISCUSSION

Results of recording of fungal species in the Bardaåa floodplain region
are shown in Table 1 containing the list of lignicolous fungi. Most of them
can be found during the whole year, regardless of the season, except Flammu-
lina velutipes appearing usually during the late winter and early spring sea-
sons, Coprinus micaceus and Coprinus disseminatus, which do not grow only
during the winter, and Pholliota cerifera, which belongs to group appearing
during summer and autumn seasons.

Out of 21 evidenced lignicolous macrofungi, to the Polyporaceae belon-
ged 6 species, followed by 4 members of fam. Tricholomataceae, two of them
belonged to fam. Ganodermataceae and two to Coprinaceae, and by one spe-
cies fam. Schizophyllaceae, Strophariaceae, Auriculariaceae, Hypocreaceae,
Tremellaceae, Hymenochaetaceae and Lycoperdaceae.

Considering the poor qualitative composition of host plants, substrates
consisting mainly from six tree species: Quercus spp., Crategus monogina,
Salix alba, Populus nigra and Acer campestre, it was not surprising relatively
poor generic composition of lignicolous macrofungi of the investigated region.

Since the fungi are one of the most important group of organisms playing
the most significant role in organic matter reduction and mineralization in na-
tural environments, it is necessary to undertake measures for conservation of
existing fungal genofond and creating conditions for comeback of species,
whose withdrawal from this region was caused by impoverishing of ecological
conditions for their growth.

For the conservation of existing fungal genofond and its improvement it
is necessary to conserve and where it is possible to reconstruct and improve
autochthonous, even rudimentary present plant associations, in order to provide
substrates and ecological niches for fungal appearance.

We also find promotion of so-called „Red lists of endangered fungal spe-
cies" (I v a n å e v i ã, 1995, 1996) in natural environments such as these exist-
ing in South-eastern Europe, drastically devastated by anthropogenic monocul-
ture introduction, not to be justified, due to very limited knowledge regarding
this group of organisms and due to the very distinct lack of informations about
the both, former and recent presence or absence of fungal species at this
territory and for one longer period of time.

Table 1. Generic composition of the lignicolous macrofungi of the Bardacha floodplain region

Species Familia Substrate Locality
Ganoderma
applanatum
(Pers.) Pat.

Ganodermataceae on fallen unidentified tree trunk
and on the Salix alba tree 6)

Ganoderma lucidum
(Curtis: Fr.) Karsten Ganodermataceae

in the basis of an old willow
stump; on fallen trunk of Salix
alba in the canal bank region

1), 4), 6)

Auricularia
auricula-judae
St. Amans

Auriculariaceae Robinia pseudoacacia fallen
branches 3)

163



Flammulina velutipes
(Curt: Fr.) Tricholomataceae in the basis of Salix alba

living tree 6), 8)

Panellus stipticus
(Bull.: Fr.) Karsten Tricholomataceae on old Salix alba stump 4), 6), 7)

Pleurotus ostreatus
(Jack.: Fr.) Kummer Tricholomataceae on living Salix alba trunk 4), 7), 8)

Panus tigrinus
(Bull.: Fr.) Sing. Tricholomataceae on fallen Salix alba trunk, in

willow trunk cervice 1), 2), 9), 10)

Schizophyllum
commune Fr.: Fr. Schizophyllaceae

on dry fallen branch of
unidentified tree; on fallen
Salix alba trunk

1), 2), 4), 5),
7), 8), 9)

Pholiota cerifera
(Karst.) Karst. Strophariaceae on living Populus nigra tree 7), 8)

Laetiporus sulphureus
(Bull.: Fr.) Murrill Polyporaceae on living tree of Salix alba 4), 7), 8),

Daedaleopsis
confragosa (Bol.: Fr.)
J. Schroeter var.
tricolor (Bull.) Bond.

