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K o n s t a n t i n V i k t o r o v i c h S u d a k o v

P. K. Anokhin, Research Institute of Normal Physiology
Russian Academy of Medical Sciences, Moscow, Russian Federation

SYSTEM QUANTA AS DISCRETE UNITS
OF BEHAVIOR

ABSTRACT: System quanta are specific operators in the dynamic activity of the or-
ganism's functional systems discovered by P. K. Anokhin. By the term “system quantum"
of life activities we propose to understand discrete system processes proceeding from any
arising need up to its satisfactions.

Every system quantum of behavior presents a self-regulating organization including
the initial need, motivation, system architectonics as described above, intermediate and final
results and continuous evaluation of the achieved results by dynamic reconstruction of ac-
ceptor of action's result. System quanta may be organized at different levels of life activity.
These levels extend in their hierarchy from genes and functional systems of metabolic and
autonomic level to zoo-social populations of animals and human communities.

Every system quantum is also characterized by information properties. Information
properties of every system quantum are closely related to the initial need and its satisfac-
tion.

KEY WORDS: system quantum, functional systems

INTRODUCTION AND GENERAL DEFINITION
OF SYSTEM QUANTA

In 1979 I suggested a hypothesis about systemic quantification of the be-
havior. In order to make a distinction with the commonly accepted term
“quantum" in physics, we entitled the proposed unit of behavior as “system
quantum". System quanta are specific operators in the dynamic activity of the
organism's functional systems discovered by P. K. Anokhin (3, 19, 21).

By the term “system quantum" of life activities we propose to understand
discrete system processes proceeding from any arising need up to its satisfac-
tions.

System quanta are disclosed externally behaviorally and by the results of
satisfaction of organisms needs. Inside the organism (internally) the system
quanta — their structure and dynamic — are realized through physic-chemical
and information processes of system architecture of functional systems. The
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brain mechanisms of the functional systems include the following successively
changing each other stage: afferent synthesis, decision-making, prediction and
estimation of required results-acceptor of action's result, metabolic and autono-
mic behavioral reactions of an organism (3).

According to our concept all continuum of behavioral and psychic acti-
vity in humans and animals is split into separate resulting system quanta,
which provide the satisfaction of leading requirements of living beings.

Every system quantum of behavior presents a self-regulating organization
including the initial need, motivation, system architectonics as described above,
intermediate and final results and continuous evaluation of the achieved results
by dynamic reconstruction of acceptor of action's result (Fig. 1).

In development of central architectonics of system quanta of behavior and
psychic activity under influence of reverse afferentation from parameters of the
achieved results and signals from the acceptor of action's result to afferent
synthesis, a dynamic reconstruction of system architectonics of a behavioral
act takes place, which in the long run provides the achievement by a subject
of the adaptive result — satisfaction of the initial need.

6

Fig. 1 — Dynamic organization of behavioral system quantum.
Above: system quantum of behavior; below: stage reconstruction of behavioral.



System quanta may be organized at different levels of life activity. These
levels extend in their hierarchy from genes and functional systems of meta-
bolic and autonomic level to zoo-social populations of animals and human
communities.

Needs of organisms also arise at different levels of life activity. They in-
clude metabolic (biological) needs of the required nutrients, oxygen, optimal
temperature, osmotic pressure, pH etc. Zoo-social needs determine the forma-
tion of system quanta of behavior of groups of animals. Social needs of people
form system quanta of their social activity. With these system quanta biologi-
cal and social needs are satisfied after the achievement of biologically or so-
cially significant results. A detailed classification of needs is given in (10).

One can consider as examples the internal system quanta satisfying an
optimal level of nutrients in an organism, of osmotic pressure, of a level of
products of a metabolism, of body temperature, etc.

System quanta of behavioral level have an external active link of self-
-control due to interaction with the environment. Functional systems and corre-
sponding biological motivations compose such system quanta and determine
purposeful behavioral activity.

At a zoo-social population level, system quanta and functional systems
composing them differ to some extent. Separate individuals with a set of their
own homeostatic and behavioral functional systems represent components of
these system quanta. Cumulative activity of individuals united in system quanta
produce the end results of activity of functional systems at this level. Some of
these individuals perform specific functions (leaders, executors, watchmen, etc.).

In human populations system quanta are built by social needs of people
and are directed to their satisfaction. At that every social organization per-
forms its specific functions.

System quanta of behavior can be formed sometimes entirely based on
genetically determined mechanisms. The so-called instinctive behavior is pro-
duced in that case. In the organization of system quanta of individually
acquired behavior the mechanisms of learning and memory play an important
role.

We distinguish successive and hierarchic quantization of behavior. Under
successive quantization the satisfaction of one need is followed in time by the
appearance of the other need and so on. Under hierarchic quantization the re-
sult of the action (satisfaction of the need) of one system quantum is delayed
in time to the future and in order to achieve the result it is necessary to per-
form a number of successive system quanta and hierarchically changing each
other.

GENERAL SYSTEM QUANTA CHARACTERISTICS

Specific physical and chemical processes determine metabolic need and
its satisfaction and in this way form energy basis of any system quantum of a
living organism. Besides, every system quantum is also characterized by infor-
mation properties.
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Information properties of every system quantum are closely related to the
initial need and its satisfaction.

It is possible to postulate information equivalent of the need and its satis-
faction. Information equivalent of need is formed in all cases when a deviation
occurs of the result from its value that is optimal for life maintenance. The in-
formation of the need is preserved at all levels of system quanta regardless of
the change of physical and chemical processes representing the need. Different
nervous and humoral processes, excitation of special nervous centers and for-
mation of behavior are processes that also include all significant information
for the need. Two specific main processes — the information on need and its
satisfaction — are compared on special brain structures, which constitute an
information screen. These screens are based on processes of imprinting and
corresponding structures of acceptor of action results and include outstripping
replication of information on the need on the structures of acceptor of action
results.

The subjective core of any system quanta is reflected in these information
screens. Estimation of the information on the need and its satisfaction is in-
trinsic to all life activities from information molecules to integrative processes:
irritability, emotional sensations and verbal language in human mental activity.
They also take part in different stages of evolutionary development of living
beings.

A leading information signal in behavioral system quanta is emotion. Ne-
gative emotions accompany the needs, positive emotions accompany the satis-
faction.

Under repeated and sometimes single satisfaction of the need positive
emotions begin to be foreseen in advance even when the need arises.

8

Fig. 2 — Trigger mechanism of excitation of neuron in the motivation center of hypothalamus. It
is shown, that previously silent hypothalamic neuron starts to generate pulses only when its
excitability achieves a critical level (K) under the influence of an increasing humoral need. Neu-
ron pulses stop when its excitability decreases to an initial level when the need is satisfied. Pulse
activity of neuron arises again at the subsequent formation of need and increasing of excitability

of neuron up to a critical level.



Trigger mechanisms. The activity of system quantum originates after
excitability of elements forming it achieves certain critical level (Fig. 2). Acti-
vity of system quanta proceeds until the initial need is satisfied.

The most investigated are the trigger mechanisms of system quanta of be-
havior. Biological motivations originating on the basis of these system quanta
are built on the trigger principle (20).

The wave and particle properties of system quantum. Any system quan-
tum may be characterized by the properties of a particle or a wave. Thus
system quantum can be considered as a discrete unit (“particle") of a conti-
nuum of a life span. On the other hand, the trigger mechanism determines
wave properties of any system quantum.

Torsion mechanism in system quanta activity. The torsion mechanisms
are known to be produced by the rotator spin moments of interacting particles.
Spin moment corresponds to the direction of the spin, which can change its
direction when new information influences molecular environment of the par-
ticles.

Two opposite tendencies continually operate in every system quantum.
One is revealed at the increase of the value of the result, the other one — at
its decrease. The first acts to decrease the value of the result to a normal level,
the other — to increase it.

When initial need is formed all components of the organism, united by a
dominating motivation, start to organize behavioral system quantum, directed
to the search of the substances, satisfying the need. At the achievement of the
required result the reinforcement occurs, the motivation disappears, the activity
is reduced and subjects quite often get relaxed and may fall asleep.

Holographic principle in organization of system quanta. As is well known,
in optics, a holographic principle was discovered by Dennis Gabor. Creating a
hologram, a light wave is normally split by a special prism into two waves.
One is a supporting wave, and the other, a subject wave, reflected from the
object to be photographed. To reconstruct a hologram, only a supporting beam
is sufficient.

Taking into consideration the analogy with a physical hologram one can
consider the need as an information reference (supportive) wave. On the basis
of motivation that wave forms an acceptor of action results performing the
prediction of required result. Multi channel reverse afferentation from achieved
results may be represented as a signal (subject) wave (22) (Fig. 3).

Dominating motivation is a basic factor for brain hologram retrieval (23).
Dominating motivation retrieves memory traces (engrams) from acceptor of
action's result containing the properties of the needed result and specific con-
ditional stimuli and pathways previously contributing or inhibiting the achieve-
ment of adaptive results useful for the organism and satisfying the organism's
vital needs.

Various indicators of general herd needs operate as a reference (suppor-
tive) wave in zoo populations. The signal (subject) wave in this case is deter-
mined by signals from the achieved results of activity important to the herd.

Social environment play a decisive role in development of social needs of
humans. These needs include absent in animals human motivations, such as
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aspiration for the general or special education, working activity, creativity and
even self-sacrifice in the name of public interests etc. Social needs of indivi-
duals substantially change their biological needs, socially tinting them and play
the role of a supportive wave.

A signal (subject) wave is provided by the information from receptors
signaling the parameters of events in social environment.

The accumulated individual and public knowledge, laws, morals, ethics
forms a reference wave in social populations of people. A signal wave arises
from individual and public work of institutes, governmental organs, industrial
and agricultural production establishments, etc.