Polyporaceae on strait standing dead Salix alba
trunk 9)

Trametes versicolor
(L.: Fr.) Pilat Polyporaceae

on Salix alba stumps; on linden
fallen branch; on oak and on
hornbeam stumps

1), 2), 3), 5),
7), 8), 9), 10)

Trametes hirsuta
(Wulfen: Fr.) Pilat Polyporaceae on Salix alba stumps 2), 3), 7), 8),

9), 10)
Lenzites betulina
(L.: Fr.) Fr. Polyporaceae on Salix alba stump 5), 6), 7), 8),

9), 10)

Fomes fomentarius
(L.: Fr.) Fr. Polyporaceae

on old trunk of Populus nigra;
on living Salix alba treee; on
living linden tree.

1), 3), 8)

Phellinus igniarius
(L.: Fr.) Quel.

Hymeno-
chaetaceae on living Salix alba trees 8), 9)

Coprinus disseminatus
(Pers.: Fr.) Fr. Coprinaceae in the basis of stump of Populus

euramericana 9), 10)

Coprinus micaceus
(Bull.: Fr.) Fr. Coprinaceae on almost all of rotten Salix alba

stumps 8)

Lycoperdon pyriforme
Schaeff.: Pers Lycoperdaceae in the basis of Salix alba rotten

stump on the Populus nigra stump 5), 10)

Nectria cinnabarina
(Tode: Fr.) Fr. Hypocreaceae

on dry fallen branch of Acer
campestre on dry fallen branch
of Crategus monogina

3), 4), 8), 9),
10)

Tremella mesenterica
Retz.: Hooker Tremellaceae on fallen branch of Robinia

pseudoacacia 3)

Being a group of organisms the most sensitive to the anthropogenic natu-
ral changes (pollution, decrease of ecological niches diversity, excessive ex-
ploitation, the eradication by fungicides, etc.), fungi are the most endangered
organisms. From this reason, on this stage of our knowledge of problems of
fungal species diversity, more convenient and more justified would be establis-
hing a (very) short „White list of not endangered" fungal species which would
serve much more adequately for the protection and conservation of this ex-
tremely important link in the matter cycle and energy flow, first of all in terre-
strial ecosystems.
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CONCLUSION

During the 2001—2004 period of time, investigations of presence and
species diversity of macrofungi in the Bardaåa floodplain region have been
undertaken. 21 lignicolous species were recorded, representing 11 families.
Relatively poor generic composition can be explained by drastic anthropogenic
devastation of autochthonous plant associations and by reducing the vegetation
along the fishpond banks to the small number of plant species, causing the re-
duction of the diversity of ecological niches for growth of fungi, as a rule
highly specified for dead or living plant substrate.

Since in natural environments fungi (together with bacteria) play role of
one of the most important group of mineralizators of organic matter, important
link in the matter cycle and energy flow through the ecosystem, it is necessary
to prevent further devastation of fungal species diversity and undertake measu-
res for conservation of existing fungal genofond and for its diversity improve-
ment by reconstruction at least fragmentary autochthonous plant associations
which would cause the enrichment of ecological niches diversity and conse-
quently to that enrichment of fungal species diversity.

From mycological point of view, the Bardaåa floodplain region is not ter-
ra incognita any more, but for more reliable data, further more systematic and
more detailed investigations of this region should be undertaken.
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Rezime

U okviru istraÿivawa biodiverziteta ispitivane su zastupqenost i ra-
znolikost lignikolnih gqiva šireg podruåja moåvarnog regiona Bardaåa (Repu-
blika Srpska, Bosna). Konstatovan je relativno siromašan generiåki sastav
ove grupe gqiva sa svega 21 vrstom (11 porodica). Siromaštvo ove izuzetno va-
ÿne grupe primarnih reducenata, kako u kvalitativnom tako i u kvantitativ-
nom smislu, moglo bi se objasniti izrazitom devastacijom autohtonih biqnih
zajednica kao prirodnih staništa ovih gqiva, redukovanih na mali broj vrsta
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biqnih domaãina, supstrata za wihov razvoj. Redukcija raznovrsnosti ekolo-
ških niša ovih gqiva prouzrokovala je smawewe broja vrsta, što ãe biti po-
goršano najnovijom devastacijom (2004) fragmenata šumskih zajednica u okviru
ribwaka Bardaåa. Zbog nedostatka podataka, u ovom sluåaju se ne moÿe govoriti
o primeni „crvene liste" ugroÿenih vrsta, nego o eventualnoj kratkoj „beloj
listi" neugroÿenih vrsta, ukoliko takve u ovom regionu danas uopšte postoje.
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FUNGAL INFECTIONS OF
ADONIS VERNALIS L. FRUITS*

ABSTRACT: Yellow pheasant´s Eye is a herbaceous plant from dry ressy areas.
Owing to habitat destruction and over- collection for ornamental and medical purposes, A.
vernalis L. has became scarce in central and south Europe. The reasons for A. vernalis thre-
atened are manyfold. The low seeds germination rate is significant. According to our inve-
stigation the main cause of fruit destruction is fungal infection. From the surface of the fru-
its, collected in Deliblato Sands, the following micromycetes has been isolated and determi-
nated: Fusarium solani (Mart.) Sacc., Fusarium sporotrichioides Sherb., Alternaria sp. and
Drechslera sp. Histologycal analysis showed the presence of conidiomata and conidia Pho-
ma sp. in the seeds.

KEY WORDS: Adonis vernalis, fruits, micromycetes, Phoma sp., seeds

INTRODUCTION

Adonis vernalis L. (Yellow pheasant's Eye) is a herbaceous perennial and
a tipical stepe plant. In the middle and southwest Europe the area is disjunct
with some isolated growth places in a mainly azonal habitats scattered from
south-east Sweden to south-east Spain (J a l a s & S u o m i n e n, 1989). Its
grown places in central and south Europe are restricted to isolated grown pla-
ces, but in more easterely Europe populations are increasing. Owing to habitat
destruction and ower-collection for ornamental and medical purposes, A. ver-
nalis has became scarse in central and south Europe.
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Within the menyfold reasons for A. vernalis threatened the low seed ger-
mination is very significant. A vernalis is an element of dense grassy places in
which the seeds often have difficulties to reach open soil surface. In spite of
this, regeneration by seeds does not take place each year. The seeds lose their
viabillity very quickly, and no seed reserve is built up in the soil. Many see-
dlings die off due to soil desiccation in summer and frost in winter. An indivi-
dual plant does not flower before its third or fourth year. Fertile reproduction
only take place if seeds are abudant and the weather is rainy and cool in July
to August, enabling the seeds to germinate immediately after maturing. Thus,
vegetative growth is far more important than generative reproduction and hap-
pens by rhizomes producing new shoots each year (M e l n i k, 1998).

MATERIAL AND METHODS

The specimens for mycological and histological analysis (fruits of Adonis
vernalis) were collected from Deliblato Sand, protected area.

Mycological analysis

The seeds were surface desinfected with 4% NaOCL and another seed
samples left unthreated and than placed, in moisting chambers and on malt
agar (MA) (B o o t h, 1971a). The morphologicaly different micromycetes were
reisolated on selective mycological media. After the period of incubation, the
fungal structures were placed on microscopic slides and stained with Lactophe-
nol cotton blue. Reproductive structures were measured and photographed on
Reichert microscope with Canon Power Shot S40. The micromycetes from
seed surface were determined using B o o t h (1971b) and E l l i s (1997) iden-
tification keys.

Histological analysis

Specimens were fixed in FAA (formalin-glacial acetic acid-ethanol, 10:5:
85) at 4°C, 3 days. Fixed material was dehydrated in graded ethanol series and
embedded in paraffin at 57°C. Sections (8—10 mm thick) were stained with
haematoxylin and a second contrasting strain safranin (0.8%). All sections
were photographed on Reichert microscope with Canon Power Shot S40.