Information waves corresponding to the need and its satisfaction are di-
stributed to structures of the brain in the certain time sequence. The conditions
for their interference on brain structures and for construction of holograms are
created in such a way. Thus a brain holographic screen of the information is
formed.

These brain holographic screens are constructed on the structures of the
acceptor of action results of different functional systems. Molecular engrams
are built on the acceptor of action results with the properties of reinforcing
events. The information from the parameters of basic needs and the results
achieved comes exactly to these engrams.

The holographic information screens in the brain structures are presented
by plasmatic membranes and liquid crystals — molecules of DNA and RNA
of glial and neural cells. They compose acceptors of action results of various
functional systems. Information models of the reality are continually built with

10

Fig. 3 — The scheme showing analogies to holographic principle of mechanisms of formation and
interaction of dominating motivation and a reinforcement on structures of a brain. A — “refe-
rence" nervous and humoral indicators of the need; B — the “signal" from the reinforcement; a
— metabolic need; b — reinforcement. Afferentation about metabolic need acts in analogy to a

physical “reference" wave. Afferentation about parameters of result acts as a “signal" wave.



the structures and functions of the brain in advance of overt behavior, due to
information signals about needs and their satisfaction.

Prediction of the required results and their assessment in system quanta
of behavior. Prediction of properties of the required results is realized on in-
formation screens at all mentioned levels of system quanta. Prediction reac-
tions in the brain are related to the corresponding activities of the acceptors of
action results of different functional systems. Processes of afferent synthesis
activate the engrams of an acceptor of action results, outstripping the real
events, at brain holographic screens. These brain holographic screens predict
future results and continually control both various needs of the organism, and
their satisfaction. The inherited neuron structures and mechanisms as well as
the acquired mechanisms of learning and memory underlie the prediction of
metabolic, homeostatic and behavioral results.

Programming of the properties of the required results can be carried out
rigidly, for example, in system quanta of instinctive and autonomic activity, or
flexibly in cases of the skills acquired in the individual life. The acceptor of
action results is continually enriched with information from parameters of the
achieved results and ways of their achievement.

System quanta of human and animal behavior are organized through in-
teraction of a dominating motivation with reinforcement, satisfying or, on the
contrary, not satisfying initial needs of the organism. An acceptor of action re-
sults is the main point of interaction of motivation and reinforcement in cen-
tral organization of system quanta. It programs the properties of required re-
sults. The continued estimation of parameters of results achieved by the orga-
nism is performed by acceptor of action results with the reverse afferentation.

NEUROPHYSIOLOGICAL AND NEUROCHEMICAL MECHANISMS
OF LEADING MOTIVATION

The experiments (12, 22) testify to the fact that biological motivations in
animals, caused by various metabolic needs such as hunger, thirst, fear, ag-
gression, sex and so on are formed on the background of ascending activating
influences of hypothalamic centers on other brain structures: limbic ones, tha-
lamus, brain stem reticular formation including brain cortex and its frontal
structures, in particular. Those influences are distinctly seen on animals' elec-
troencephalograms under urethane anesthesia.

In a complicated cortical-subcortical architectonics of biological motiva-
tions a leading, pacemaker role belongs to motivation-genic centers of hypo-
thalamus. Destruction of these structures completely eliminates their activating
influence on other brain structures and corresponding biological motivations
(16, 12).

Social motivations in humans are built by pacemakers localized not in
hypothalamus but in other brain structures including frontal brain cortex (5).

It was found that in the process of forming dominating biological motiva-
tions cortical neurons in their turn influence the pacemaker center of hypotha-
lamus (specific descending activating and inhibitory influences). As a result
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ascending and descending influences under dominating motivations develop into
dynamic cortico-subcortical reverberating interactions that define the energy of
dominating motivations. On that ground a retrieval of memory traces by domi-
nating motivation occurs. In mechanisms of ascending activating influences of
hypothalamic structures on other brain regions different neurotransmitters and
neuropeptides participate in various integrative correlations. Dynamic integra-
tion of chemical mechanisms of various brain structures on different stages of
animals' resultant activity was revealed as well (1, 14, 15).

Oligopeptides stimulating and inhibiting biological motivations were also
discovered.

It was shown that oxytocin microinjection into lateral hypothalamus in
fed rabbits stimulated an additional food intake. b-lipotropin injection into la-
teral ventricles in fed animals caused activation of instrumental food-searching
behavior and additional food intake. The same effect was observed under
ACTH10—14 and MSH4—7 intracerebroventricular injections.

Pentagastrin intra-abdominal injection activated feeding behavior in fed
rabbits while microiontophorentic application to neurons of lateral hypothala-
mus in fed rabbits caused a pattern of pulse-to-pulse activity typical for hunger
state; ACTH5—8 application activated self-stimulation in rabbits. Bradykinin
injection into cerebral lateral ventricles facilitated defense reactions in rabbits
under electrical stimulation of ventromedial hypothalamus.

Additional intra-cerebral lateral ventricular injection of angiotensin II,
arginine-vasopressin, delta-sleep-inducing peptide, substance P, lei- and met-
-enkephalins, b-endorphin suppressed defense and feeding reactions and self-
-stimulation caused by electrical stimulation of ventromedial and lateral hypo-
thalamus.

It was shown that under cerebral lateral ventricular injection of anti-se-
rum to b-endorphin, angiotensin II and delta-sleep-inducing peptide double-
-stage effects were observed: for the first hours — a suppression of biological
motivations and their facilitation on the next day (11, 23).

Motivations are formed by the principle of dominant (25). In every given
moment of time a dominating social or biological motivation, caused by the
need, the most significant for survival or adaptation, governs the brain. The
rest subdominant motivations support or inhibit the dominant one. When the
leading motivation is satisfied, sub-dominant motivations become dominating
hierarchically.

Special experiments showed that dominating motivation significantly chan-
ged convergent and discriminating properties of brain neurons increased their
sensibility to neurotransmitters, neuropeptides and other biologically active
substances. Neuron sensitivity to reinforcing factors satisfying the initial needs
significantly widens. Besides, dominating motivation increases sensitivity of
the corresponding peripheral receptors (4, 7).

Different dominating biological motivations (hunger, thirst and fear) are
distinctly reflected in the character of distribution of dominating inter-spike in-
tervals of single unit activity in various brain structures. Most of the neurons
of various brain structures in rabbits that are in need of food, water or avoi-
dance of danger generate a burst like impulse activity. Typical inter-spike in-
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tervals can be registered in these neurons. After a 24-hours food deprivation,
for example, neurons with burst activity in sensomotor, visual, insular cortex,
n. caudatus, dorsal hippocampus, lateral hypothalamus and reticular formation
of midbrain have a dominating bimodal distribution of inter-spike intervals
within 1—20 and 150 ms. After a 24-hours water deprivation in structures of
dorsal hippocampus, septum, n. caudatus, lateral and supraoptical nuclei of
hypothalamus on the background of neurons activity also two modes of inter-
spike intervals dominate, but within 25 and 150 ms.

Under electrical stimulation of “fear center" of ventromedial hypothala-
mus in immobilized animals neurons of sensomotor and visual cortex show
domination of inter-spike intervals within 45 and 150 ms (26).

Under the influence of dominating motivations the activation of c-fos and
c-jun early gene expression in brain structures was revealed (2).

It is significant that neurons involved into dominating biological motiva-
tion despite their generalized localization in brain structures make up only a
certain number of common neuron populations of brain structures. The part of
neurons involved in dominating biological motivation is significantly higher in
brain stem and gradually decreases in direction to the cerebral cortex. Cortical
neurons in their adaptive behavior fulfill other not less significant functions:
they react on conditioned stimuli, location and migration of reinforcing exter-
nal agents and so on (9). Unlike the structures involved in architecture of ge-
netically determinate biological motivation the most of the brain cortical neu-
rons fulfill plastic adaptive functions of learning and estimation of the factors
of the environment by subjects.

The experiments mentioned above testify to the fact that dominating mo-
tivations change the properties of brain structures and respective peripheral re-
ceptors making them selectively perceive and interact with factors that satisfy
the needs underlying these motivations. As a result under the effect of a domi-
nating motivation a peculiar informational constellation of neurons of different
brain structures is formed able to perceive reinforcing influences.

SYSTEM MECHANISMS OF REINFORCEMENT: INTERACTION
OF MOTIVATION AND REINFORCEMENT OF BRAIN STRUCTURES

From functional system theory position the processes of reinforcement in-
clude: the impact of different parameters of behavioral results on the receptors
of the organism, which experiences a definite need and their comparison by
reverse afferentation with the acceptor of action's result.

Acceptor of action's result of every functional system presents a mosaic
architectonics, widely spread along different cortical and subcortical brain
structures.

In line with the hypothesis, proposed by P. K. Anokhin, a structural basis
of acceptor of action's result in functional systems defining various behavioral
acts in humans and animals consists of interneurons of different brain structu-
res on which copies of effector excitations of cortical pyramidal neurons are
spread along pyramidal tract collaterals (Fig. 4).
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Due to cyclic interactions between interneurons associated into acceptor
of action's result, excitations in these neurons by reverberation are able to re-
main for a long time and to continuously evaluate the reverse afferentation co-
ming to them from different parameters of the results achieved by the subjects.
The confirmation of the spread of pyramidal tract stimuli on interneurons was
found in special experiments where reactions of interneurons of different brain
structures in response to antidromic stimulation of the central end of pyramidal
tract cut in the olive of medulla were investigated.