RESULTS AND DISCUSION

A high degree of black and destroyed fruits probably caused by fungi
was observed. From the surface of A. vernalis fruits, the following micro-
mycetes have been isolated: Alternaria sp., Drechslera sp., Fusarium solani
(Mart.) Sacc and Fusarium sporotrichioides Sherb. (Hyphomycetes, Deutero-
mycotina). After the seed desinfection from the seed surface it was isolated
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only Drechslera sp. Species from genus Alternaria and Drechslera are tran-
smitted through seeds. Some species are known as seed-borne pathogens. The-
ir conidia colonize the seed coat during the seed developement stage and when
the seed germinates, they become active (W a t a n a b e, 2002). Fusarium sola-
ni is one of the most ubiquitous soil fungus and a destructive plant pathogen
of hundreds of hosts, causing root and fruit rots (S h a m i a m et al., 2003).

We analyzed immature fruits of Adonis vernalis (Fig. 1). The structure of
fruits was disrupted. The longitudinally-sectioned fruits showed an absence of
normal pericarp layers: egzocarp, mesocarp and endocarp. Testa (seed coat),
embryo and endosperm was destroyed. We did not notice normal structure ot
seed coat. The sections show only some parts of testa without visible cell
layers. In addition, we observed an absence of embryo and endosperm (Fig.
1.1). The whole immature fruit with seed was full of mycelium and reproduc-
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Fig. 1. The longitudinall section of infected Adonis vernalis fruits
Fig. 1.1. A. Destroyed pericarp; B. Destroyed testa; C. Reproductive structures of
Phoma sp. Fig. 1.2. Conidiomata of Phoma sp. Fig. 1.3. Conidia of Phoma sp.



tive structures of fungi which was first determined as Coelomycetes. Accor-
ding to mycological experts from Kew Greden, England, who confirmed the
identification, conidiomata and conidia belong to genus Phoma (Fig. 1.2 and
Fig. 1.3). The investigations of developement of reproductive structures of
Phoma macdonaldi Boerema on sunflower seeds showed a complete disinte-
gration of the cotyledon and the picnidia arranged in rows formed in the outer
layers of the parenchyma (S t a j i ã at al., 2001).

Long-term examination of Dianthus superbus ssp. superbus on habitat
Brezi in Protected Landscape area (PLA) Litovelske Pomoravi (Czech Repu-
blic) showed similar results. Three pathogenic fungi, Alternaria dianthi, Fusa-
rium oxisporum and Verticillium albo-atrum were isolated from seeds and cap-
sules and their negative influence on the germination and developement of
young plants was proved (M i k u l i k et al., 2001—2002).

This results arise new questions, ideas and solutions in the concept of the
threats of plant species.
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Rezime

Gorocvet je zeqasta biqka sušnih predela. U centralnoj i juÿnoj Evropi,
kao tipiåno stepska biqka, ima ograniåeno rasprostrawewe, dok je u istoånoj
Evropi brojnost populacija u opadawu. U centralnoj i juÿnoj Evropi ova biqka
postaje sve ugroÿenija zbog preterane eksploatacije od strane åoveka, u medi-
cinske svrhe, kao i zbog narušavawa wenog staništa. A. vernalis je kao ugroÿe-
na biqka ukquåena u crvene kwige. Jedan od razloga ugroÿenosti A. vernalis je
niska sposobnost klijavosti semena. Prema našim istraÿivawima glavni uzrok
destrukcije plodova je infekcija gqivama. Sa površine plodova A. vernalis, sa-
kupqenih u Deliblatskoj pešåari, izolovane su i determinisane sledeãe mi-
kromicete: Fusarium solani, Fusarium sporotrichioides, Alternaria sp., Drechslera sp.
Histološki preseci inficiranih plodova pokazuju znaåajne promene: peri-
karp i semena su razoreni micelijom i plodonosnim telima gqive iz roda Pho-
ma, prema mišqewu mikoloških eksperata (Kew Garden, Engleska) koji su po-
tvrdili identifikaciju. Ovi rezultati donose nova pitawa, ideje i rešewa o
konceptu ugroÿenosti biqnih vrsta.
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MOULDS ON PAINTINGS*

ABSTRACT: Spores of many fungal species are present in the air. It is known that
main reasons of fungal expansion in museums are inadequate relative humidity, and tempe-
rature. Regulation of these two factors can control the germination and development of mo-
ulds spores.