Under antidromic stimulation of the pyramidal tract responses of neurons
were registered in somato-sensory, visual cortex and dorsal hippocampus. The
same neurons vividly reacted on stimuli of different sensory and biological
modality and on stimulation of motivation-genic centers of hypothalamus. All
that shows that on the brain inter-neurons that constitute the acceptor of ac-
tion's result activated by a dominant motivation, sensory information coming
from various organism's receptors excited by relevant parameters of reinfor-
cing influences, can be “imprinted".
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Fig. 4 — Multilevel architectonics of acceptor of
action's results in brain

1. Under the influence of a dominant motivation (M)
effector stimuli of pyramidal neurons are spread on
axons of a pyramidal tract. At the same time copies of
these stimulations through collaterals of a pyramidal
tract are spread on intercalary neurons of different brain
structures which are cyclically interacted.
2. Stimulations from the parameters of the achieved re-
sults are “imprinted" on intercalary neurons which con-
stitute the acceptor of action's result.
3. Motivation in advance stimulates structures of ac-
ceptor of action's results earlier formed by afferenta-
tion from different parameters of the achieved results.



In the processes of successive change of system quanta a dynamic archi-
tectonics of acceptor of action's result is formed, reflecting on informational
grounds the chain of actions and results leading to the satisfaction of the rele-
vant need.

Every parameter of the reinforcing effect leaves its own specific informa-
tion trace in the corresponding visual, taste, auditory, tactile etc. projection
brain zones, determining in this way a generalized in various brain structures
architectonics of acceptor of action's result. At that if genetic components of
acceptors of action's result of different functional systems are conservative the
architectonics of the acceptors of action's results dynamically changes during
individual's life span according to the changes in the parameters of the reinfor-
cing influences. Every reinforcement, as a part of a many-sided activity leaves
its own information imprint on the acceptor of action's result structures of a
corresponding functional system.

Under stable conditions and the same types of reinforcement the “im-
prints of reality" on the structures of relevant acceptors of actions result from
stereotypes able to maintain for a long time and sometimes the whole indivi-
dual's life. In changing life conditions “imprints of reality" are unstable and
quickly change each other. “Imprints of reality" on the structures of acceptors
of action result in different functional systems direct human or animal behavi-
or to the optimal satisfaction of the vital needs playing the role of a certain
vector of behavior.

As the central units of many functional systems of homeostatic and beha-
vioral level converge on the brain structures, a generalized acceptor of action's
result is formed on which every given moment anticipatory (forthcoming) re-
actions of a dominating functional system are revealed.

Reinforcing stimuli are addressed just to the brain neurons which initially
are involved into dominating motivation and in their discharge activity reflect
a specific for the given motivation character of inter-spike intervals distribu-
tion.

Reinforcement (food and water intake, danger avoidance) significantly
changes brain neuron activity involved into the initial motivation. At that, neu-
ron burst-like activity changes into a regular one with domination of only one
inter-spike interval (13, 17, 26) (Fig. 5).

It has been found that under reinforcement an increased c-fos and c-jun
early genes expression, observed in motivations and accompanying them search-
ing activity, decreases, and expression of late genes determining processes of
cell differentiation, adherence and memory, appears (2).

A series of experiments shows that the animals' behavior conditioned by
early gene expression under electrical stimulation of hypothalamus motivation-
-genic centers is not blocked by protein synthesis inhibitors such as cyclohexi-
mide, puromycin, actinomycin D and others. However, under training when
behavior initiated by motivation ends with the achievement of the needed re-
sults that is the formation of functional systems, the mentioned protein synthe-
sis inhibitors block this behavior.

Pentagastrin on the background of protein synthesis inhibitors restores a
feeding behavior, bradykinin — a defensive one, ACTG4—10 — a self-stimula-
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ting behavior. At these responses of single neurons to stimulation of brain mo-
tivation-genic centers are restored as well (18).

Inhibitors of DNK synthesis — azidothymidine and amidothymidine also
suppress a trained behavior blocking selectively behavioral molecular engrams
and anticipation of useful adaptive results by animals.

So under reinforcement on the structures of acceptors of action's results
of system quanta of behavior molecular engrams are formed.

Imprinting mechanism of acceptor of action's result. As known, K. Lo-
renz was the first to discover imprinting phenomenon in newborn birds (6). He
showed that subjects, that newborns saw first, in particular, the parents, were
imprinted in their memory and defined their reaction to follow these subjects.
But K. Lorenz and his followers in particular N. Tinbergen (24) did not
answer the question: “What are the intimate mechanisms of imprinting and how
long does this imprinting mechanism last in ontogenesis of living beings"?

Imprinting phenomenon has got a new understanding from the theory of
functional systems point of view.

In 1978 we proposed an imprinting hypothesis of constructing acceptor of
action's result.

According to the imprinting hypothesis of forming acceptor of action's
result under the influence of the results of behavior their different parameters
by reverse afferentation are imprinted as molecular engrams on the respective
structures of acceptor of action's result. In that way acceptor of action's result
in every functional system is formed and becomes enriched during the whole
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Fig. 5 — Changes of neuron impulse activity of sensomotor cortex in hungry rabbit
after food intake

The moment of food intake is shown by bold line. 3 peaks of interspike intervals in pattern of a
neuron activity of a hungry rabbit distribution of interspike intervals of a neuron after a rabbit's
feeding. On X—line — the value of interspike intervals (ms). On Y-line — percentage of the in-

tervals from the general number of the examined intervals.



individual's life by previous reinforcements and imprints of properties of para-
meters of the reinforcing effects on the structure of a dominating motivation.

The experiments of V. A. Pravdivtzev (8) confirmed the statement. While
registering the impulse activity of inter-neurons in brain visual cortex the
author elaborated in cat's conditioned-reflex reaction on combination of elec-
trical stimulation of central end of cut pyramidal tract with electro-skin stimu-
lation. These experiments showed that after 8—10 such tests the neurons be-
gan to respond to the conditioned stimulus of electrical stimulation of pyra-
midal tract by reaction typical for electro-skin stimulation.

As shown above the interaction of reverse afferentation from the parame-
ters of the achieved behavioral results with the initial dominating motivation
takes place.

The reinforcement forms significant memory traces — engrams of pro-
perties of parameters of reinforcing results. Every time at the next occurrence
of similar need these engrams are exited in anticipation of future end results
and act as a directing component of the corresponding behavior. The para-
meters of the achieved results are compared with the predicted features of fu-
ture results — by acceptor of action's result and are evaluated by reverse affe-
rentation. The estimation of parameters of intermediate and end results by the
acceptor of action's result allows the correction of the future behavior when
necessary.

The author expresses thanks to Volkova K. A. and Pevtsova E. I. for the
help in preparing the paper.
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SISTEM KVANTUMI KAO DISKRETNE JEDINICE PONAŠAWA

Konstantin Viktoroviå Sudakov

Istraÿivaåki institut normalne fiziologije im. P. K. Anohina
Ruska Akademija medicinskih nauka, Moskva, Ruska Federacija

Rezime

Sistem kvantumi su specifiåni operatori u dinamiåkoj aktivnosti funk-
cionalnih sistema organizma, koje je otkrio P. K. Anohin. Pod pojmom „sistem
kvantum" ÿivotne aktivnosti podrazumevamo diskretne sistemske procese koji
potiåu od rastuãe potrebe i traju do zadovoqewa te potrebe.

Svaki sistem kvantum ponašawa predstavqa samoregulativnu organizaciju
koja u sebi sadrÿi inicijalnu potrebu, motivaciju, arhitektoniku sistema, me-
ðurezultate i finalne rezultate, kao i kontinuiranu evaluaciju postignutih
rezultata dinamiåkom rekostrukcijom akceptora rezultata dejstva. Sistem kvan-
tumi mogu da se organizuju na razliåitim nivoima ÿivotnih aktivnosti. Ovi
nivoi, u zavisnosti od wihove hijerarhije, proteÿu se od gena i funkcional-
nih sistema metaboliåkog i autonomnog nivoa, sve do zoo-socijalnih populaci-
ja ÿivotiwa i qudskih zajednica.

Svaki sistem kvantum takoðe se karakteriše informacijama. Informaci-
je svakog sistem kvantuma u tesnoj su vezi sa inicijalnom potrebom i zadovoqe-
wem te potrebe.
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NITROGEN METABOLISM ENZYMES,
SOLUBLE PROTEIN AND FREE PROLINE CONTENT
IN SOYBEAN GENOTYPES AND THEIR F1 HYBRIDS

ABSTRACT: Nitrate reductase and glutamine synthetase activity, as well as free pro-
line and soluble protein content were measured in eight soybean parent genotypes and six
F1 hybrids. The aim of this study was to determine variability and the mode of inheritance
for these parameters, and point out the genotypes of interest for future breeding programs.
Analysed genotypes and their F1 hybrids expressed significant differences in activities of
nitrate reductase and glutamine synthetase enzymes, as well as in soluble proteins and free
proline contents. Since mode of inheritance for all investigated traits was in most cases do-
minance or heterosis, it can be concluded that these parameters are under control of domi-
nant genes. The obtained results suggest that genotypes with favorable traits, such as variety
Linda, line 1511, and F1 hybrids (Linda x LN92-7369) and (Balkan x BL-8), could be of
interest as a good starting material for further breeding programs.

KEY WORDS: Nitrate reductase, glutamine synthetase, free proline, soluble protein,
inheritance, soybean

INTRODUCTION

The assimilation and metabolism of inorganic nitrogen in plants is a
complex process involving a series of enzymes. Nitrate is reduced to NH4

+ by
the reaction of nitrate reductase (NR) and nitrite reductase (NiR). The conver-
sion of NH4

+ into glutamate proceeds via two pathways. In the GS/GOGAT
pathway, NH4

+ is incorporated into glutamine by glutamine synthetase (GS),
which is then converted with 2-oxoglutarate (2-OG) to glutamate by glutamate
synthase (GOGAT). Glutamate dehydrogenase (GDH) catalyzes the incorpora-
tion of NH4

+ into glutamate by reversible reductive amination of 2-OG (I n o -
k u c h i and O k a d a, 2001; C r u z et al., 2004).
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The cytosolic NR is the first enzyme in the pathway of nitrate assimila-
tion, and its activity is highly regulated. Sufficient NR activity is a prerequisite
for optimal utilization of soil N. NR has a major role in incorporation of N for
plant yields under field conditions and it is widely known to be substrate indu-
cible (B e r g a r e c h e and S i m o n, 1988).

GS is the key enzyme responsible for the assimilation and reassimilation
of ammonia. In higher plants GS is one of the major enzymes responsible for
the assimilation of ammonium absorbed from the growth medium, generated
by nitrate reduction or reassimilated after release of endogenous NH4

+ by am-
monium-evolving processes such as photorespiration (L e a and M i f l i n,
1974; F e n t e m et al., 1983; C l a u s s e n and L e n z, 1999).

Glutamine is preferred as an N source in various biosynthetic reactions,
to amino acids, purine and pyrimidine nucleotides, and other N-containing me-
tabolites (R a o and V e n k a t e s w e r l u, 1986). Although NH4

+ is the im-
mediate substrate of GS its effect on GS is still a matter of debate. Genes of
cytosolic GS 1 were found to be NO3

—, but not NH4
+, inducible in some plant

species, while in some other the GS 1 promoter was NH4
+-inducible. Similar

discrepancies are reported for chloroplastic GS 2. Conflicting results are also
reported on the effect of NH4

+ on GS activity that has been found to be stimu-
latory or inhibitory. Accumulation of GS product glutamine acts as one of the
signals for NR inactivation.

Prolonged water shortages affect practically all metabolic processes and
often result in severe reductions in plant productivity. One of most common
responses in plants undergoing water deficit is production and accumulation of
amino acid proline in its free form. A strong correlation has been established
between increased cellular proline levels and the capacity to survive water and
high salinity stress as well, in barley (S i n g h and P a l e g, 1972), maize
(P i n t e r et al., 1979) and sugar beet (Š t a j n e r et al., 1995).

In higher plants, proline can be synthesized by two possible pathways
using either glutamate or ornithine as precursor (A r m e n g a u d et al., 2004).
Regulation of the glutamate pathway is well documented and has been shown
to be the predominant pathway in response to osmotic stress.

The aim of this study was to determine the mode of inheritance for the
activity of nitrogen assimilating enzymes, NR and GS, and free proline and
soluble protein content in soybean parent genotypes and their F1 hybrids.

MATERIAL AND METHODS

Plot area utilized for this experiment was located on the experimental
fields at the Institute of Field and Vegetable Crops in Novi Sad. The experi-
mental design was a randomized, complete block with four replications.

Biochemical analyses were performed at the Biochemical laboratory of
the Faculty of Agriculture in Novi Sad. Eight soybean genotypes and six of
their F1 hybrids were chosen, and plant leaves were used for the analysis. The
samples were taken in R1 period, at the beginning of plant flowering.
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The activity of NR and GS was determined according to C o o m b s and
H a l l (1982). NR activity was expressed in µM NO2

— g—1 fresh matter h—1,
and GS activity was calculated from the hydroxamate content produced and
expressed in mM g-GH g—1 fresh matter h—1. The activity of the enzymes was
monitored spectrophotometrically at 540 nm.

Soluble proteins were extracted from soybean laves with 0.1 M phosphate
buffer, pH 7, and the protein content was determined according to L o w r y et
al. (1951), using bovine serum albumin as standard, and expressed as mg pro-
teins g—1 fresh matter.

Free proline content was determined according to B a t e s et al. (1973),
and expressed as mg proline g—1 fresh matter.

Each measurement was performed in triplicate.
Statistical evaluation was performed using software Statistica, Version

7.0. The experiments were repeated three times, and differences between ge-
notypes were determined using LSD test for 0.05 significance level. The mode
of inheritance was determined compared to mean parents value, for 0.05 signi-
ficance level (Š t a j n e r et al., 1993, K o b i l j s k i and D e n å i ã, 1999).

RESULTS AND DISCUSSION

The analysed genotypes and their F1 hybrids differed significantly in
enzyme activities, as well as in soluble proteins and free proline content (Tab. 1).

The highest activity of NR was recorded in line 1511, while the lowest
was in Lori. Mode of inheritance for this trait was dominance, either positive
or negative, in all analysed crosses (Tab. 1).

NR gene expression and activity can be influenced by many factors, such
as light and temperature (J i a n g and H u l l, 1998). In this work, these envi-
ronmental factors should have no significant effects on comparison of NR acti-
vity because they were essentially the same for all experimental groups. The
level and the distribution of activity of NR between the different plant organs,
however, vary among species apparently due to their natural habitat and are al-
so dependent upon the development stage of the plant (G h o s h et al., 2004).

The highest NR activities were expressed in lines 1511 and 1581/99, both
grown in genotype collection for their high seed protein levels. Obtained re-
sults support the positive correlation previously established between NR acti-
vity and protein level in soybean seed (M i l a d i n o v i ã et al., 1996). As the
values for the NR activity could serve as an indicator of the nitrogen state in
plants and a biochemical criterion in the selection of protein rich cultivars, we
can assume that F1 hybrid (1499/99 x 1511), with its high NR activity, will
also have high protein content, and recommend it for future studies.
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Tab. 1 — Average values and mode of inheritance for NR and GS activity and soluble protein
and free proline content in soybean parent genotypes and F1 hybrids

PARENTS AND
F1 HYBRIDS

NITRATE
REDUCTASE

(mmol NO2
– g–1

h–1)

GLUTHAMINE
SYNTHETASE
(mM g-GH g–1

h–1)

SOLUBLE
PROTEINS

(mg protein g–1

fresh matter)

PROLINE
CONTENT

(mg proline g–1

fresh matter)

LN92-7369 0.182 59.53 14.19 0.522
1581/99 0.939 62.51 15.92 0.286
1511 1.352 40.68 16.33 0.306
1499/99 0.491 49.61 15.92 0.375
Lori 0.074 58.05 16.66 0.468
Linda 0.159 90.05 18.21 0.442
Balkan 0.848 44.15 15.06 0.266
BL-8 0.753 59.04 16.12 0.404
LN92-7369x 1581/99 0.272d– 57.30d+ 16.06d+ 0.313d–

1499/99 x 1581/99 0.654d– 70.45h+ 17.16h+ 0.322i

1499/99 x 1511 1.013d+ 49.61d+ 14.11h– 0.316d–

Lori x LN92-7369 0.184d+ 57.80 17.85h+ 0.276h–

Linda x LN92-7369 0.165d+ 154.73h+ 17.88d+ 0.531d+

Balkan x BL-8 0.846d+ 156.03h+ 18.84h+ 0.571h+

i = intermediate inheritance
d = dominant inheritance
h = heterosis occurred

The variety Linda had the highest, and the line 1511 the lowest GS acti-
vity. In F1 hybrids, the cross (Linda x LN92-7369) had the highest, and
(1499/99 x 1511) the lowest GS activity. The mode of inheritance for this trait
was positive dominance or heterosis (Tab. 1).

The content of soluble proteins in leaves of soybean genotypes investi-
gated also varied significantly. Variety Linda had the highest, and the line
LN92-7369 the lowest protein content among parents, while in F1 generation
the highest level of soluble proteins showed F1 hybrid (Balkan x BL-8), and
the lowest (1499/99 x 1511). The mode of inheritance was dominance, or, in
the most cases, heterosis (Tab.1).

The free proline content was the highest in parent genotypes LN92-7369,
Lori, and Linda, and the lowest was in Balkan and 1581/99 genotypes. In F1
generation, however, the highest proline content had (Linda x LN92-7369) and
(Balkan x BL-8) hybrids, which expressed dominant and heterotic mode of in-
heritance, potentially and could be used in further breeding programs as poten-
tialy drought resistant lines.

CONCLUSION

Our study showed that analysed genotypes and their F1 hybrids expressed
significant differences in NR and GS enzyme activities, as well as in soluble
proteins and free proline content. Since mode of inheritance for all investiga-
ted traits was in the most cases dominance or heterosis, it can be concluded
that these parameters are under control of dominant genes. The obtained re-
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sults suggest that genotypes with favorable traits, such as variety Linda, line
1511, and F1 hybrids (Linda x LN92-7369) and (Balkan x BL-8), could be
used in breeding drought more tolerant genotypes with higher nitrogen-fixing
capacity and high protein content.
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AKTIVNOST ENZIMA METABOLIZMA AZOTA,
SADRŸAJ RASTVORQIVIH PROTEINA I PROLINA

U GENOTIPOVIMA SOJE I WIHOVIM F1 HIBRIDIMA

Sawa T. Kereši1, 2, Ðorðe R. Malenåiã1, Milan T. Popoviã1, Marija M.
Kraqeviã-Balaliã1, Jegor A. Miladinoviã1, Aleksandar D. Iliã2

1 Poqoprivredni fakultet, Univerzitet u Novom Sadu,
Trg D. Obradoviãa 8, 21000 Novi Sad, Srbija

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

Rezime

U radu je odreðena aktivnost enzima metabolizma azota nitrat reduktaze i
glutamin sintetaze, kao i sadrÿaj rastvorqivih proteina i slobodnog prolina
u osam roditeqskih genotipova i šest F1 hibrida. Ciq istraÿivawa je bio da
se utvrde varijabilnost navedenih genotipova za odabrane parametre i naåin
wihovog nasleðivawa. Ustanovqeno je postojawe statistiåki znaåajnih razlika
izmeðu genotipova, kako u pogledu enzimske aktivnosti, tako i u koliåini ras-
tvorqivih proteina i slobodnog prolina. Buduãi da su se ova svojstva nasleði-
vala preteÿno dominantno, uz pojavu heterozisa, moÿe se pretpostaviti da su
pod kontrolom gena sa dominantnim dejstvom. Kao genotipovi sa povoqnim
osobinama izdvojili su se roditeqska sorta Linda i linija 1511, i hibridi
(Linda x LN7369) i (Balkan x BL-8), koji bi mogli posluÿiti u uzgoju genotipo-
va soje poveãane tolerantnosti na sušu sa poveãanim kapacitetom za usvajawe
azota i sadrÿaj proteina.
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GENETIC SPECIFICITY OF MAGNESIUM NUTRITION
IN SUNFLOWER*

ABSTRACT: Magnesium content was analysed in five of the most grown sunflower
hybrids in Serbia, as well as in different populations of wild sunflower species: Helianthus
agrophyllus (5), Helianthus annuus (4), Helianthus neglectus (3), Helianthus petiolaris (5),
Helianthus tuberosus (5). Magnesium content in the populations of wild sunflower species
ranged from 317 to 824 mg/100 g DW. The highest magnesium content was found in Heli-
anthus petiolaris and the lowest in Helianthus tuberosus.