Isolation and determination of micromycetes from objects which are exhibited and
deposited in Museum of Naive Art „Ilijanum" and in the gallery „Sava Šumanoviã" in Šid
were done.

It was analyzed 40 samples from canvas, dyes and wooden frames with visual chan-
ges. Many species of genera Alternaria, Aspergillus, Aureobasidium, Cladosporium, Drec-
hslera, Epicoccum, Penicillium; Rhizopus, Trichoderma, Ulocladium, and Wardomyces were
isolated and determined.

KEY WORLDS: moulds, museums, paintings

INTRODUCTION

Microorganisms common by attack materials such as paper, textile, wood,
dyes, and leather. They form well-known brown spots on the surface of orga-
nic materials. It is known that microorganisms attacking museum objects grow
fast in tropic conditions or in closed spaces with relative humidity over 70%
and temperatures over 15°C. When the temperature and humidity values are
low, microorganisms do not grow and the infected objects stay more or less
under control.

The optimum conditions for fungal growth include a humid environment
and a neutral to acidic pH with an organic nutrition source. Their development
in paints may cause both aesthetic and physical degradation of the painted sur-
face. Dust and other air components can be potental natural sources of fungi
and bacteria spores. Fungal spores land on surface and grow under optimal en-
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vironmental conditions (B u s s j a e g e r, 1999). For this reason, millions of
dollars are spent annually on chemicals to protect painting from microbial da-
mage.

Moisture is the primary environmental condition, while temperature plays
less important role for molds growth. Fungal spores are present in the air from
100 to over 1.000 per m3 depending on geographic location. Moulds can appe-
ar in two forms, as spore and as mycelium. They can be transported from one
surface to another by insects, humans, or air and affect the appearance and
performance of paintings.

The most common fungal species found on contaminated dry paint film
are Aureobasidium, Alternaria, Aspergillus, Cladosporium, and Penicillium.
However, the dominant fungal species can vary depending on climate and con-
dition of the paint film.

The aim of this investigation was the isolation and determination of mo-
uld species in paintings which can cause significant damages both in store ro-
oms and galleries.

MATERIAL AND METHODS

The isolation and determination of micromycetes from objects which are
exhibited and deposited in Museum of Naive Art „Ilijanum" and in the gallery
„Sava Šumanoviã" in Šid were done.

Forty samples from canvas, dyes and wooden frames with visual changes
were taken for mycological analysis. Samples were collected from paintings
which were either deposited in museum store room or exhibited in gallery.

Samples were inoculated on malt streptomycin agar (MSA) medium (malt
extract agar with 500 mg streptomycin per litar). Cultures were incubated at
25°C for 7 days. Reisolations of the formed colonies were done successively,
to the selective nutrient media [potato dextrose agar (PDA), Czapek's agar
(CzA) and malt extract agar (MA) (B o o t h, 1971)] using standard mycologi-
cal methods: Reisolated cultures were incubated at 25°C in an incubator.

Macroscopic and microscopic characteristics of the obtained isolates were
studied. Lactophenol or fuchsin acid were used for light microscopy examina-
tions. For the identification of the fungi the following keys were used: E l l i s
(1976), A i n s w o r t h et al. (1973), R a p e r and F e n n e l l (1965), R a -
m i r e z (1982), and W a t a n a b e (2002).

RESULTS AND DISCUSSION

Moulds species from 13 genera were isolated and determinated by myco-
logical analysis of collected samples from paintings. Slight diference was no-
ted between isolates from paintings surfaces and frames (Table 1). Cladospori-
um is the most abundant genus which is 4-fold more numerous then genus Pe-
nicillium that is the second by proportion. Trichoderma, Aspergillus, Alterna-
ria and Rhizopus are also commonly found genera (Fig. 1). These results are
in accordance with the literature data (K e c k, 1964).