Different populations within each species differed significantly in magnesium content.
The highest variation coefficient was found in Helianthus tuberosus and the lowest in Heli-
anthus petiolaris.

Magnesium concentration in hybrids was significantly different as well, and in two
years it was in average between 575 and 813 mg/g DW.

The results suggest that genetic variability between magnesium concentrations in wild
species and hybrids of sunflower is very high. This should be taken into consideration when
requirements for mineral nutrition are analysed, as well as when wild species are included
in breeding programs.

KEY WORDS: sunflower, hybrids, wild sunflower species, magnesium content

INTRODUCTION

Sunflower mineral nutrition plays an important part in the effective utili-
zation of sunflower yield potential and oil quality. Numerous research results
indicate that various plant species and their genotypes are specific with respect
to nutritional requirements (E p s t e i n, 1972; K l i m a š e v s k i, 1974; S a r i ã,
1981). Their specificity refers to the temporal dynamics of nutrient uptake,
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plant sensitivity to nutrient shortage or excess, nutrient distribution in plants,
etc. (K a s t o r i, 1983). The knowledge of specific crop requirements for nu-
trients is important both theoretically and practically. It allows farmers to opti-
mize plant mineral nutrition, which in turn makes room for maximum utiliza-
tion of genetic yield potential of various crops and their genotypes.

Magnesium concentration in plants is under the influence of many biotic
and abiotic factors such as: phase in ontogeny (R o b i n s o n, 1970, 1975),
leaf part (K r s t i ã et al., 1988), plant species (K i s s et al., 2005), the num-
ber of plants per surface area, fertilization and crop rotation (K o v a å e v i ã,
1985; K a s t o r i et al., 2004), growing sites (K i s s et al., 2001). According
to the results presented in the above mentioned papers, it can be concluded
that different plant species and genotypes differ in magnesium accumulation
depending on ecological conditions and applied technology of production,
which is important when their specific needs for magnesium nutrition are con-
sidered.

In the breeding of sunflower and the other crops, “distant hybridization"
or crossing with wild relatives allowed the development of new genotypes re-
sistant to unfavorable biotic (diseases, insect pests) and abiotic (e.g. shortage
or excess of nutrients, drought, high concentration of salts) factors. To facili-
tate the use of wild relatives, it is advisable to know their biological properties
including specific aspects of their mineral nutrition. Sunflower (Helianthus sp.)
has numerous wild relatives which differ significantly by their morphological
and other traits (R o g e r s et al., 1982).

Because sunflower is behind the other crops with respect to the available
knowledge of genetic requirements for magnesium in its cultivated and wild
varieties, we decided to study these problems.

MATERIALS AND METHODS

The plants were grown on weakly calcareous Chernozem of good phy-
sical and chemical properties (Tab. 1). At flowering, completely developed
upper leaves, which are physiologically the most active, were taken for the
analyses (Ã u p i n a i S a k a å, 1989). Magnesium content was analysed in
five of the most grown sunflower hybrids in Serbia, as well as in different
populations of wild sunflower species from Northern America: Helianthus ne-
glectus (3), Helianthus petiolaris (5), Helianthus agrophylus (5) Helianthus tu-
berosus (5) and Helianthus annuus (5). Magnesium concentration was determi-
ned by ICP. The data were statistically processed by analysis of variance, cal-
culation of the least significant difference (LSD) and coefficient of variation
using Statistica 7 Computer program.

Tab. 1 — Basic soil properties

Depth
(cm)

pH CaCO3
%

Humus
%

Total N
(%)

AL-P2O5 AL-K2O

In KCl In H2O mg/100 g

0—30 7.19 8.22 2.76 1.96 0.154 15.0 24.1
30—60 7.37 8.26 4.56 1.95 0.142 6.6 20.0
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RESULTS

Magnesium concentration in different wild sunflower species and diffe-
rent populations of each species are shown in the Figs. 1—5. The results sug-
gest that analyzed wild sunflower populations differ significantly not only in
their morphological features (R o g e r s et al., 1982), but also in their chemi-
cal composition, namely magnesium concentration. These results are in accor-
dance with those of K r s t i ã and S a r i ã (1987) who also found significant
differences in chemical composition between different wild sunflower species
with respect to nitrogen, phosphorus and potassium content. The highest mag-
nesium concentration was found in Helianthus petiolaris, and the lowest in
Helianthus tuberosus (Tab. 2). Different populations within each species diffe-
red significantly in magnesium content (Figs. 1—5). Magnesium concentration
in analysed populations of Helianthus neglectus ranged between 624 and 809,
in Helianthus petiolaris between 684 and 824, in Helianthus agrophyllus from
361 to 452, in Helianthus annuus between 542 and 694 and in Helianthus tu-
berosus between 317 and 374 mg Mg/100 g DW. The highest variation coeffi-
cient between populations within the same species was found in Helianthus tu-
berosus (4.7 mg Mg/100 g DW), the species that had the lowest magnesium
concentration, while and the lowest variation coefficient was in Helianthus pe-
tiolaris (2.4 mg Mg/100 g DW), species that had the highest magnesium con-
tent. Magnesium content was analysed in five of the most grown sunflower
hybrids in Serbia. In the two year study period magnesium concentration in
hybrids varied from 575 in NS-H-111 to 813 mg Mg/100 g DW in NS-H-Kra-
jišnik (Tab. 3).

Between the two years of study, average magnesium concentration in
hybrids was not significantly different. In hybrids, average magnesium concen-
tration was much higher than in wild species (695 compared to 561 mg/100 g
DW), suggesting that during the breeding process magnesium utilization by
plants was improved and its accumulation increased. Differences in magne-
sium concentration in sunflower hybrids were discovered earlier (G a c h o n,
1972).

The results suggest that genetic variability between Mg concentrations in
wild species and hybrids of sunflower is very high. This should be taken into
consideration when requirements for mineral nutrition are analysed, as well as
when wild species are included in breeding programs.

Tab. 2 — Average magnesium concentration in wild sunflower species (mg Mg/100 g DW)

Species Mg concentration Coef. of variation

Helianthus agrophyllus 408C 4.50
Helianthus annuus 591B 3.24
Helianthus petiolaris 741A 2.42
Helianthus neglectus 727A 4.06
Helianthus tuberosus 339D 4.72

Average 561.2 3.79

LSDa = 0.05 57.1
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Tab. 3 — Magnesium concentration in sunflower hybrids in two years of study (mg Mg/100 g
DW)

Hybrids
Year

Average
2005 2006

NS-H-111 599D 552D 575
NS-H-45 729C 696C 713
NS-H-Baåvanin 743BC 704C 723
NS-H-Velja 714C 591D 653
NS-H-Krajišnik 806AB 820A 813

Average 718 672 695

LSDa = 0.05 67.5
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Fig. 1 — Magnesium concentration in different populations of Helianthus neglectus
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Fig. 2 — Magnesium concentration in different populations of Helianthus petiolaris

Fig. 3 — Magnesium concentration in different populations of Helianthus agrophyllus
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Fig. 4 — Magnesium concentration in different populations of Helianthus annuus

Fig. 5 — Magnesium concentration in different populations of Helianthus tuberosus
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Rezime

U ciqu prouåavawa genetske specifiånosti ishrane suncokreta magneziju-
mom ispitan je sadrÿaj magnezijuma u pet najrasprostrawenijih hibrida sunco-
kreta u Srbiji i u razliåitim populacijama divqih vrsta suncokreta poreklom
iz Severne Amerike: Heliahnthus neglectus (3), Helianthus petiolaris (5), Helianthus
agrophylus (5) Helinathus tuberosum (5) i Helinathus annuus (5).

Sadrÿaj magnezijuma u ispitivanim divqim vrstama suncokreta kretao se
u širokim granicama od 317 do 824 mg/100 g suve materije. Najveãi je bio sadr-
ÿaj magnezijuma kod ispitivanih populacija Helianthus petiolaris, u proseku 741,
a najmawi kod Helinathus tuberosum, 330 mg/1000 g suve materije. U okviru div-
qih vrsta ispitivane populacije su se takoðe statistiåki znaåajno razlikovale
u sadrÿaju magnezijuma. Najveãi koeficijent varijacije utvrðen je kod Helianthus
tuberosus a najmawi kod Helianthus petiolaris. Sadrÿaj magnezijuma se i u ispiti-
vanim hibridima suncokreta znaåajno razlikovao i za dve godine ispitivawa
se u proseku kretao od 575 do 813 mg/100 g suve materije.

Na osnovu dobijenih rezultata moÿe se zakquåiti da je genetska varijabil-
nost sadrÿaja magnezijuma u divqim vrstama i wihovim populacijama kao i u
gajenim hibridima suncokreta veoma izraÿena, što treba imati u vidu pri wi-
hovom obezbeðewu ovim elementom, kao i pri korišãewu divqih vrsta u ople-
mewivaåkom procesu.
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EFFICIENCY OF ANTHER CULTURE TECHNIQUE
IN THE PRODUCTION OF WHEAT DOUBLE HAPLOIDS

ABSTRACT: The objective of the study was to investigate efficiency of anther cul-
ture in the production of spontaneous double haploids from randomly selected heterozygous
genotypes of wheat (Triticum aestivum L.). Anthers of 20 F1 wheat combinations were
grown in vitro on a modified Potato-2 medium.