176



Table 1. List of isolated molds species

Isolated molds species

canvas and dyes frames

Alternaria alternata
Alternaria sp.
Aspergillus candidus
Aspergillus sp.
Aspergillus versicolor
Aureobasidium pullulans
Cladosporium cladosporioides
Cladosporium sp.
Cladosporiun herbarum
Drechslera sp.
Epicoccum purpurascens
Micelia sterilia
Penicillium cyclopium.
Penicillium sp.
Rhizopus stolonifer
Trichoderma viride
Ulocladium chartarum
Ulocladium oedemansii
Ulocladium sp.

Alternaria alternata
Alternaria sp.
Aspergillus flavus
Aspergillus fumigatus
Aspergillus niger
Cladosporium cladosporioides
Cladosporium sp.
Cladosporium tenuisimum
Drechslera sp.
Epicoccum purpurascens
Micelia sterilia
Mycotypha microspora
Penicillium sp.
Rhizopus stolonifer
Trichoderma viride
Ulocladium chartarum
Ulocladium sp.

Species of these genera are good producers of lignocellulosic enzymes
and acids which may degrade wood, paper, cardboard, cloths, dyes. Species of
genera Alternaria and Trichoderma are especially destructive due to high level
of lignocellulosic enzyme production. These species are very important becau-
se many objects from Museum of Naive Art „Ilijanum" were done on wood.
Isolated species Aureobasidium pullulans is known as a potent dye and polish
degrader, while species of the genus Drechslera are causative agents of moul-
deness in museum store rooms (D i x and W e b s t e r, 1995).
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All the found species are common allergens and some of them are poten-
tial mycotoxin producers. Cladosporium and Penicillium species, which were
the most abundant, are known as common causes of extrinsic asthma. Like-
wise, A. alternata is capable of producing tenuzonic acid and other toxic meta-
bolotes which may be associated with diseases in humans and animals (C a r -
t e r, 1992).

It is a fact that fungal spores are present everywhere, but it is necessary
to control their germination by regulation of moisture and temperature. Like-
wise, successful ways of protection are the usage of proper fungicides, as well
as regular cleaning of museum objects, store rooms, and galleries.
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Rezime

Spore mnogih vrsta gqiva su prisutne u vazduhu. Poznato je da su osnovni
uzroci prenamnoÿavawa gqiva u muzejskim prostorima neadekvatna relativna
vlaÿnost i temperatura. Regulacijom ova dva faktora mogu se drÿati pod kon-
trolom klijavost spora gqiva i razvoj plesni.
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Izvršeni su uzorkovawe i determinacija mikromiceta sa umetniåkih sli-
ka izloÿenih i deponovanih u Muzeju naivne umetnosti „Ilijanum" i u Galeri-
ji „Sava Šumanoviã" u Šidu.

Analizirano je 40 uzoraka sa platna, boje i drvenih ramova sa vidqivim
promenama. Determinisan je veãi broj vrsta mikromiceta iz rodova: Alternaria,
Aspergillus, Aureobasidium, Cladosporium, Drechslera, Epicoccum, Penicillium; Rhizo-
pus, Trichoderma, Ulocladium, Wardomyces. Vrste ovih rodova su dobri producen-
ti lignocelulolitiåkih enzima i kiselina koji razgraðuju drvo, papir, karton,
tkanine, slikarske boje. Poznato je da su posebno destruktivne vrste rodova Al-
ternaria i Trichoderma zbog visoke produkcije lignocelulolitiåkih enzima. Ve-
lik broj slika u Muzeju naivne umetnosti „Ilijanum" uraðen je na drvenoj pod-
lozi pa su zbog toga ove vrste posebno znaåajne. Izolovana vrsta Aureobasidium
pullulans je karakteristiåna kao razlagaå boja i lakova, dok su vrste roda Drech-
slera poznate kao izazivaåi plesnivosti u velikim depoima slika.
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