All of the examined genotypes have shown the ability to produce pollen calluses as
well as to regenerate green plants. On average for the whole experiment material, 47.2 cal-
luses were produced per 100 cultured anthers. The green plant regeneration ranged from 0.8
to 13.4 green plants per spike, with an overall mean of 5.8. From the total of 582 regene-
rated green plants, 47.9% (279) were spontaneous double haploids. The final average yield
from the study was 2.8 double haploids per spike.

KEY WORDS: androgenesis, double haploid, in vitro, Triticum aestivum L.

INTRODUCTION

Double haploid techniques provide plant breeders with pure lines in a sin-
gle generation, which may save considerable time in the breeding of new culti-
vars. There are two major techniques for haploid production in cereals —
anther/microspore culture and chromosome elimination using wide hybridiza-
tions. The former technique is usually considered as simpler, more efficient,
and more cost-effective than the latter (L j e v n a i ã, 2007).

The most important advantage of the anther culture method is occurrence
of spontaneous chromosome doubling which results in production of homozy-
gous DHs. Those spontaneous DHs are fertile and cytologically stable, except
for a small percentage of them, which exhibit chromosomal abnormalities
(A h m e d et al., 1999). However, the frequency of spontaneous DH plants
depends of several factors and it is usually low (A r m s t r o n g et al., 1987;
A h m e d et al., 1999).
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Wheat in particular is known as a recalcitrant species with regard to in
vitro androgenesis techniques such as anther and microspore culture. Use of
anther culture in wheat breeding programs is limited by strong genotype speci-
ficity, low frequency of haploids, and a high rate of albinism in regenerants
(K i s a n a et al., 1993; S a d a s i v a i a h et al., 1999). Despite these pro-
blems, the anther culture technique has been successfully applied in some
wheat breeding programs, resulting in new cultivars (P a u k et al., 1995;
K e r t e s z et al., 2001; S a d a s i v a i a h et al., 2004).

It is known that anther culture response is highly genotype-specific (O r -
l o v et al., 1993; M o i e n i and S a r a f i, 1995; K o n d i ã and Š e s e k,
1999) and typically, it would produce many individuals from only a few se-
lected crosses. One suggestion has been to use the anther culture technique
only for breeding combinations in which at least one parent line is highly re-
sponsive (Z h o u and K o n z a k, 1992; T u v e s s o n et al., 2000). The goal
of this study was to investigate if it is possible to produce a large number of
DHs from randomly selected wheat breeding combinations using the anther
culture method.

MATERIAL AND METHODS

In this study, 20 randomly selected F1 wheat combinations were used for
anthers isolation. The breeding material was produced at the experimental
fields of the Small Grains Department of the Institute of Field and Vegetable
Crops in Novi Sad.

Donor plants were grown under field conditions. Five spikes were taken
from each combination at the mid- or late uninuclear stage of microsporogene-
sis. After a temperature pre-treatment, sterilization of the material was carried
out as described in Š e s e k and D e n å i ã (1996) and anthers were isolated
under aseptic conditions.

The Potato-2 inductive nutrient medium (C h u a n g et al., 1978) was
used for callus induction. During their culturing on the inductive medium,
anthers were kept in the dark and at 28—30°C. Plant regeneration from
formed embryogenic calluses was performed on the modified 190-2 medium
(Z h u a n g and J i a , 1980). This medium contained 190-2 mineral salt so-
lution as well as some other components, namely (in gl—1) agar (5), sucrose
(30), and (in mgl—1) glycine (2), thiamine-HCl (1), pyridoxine-HCl (0.5), nico-
tinic acid (0.5), myo-inositol (100), NAA (0.5) and kinetin (0.5). When green
shoots reached 5—10 mm after approximately three weeks, calluses with green
shoots were transferred to the rooting medium. A semi-solid agar medium was
used for the development of the root system. It also contained the 190-2 mi-
neral solution. The only difference between this medium and the one used for
plant regeneration was that in this one the concentration of NAA and kinetin
was reduced from 0.5 to 0.1 mgl—1. During the plant regeneration and root de-
velopment period, the temperature in the growing chamber was maintained at
25—27°C. The intensity of white fluorescent illumination was 2500—3000 lx,
with a photoperiod of 14 hours of light.
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Plants that had a well-developed root system were transplanted into con-
tainers with the sterilized substrate. Prior to transplanting, five to six root tips
were taken from each plant and checked for chromosome number by the stan-
dard acetocarmine squash method. After acclimatization and vernalization pe-
riods, further plant growth and development until full maturity took place
under field conditions. The plants of the H1 generation were harvested in early
July.

During the study, the following traits were analyzed:
— callus yield (CY — no. of calluses per 100 anthers)
— green plants yield (GP — no. of green plants per spike)
— DH plants yield (DH — no. of DH plants per spike)

RESULTS AND DISCUSSION

All genotypes had the ability to form callus tissue by growing anthers in
the in vitro culture. The highest callus yield (found in the combination NS
111-95/Ana) exceeds 100% (119%), since each androgenic anther produced
more than one callus. The lowest callus yield (21%) was found in NS 111-95/
Tiha (Tab. 1).

Tab. 1 — Callus yield and numbers of green and DH plants per spike of 20 randomly selected F1
wheat combinations

Genotype CY
(%)

GP
(No.)

GP/
spike

DH
(No.)

DH/
spike

Ana/NS 0-691 35.9 27 5.4 19 3.8
Balkan/Košuta 34.3 15 3.0 8 1.6
CHI 6/Tiha 27.7 7 1.4 1 0.2
CHI 6/Sremica 30.0 6 1.2 2 0.4
Kutjeåanka/Slavija 26.7 17 3.4 11 2.2
Mex.3/Tiha 69.7 39 7.8 16 3.2
Mex.3/NS 55-25 67.0 43 8.6 21 4.2
Mex.3/MV 18 85.1 67 13.4 43 8.6
NS 33-90/Fawwon-138 29.0 26 5.2 14 2.8
NS 38-93/Rusija 35.0 48 9.6 15 3.0
NS 38-93/Košuta 82.7 39 7.8 12 2.4
NS 92-205/Tiha 32.0 25 5.0 9 1.8
NS 95-95/Tiha 22.3 15 3.0 6 1.2
NS 95-95/NSP 11 92.7 7 1.4 2 0.4
NS 111-95/Tiha 21.0 36 7.2 14 2.8
NS 111-95/Renesansa 25.0 19 3.8 8 1.6
NS 111-95/Ana 119.0 56 11.2 26 5.2
NS 111-95/Sremica 54.0 64 12.8 39 7.8
NSP 41/NS 0—649 21.3 22 4.4 13 2.6
30-Sc.Smoc.88—89/Hays2 33.7 4 0.8 — —
F1 (mean) 47.2 29.1 5.8 13.9 2.8

LSD 0.05 3.31 0.89 0.66
0.01 4.43 1.19 0.89
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The average callus yield in the experiment on the whole was 47.2%,
which is close to the results obtained by B a r n a b a s et al. (1991) and
M a r c i n i a k et al. (2003) — 41% and 45%, respectively. E k i z and
K o n z a k (1994) as well as B r u i n s and S n i j d e r s (1995) reported sig-
nificantly higher average values (70.9 and 77.8%, respectively), but they did
not use randomly selected genotypes in their studies.

Regeneration ability was found to exist in all of the genotypes. A total of
582 green plants originating from 6000 isolated F1 microspores were produced
during the study. The number of green plants produced per spike varied from
0.8 (30-Sc.Smoc.88—89/Hays2) to 13.4 (Mex.3/MV 18). The average response
per spike was 5.8 green plants (Tab. 1).

Studies with a large number of tested wheat genotypes have shown that
such a large number of green plants is obtainable in general, which makes the
anther culture technique applicable in wheat breeding. T u v e s s o n et al.
(2000) in their screening study with 91 F1 wheat combinations obtained very
promising results: 4.7 green plants per spike.

From the total of 582 regenerated green plants, 279 (47.9%) were sponta-
neous DHs. The final average yield for this study was 2.8 DH plants per spike.
The range was from 0 (30-Sc.Smoc.88—89/Hays2) to 8.6 (Mex.3/MV 18) DH
plants per spike (Tab. 1).

Similar results were obtained by Š e s e k (1989) — 1.8 DH plants per
spike, S n a p e et al. (1986) — 2.2 DH plants per spike and T u v e s s o n et
al. (2000) — 2.1 DH plants per spike.

The results showed that significant genotypic differences have been found
for callus yield, regeneration of green plants and DH production. It is in agree-
ment with results of other authors (T u v e s s o n et al., 2000; T e r s i et al.,
2006; L j e v n a i ã, 2007). Among the large number of cultivated genotypes,
the number of cultivars exhibiting a good level of androgenic response is
usually small (Z a m a n i et al., 2003). According to the results of T u v e s -
s o n et al. (2000), the ability to respond in anther culture is present in more
modern cultivars compared with older material. The year of testing and the
land of origin seem not to be important factors in determining the degree of
response. Therefore, the results are of general value to wheat breeders. They
also suggest that expensive tissue culture programmes should be concentrated
on responsive breeding combinations, while unresponsive material should be
improved via crossing.

CONCLUSION

Since the average production in this study was 5.8 green plants per spike
and 2.8 spontaneous DH plants per spike, the efficiency of anther culture in
DH production could be improved by inducing chromosome doubling using
colchicine treatment. It will improve this technique enough for its effective use
as an additional method in wheat breeding programs.
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EFIKASNOST TEHNIKE KULTURE ANTERA U PROIZVODWI
DVOSTRUKIH HAPLOIDA PŠENICE

Ankica Ð. Kondiã-Špika, Borislav Ð. Kobiqski, Nikola S. Hristov

Institut za ratarstvo i povrtarstvo, M. Gorkog 30,
21000 Novi Sad, Srbija

Rezime

Ciq rada bio je da se ispita efikasnost kulture antera u proizvodwi
spontanih dvostrukih haploida iz sluåajno odabranih heterozigotnih genotipo-
va pšenice (Triticum aestivum L.). Antere iz 20 F1 kombinacija pšenice gajene
su in vitro na modifikovanoj Potato-2 podlozi.

Svi ispitivani genotipovi pokazali su sposobnost da proizvedu kaluse,
kao i da regenerišu zelene biqke. U proseku za ceo eksperimentalni materijal,
proizvedena su 47.2 kalusa na 100 izolovanih antera. Regeneracija zelenih bi-
qaka kretala se od 0.8 do 13.4 zelene biqke po klasu, sa ukupnim prosekom od
5.8. Od ukupno 582 regenerisane zelene biqke, 47.9% (279) bile su spontani
dvostruki haploidi. U proseku, u ovom istraÿivawu, proizvedeno je 2.8 DH bi-
qaka po klasu.
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EVALUATION OF OPTIMAL TIME AND PARAMETERS
FOR MEASURING POTENTIALY MINERALIZED

NITROGEN IN SOIL

ABSTRACT: Our research was done on brown forest soil with long-term experi-
ments and with a system of fertilizing which is in use for 40 years. Experiment variants
with an increasing dose of nitrogen fertilizer were chosen for this research. Two experi-
ments have been performed: experiment in pots supplied with ammonium nitrate labeled
with a stable isotope 15N (11.8%) and experiment in the field. The aim of the research was
to establish which plant and soil parameters group (obtained in the controlled conditions
and/or in the field) could be considered as reliable for evaluation of aerobic and anaerobic
incubation and of the best time for estimation of potentially mineralized nitrogen in soil.
According to the determined correlative dependence, it could be concluded that reliability of
aerobic incubation should be estimated in October by plant and soil parameters from field,
anaerobic incubation should be estimated in early spring (March) by plant and soil parame-
ters, from controlled conditions (pots) and from field.

KEY WORDS: parameters, available nitrogen, aerobic, anaerobic, incubation

INTRODUCTION

All methods used today to determine the availability of soil nitrogen
could be classified in three groups, namely: methods for determination of po-
tentially mineralized nitrogen in soil, methods for determination of residual ni-
trogen, and the method of “A"-values (G o h and H a y n e s, 1986; D h a n k e
and J o h n s o n, 1990; B u n d y and M e i s i n g e r, 1994; B r o w n, 1996,
K r e s o v i ã, 1999, B o g d a n o v i ã et. al., 2005).

Two groups of methods are used to estimate potential mineralized nitro-
gen in soil, namely: biological and chemical (biological and chemical indexes
of nitrogen availability (G o h and H a y n e s, 1986; B r o w n, 1996).

Reliability of biological methods was established most often by using the
plant parameters from controlled conditions when the parameters used were
gained yield and adopted nitrogen (K e e n e y and B r e m n e r, 1996; O z u s
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and H a n w a y, 1966; G a s s e r and K a l e m b a s a, 1976; S t e v a n o v i c,
1978). Reliability of before mentioned methods was rarely determined by
using the field parameters (R o b i n s o n, 1968; P o w e r, 1980; H u s s i a n
et al., 1994).

The purpose of these researches was to establish which of the used para-
meters of plants and soils (controlled conditions and/or field) could be consi-
dered reliable for estimation of aerobic and anaerobic incubation values. We
also wanted to determine the most favorable time for estimation of potentially
mineralized nitrogen (October, March, July).

MATERIAL AND METHODS

Researches were performed on a stationary experiment, on brown forest
soil type.

The samples of soils were taken in October, March and July (0—30 cm
depth) with experiment variance where the increasing doze of nitrogen ferti-
lizer was applied.

a) Methods for determination of soil chemical properties

General chemical properties of investigated brown forest soil were deter-
mined in the soil samples taken in March, by using the following methods:

— Reaction of soil (pH-H2O and 1 MKCl)
— Organic carbon and humus (T j u r i n, modification S i m a k o v a,

1957)
— Total nitrogen (Semimikro Kjeldahl, B r e m n e r, 1996)
— Available phosphorus and potassium (Al-method, E g n e r - R i e h e m,

1960).

b) Experiment in pots

Plastic pots containing 2 kg of soil were used to make the experiment in
controlled conditions (greenhouse). The soil was taken three times in spring
(in March) from the depth of 0—30 cm, from selected experiment variances in
the field.

Before sowing, this soil was mixed with the following fertilizers: NH4
NO3, KH2PO4 and KCl. Used ammonium nitrate was marked with a stable iso-
tope 15 N (11.8%).

Vegetation experiment was made with two variants, PK and NPK. For
PK variance, 50 mg of P2O5 and K2O per kg of soil was used. For NPK va-
riance, 50 mg of N, P2O5 and K2O per kg was used. The experiment was
applied with oats plants, with 10 plants in each pot, grown to the stage of
jointing.

c) Experiment in field

The variances chosen for the experiment in field were those with increa-
sing nitrogen fertilizer dose, as follows: control (Ø), N1 P2 K2 (N1 — 60, P2 —
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120, K2 — 120 kg/ha); N2 P2 K2 (N2 — 90 kg/ha); N3 P2 K2 (N3 — 120
kg/ha); N4P2 K2 (N4 — 150 kg/ha). Each of mentioned experiment variances in
the field was applied three times.

Wheat was raised in stationary experiment in these researches.

d) Methods for estimation of potentially mineralized nitrogen
— aerobic and anaerobic incubation

Methods were applied to the soil samples taken from before mentioned
experiment field variances in October, March and July.

Aerobic incubation was performed in accordance with proposed proce-
dure (B r e m n e r, 1965), while the anaerobic incubation was made with the
procedure of W a r i n g and B r e m n e r, 1964, modification by K e e n y
(1982).

e) Method of isotopic labeled nitrogen (15N)

During the application of 15N isotope, the determination of percentage
content of nitrogen isotope was made (15N/14N) by using the analyses of mass
spectrometer. Isotope analysis was determined in accordance to Bremner pro-
cedure (1965).

f) Analysis of plant material

Nitrogen content in plants (oats and wheat) was determined by distillation
method (M u n s i n g e r and M c K i n n e y, 1982).

g) Method of statistical analysis

A simple linear correlation analysis was applied for parameters of plants
and soils in controlled conditions and in field, i.e. the methods for estimation
of potentially mineralized soil nitrogen in all three times of taking samples.

This statistical analysis enabled us to determinate the value of correlation
coefficient (Pirson) referring to the similarity degree, i.e. dependences of this
compared value.

Based on the values of correlation coefficients, the percentage of correla-
tive dependences for r = 0.50—0.99 was calculated, with significance at the
probability level of 0.05—0.01 and for r = 0.70, with significance at the pro-
bability level of 0.01.

This calculation was made in order to use these data for the purpose of
defining which group of applied parameters of plants and soils (pots and/or
field) could be considered as the most appropriate for estimation on reliability
of applied methods, as well as to establish the most reliable time to make those
estimations (October, March or July).
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RESULTS AND DISCUSSION

Chemical properties of investigated brown forest soil are shown in Table 1.

Tab. 1 — Chemical properties of investigated soil

Field
variants

pH
Humus

(%)

Total
nitrogen

(%)
C/N

Available

H2O nKCl P2O5
(mg/100 g)

K2O
(mg/100 g)

Control 5.40 4.60 1.43 0.098 8.5 6.4 16.2
N1P2K2 5.10 4.30 1.67 0.111 8.7 18.0 21.8
N2P2K2 5.00 4.20 1.81 0.113 9.3 14.4 21.8
N3P2K2 4.90 4.15 1.85 0.113 9.5 16.0 25.0
N4P2K2 5.00 4.05 1.88 0.116 9.4 12.5 21.8

To establish which parameters of plants and soil might be considered reli-
able to evaluate the applied methods being one of the goals of these calcula-
tions, we have established the plant and soil parameters in the pots (controlled
conditions) and in the field. Their values are shown in Tables 2, 3, 4, 5 and 6.
Results are presented as mean values of three repetitions.

Tab. 2 — Parameters of plants in pot (g/pot)

Field
variants

Yield Total uptake
of nitrogen

NPK

Uptake of
soil nitrogen

NPK

Uptake of
fertilizer

nitrogen NPK

Total uptake
of nitrogen

PKNPK PK

Control 10.26 2.25 90.0 58.1 31.9 18.5
N1P2K2 10.84 3.58 105.8 72.4 33.4 22.9
N2P2K2 10.86 4.18 118.0 83.8 34.2 30.2
N3P2K2 11.22 4.69 110.1 78.0 32.1 30.1
N4P2K2 11.10 6.36 115.1 84.4 30.7 48.5

Tab. 3 — Parameters of plants in field (t/ha)

Field variants
Yield

% N grain % N straw
grain straw Total

Control 0.95 1.21 2.16 1.239 0.209
N1P2K2 3.90 6.08 9.99 1.463 0.261
N2P2K2 4.38 6.30 10.68 2.015 0.272
N3P2K2 4.97 6.21 11.17 2.172 0.424
N4P2K2 5.13 6.77 11.90 2.359 0.426

Tab. 4 — Parameters of soil in field (kg/ha)

Field variants Uptake of nitrogen
(grain)

Uptake of nitrogen
(straw)

Total uptake of
nitrogen

Control 11.82 2.53 14.35
N1P2K2 57.07 15.88 72.95
N2P2K2 88.22 17.15 105.37
N3P2K2 107.88 26.33 134.21
N4P2K2 121.04 28.85 149.80
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Taking into consideration the fact of most commonly used parameters
and recommendations by S a p o s n i k o v (1973), evaluated parameters for ap-
plied methods were divided in two groups: parameters from plants and parame-
ters from field that are further grouped in plant and soil parameters (Table 6).

Quantities of mineralized nitrogen by aerobic and anaerobic procedure are
shown in Table 5 as mean values of three repetitions.

Tab. 5 — Quantities of mineralized nitrogen in aerobic procedure (ppm)

Field
variants

Aerobic incubation Anaerobic incubation

October March July October March July

Control 15.7 24.7 50.6 16.2 14.8 18.6
N1P2K2 21.5 24.2 48.1 17.7 18.0 19.0
N2P2K2 21.8 32.2 62.8 14.6 17.7 19.4
N3P2K2 28.3 30.6 103.4 21.6 19.7 20.4
N4P2K2 26.0 27.8 54.3 17.0 20.1 18.7

Data on quantities of mineralized nitrogen obtained by aerobic and anae-
robic procedure were compared with plant and soil parameters (pots and field)
and the values of established correlation coefficients are presented in Table 6.

Tab. 6 — Correlation coefficient values between plant and soil parameters and nitrogen minera-
lized in aerobic and anaerobic procedure in brown forest soil

Parameters of plats of soil (pot)
Aerobic incubation Anaerobic incubation

October March July October March July

Yield (NPK) 0.75** NS NS NS 0.70** NS
Yield (PK) 0.74** NS NS NS 0.90** NS
% N in plants (NPK) NS 0.56* NS NS NS NS
% N in plants (PK) NS NS NS NS –0.54* NS
Total uptake of nitrogen (NPK) NS 0.54* NS NS 0.67** NS
Uptake of soil nitrogen (NPK) 0.58* 0.57* NS NS 0.75** NS
Uptake of fertilizer nitrogen (NPK) NS NS NS NS NS NS
Uptake of soil nitrogen/fertilizer 0.73** NS NS NS 0.88** NS
Soil nitrogen uptake (PK) 0.61** NS NS NS 0.77** NS

Parameters of plants and soil (field)

Yield of grain 0.75** NS NS NS 0.81** NS
Yield of straw 0.70** NS 0.53* NS 0.76** NS
Total yield 0.72** NS 0.51* NS 0.79** NS
% N in grain 0.73** NS NS NS NS NS
% N in straw 0.70** NS NS NS 0.93** NS
Uptake of nitrogen-grain NS NS NS NS 0.79** NS
Uptake of nitrogen-straw NS NS NS NS 0.82** NS
Total uptake of nitrogen 0.69** NS NS NS 0.80** NS

** — significant of probability level 0.01
* — significant of probability levels 0.05
NS — no statistic value

In March, the established correlation coefficients between the quantities
of mineralized nitrogen obtained by aerobic procedure and the plant and soil
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parameters from the experiment in pots were nearer to low than to average va-
lues. As for parameters of experiments in field, statistically significant correla-
tion dependences were not found.

In July, there was no statistically significant correlation dependence for
plant and soil parameters in pots while for parameters in field, the dependence
was low.

In October, for plant and soil parameters from the pots, the statistically
significant correlation dependence was not found for half of observed values,
while for the remaining parameters it was high, with a high degree of statisti-
cal dependence.

Based on established values of correlation coefficients, a percentage of
correlation dependences for given criteria was calculated (Table 7).

Tab. 7 — Correlation dependences (in percents) r = 0.50—0.90 (** and *) and for r � 0.70**
between the plants and soil parameters and nitrogen mineralized in aerobic procedure

Parameters
Percentage of correlation

dependence for
r = 0.50—0.90 (**, *)

Percentage of correlation
dependences for

r � 0.70**

October

Parameters of plants and soil in pots 55.5 33.3
Parameters of plants and soil in field 75.0 62.5

March

Parameters of plants and soil in pots 33.3 0.0
Parameters of plants and soil in field 0.0 0.0

July

Parameters of plants and soil in pots 0.0 0.0
Parameters of plants and soil in field 25.0 0.0

From obtained percentages of correlation dependences, it might be noted
that the highest percentage was established in October. Thus, we can recom-
mend applying the evaluation of potential mineralized nitrogen referring to the
reliability of aerobic method in autumn (October), before the wheat seeding.

Based on established percentages of correlation dependences in October,
it is obvious that the highest percentages were established for parameters from
fields in both criteria. This percentage for the parameters from the pots, in
both cases, was lower (55.5 band 33%). Thus, one can conclude that the eva-
luation of aerobic incubation value should be made by using the parameters
from the field, being in conformity with the results of R o b i n s o n (1968).
This is important having in mind that parameters from the field can be esta-
blished by a much simpler way while it is more difficult to establish the para-
meters from the pots since it requires more work and use of expensive proce-
dures (use of marked 15N).

In anaerobic incubation, the same statistic analysis used in aerobic incu-
bation was applied. The values of established correlation coefficients are pre-
sented in Table 6.

In March, the established correlation dependences between mineralized
nitrogen obtained by anaerobic procedure and plant and soil parameters in pots
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were mostly high, with a high degree of statistical significance, except for total
adopted nitrogen (NPK) (0.67**) and for percentage of nitrogen in oats plants,
where it was very low. A high correlation dependence between mineralized ni-
trogen obtained by mentioned procedure and plant and soil parameters from
the field. In one case, it was very high (r = 0.93**—%N — straw) with a high
degree of statistical significance.

In July and October, no statistically significant correlation dependences
between plant and soil parameters (pots and field) and mineralized nitrogen
were found when anaerobic procedure was applied.

Tab. 8 — Correlation dependences (in percents) r = 0.50—0.90 (** and *) and for r � 0.70**
between the plants and soil parameters and nitrogen mineralized in anaerobic procedure

Parameters
Percentage of correlation

dependence for
r = 0.50—0.90 (**, *)

Percentage of correlation
dependences for

r � 0.70**

October

Parameters of plants and soil in pots 0.0 0.0
Parameters of plants and soil in field 0.0 0.0

March

Parameters of plants and soil in pots 77.78 55.5
Parameters of plants and soil in field 87.5 87.5

July

Parameters of plants and soil in pots 0.0 0.0
Parameters of plants and soil in field 0.0 0.0

On the basis of the results shown in Table 8, it might be concluded that
the highest percentages of correlation dependence for given criteria are found
in March. Consequently, we can recommend making the evaluation of po-
tential mineralized nitrogen by the anaerobic procedure in early spring (in
March). In addition, from presented results in March, it is possible to note that
the highest percentages of correlation dependences were established for para-
meters in the field for both given criteria. As for the parameters in pots, the
percentages were lower. Taking into consideration the value of established per-
centages of correlation dependences, for a strict criterion (� 0.70**), we re-
commend to make the evaluation of anaerobic incubation value by using the
parameters either in field or in pots.

CONCLUSION

On the basis of presented results, it can be concluded as follows:
— The evaluation of aerobic incubation reliability being a method for

establishing potential mineralized nitrogen with conditions in brown forest soil
should be performed in October.

— The evaluation of aerobic incubation should be made by using plant
and soil parameters in the field.
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— Evaluation of anaerobic incubation for given conditions should be
performed in early spring (March).

— From used plant and soil parameters, to evaluate the value of anae-
robic incubation, use equally the parameters from the field and from the pots.
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UTVRÐIVAWE OPTIMALNOG VREMENA I PARAMETARA ZA OCENU
POTENCIJALNO MINERALIZUJUÃEG AZOTA ZEMQIŠTA

Mirjana M. Kresoviã, Vlado Ð. Liåina, Svetlana B. Antiã-Mladenoviã

Univerzitet u Beogradu, Poqoprivredni fakultet,
Nemawina 6, Zemun, Srbija

Rezime

Istraÿivawa su obavqena na zemqištu tipa gajwaåa (okolina Mladenov-
ca) na kojem je postavqen stacionarni ogled sa odreðenim sistemom ðubrewa.
Za ova istraÿivawa odabrane su varijante ogleda iz poqa gde je primewena ra-
stuãa doza azota ðubriva. Ciq istraÿivawa je bio da se utvrdi koji se parame-
tri biqaka i zemqišta (kontrolisani uslovi i/ili poqe) mogu smatrati pouz-
danima za ocenu vrednosti aerobne i anaerobne inkubacije, kao i da se utvrdi
najpovoqnije vreme za tu ocenu. Da bi se ostvario postavqeni ciq istraÿiva-
wa, izvedena su dva ogleda: ogled u sudovima (kontrolisani uslovi) gde je pri-
mewen amonijum nitrat koji je bio obeleÿen stabilnim izotopom 15N (11,8%) i
ogled u poqu. Da bi se utvrdilo optimalno vreme za ocenu pouzdanosti aerobne
i anaerobne inkubacije, sa stacionarnog ogleda su uzorci zemqe uzimani u ok-
tobru, martu i julu. Na osnovu utvrðenih korelativnih zavisnosti, za uslove
koji su vladali u ispitivanoj gajwaåi, ocenu pouzdanosti aerobne metode treba
donositi u oktobru korišãewem parametara biqaka i zemqišta iz poqa. Oce-
nu pouzdanosti anaerobne metode treba utvrðivati u rano proleãe (mart), pri
åemu se za tu ocenu mogu ravnopravno koristiti kako parametri biqaka i zem-
qišta iz poqa, tako i iz sudova (kontrolisani uslovi).
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RESISTANCE OF SOME WHEAT GENOTYPES TO
PUCCINIA TRITICINA

ABSTRACT: Thirty-four wheat genotypes were tested for resistance characteristics to
Puccinia triticina at different growth stages. At seedling stage in a greenhouse, latency pe-
riod, infection frequency and reaction type were determined. In the field, time of spike ap-
perance, and infection intensity were followed. Weak (r = 0.322) to strong (r = 0.660) cor-
relation was found between resistance characteristics at seedling stage (LPxIFxRT, in the
greenhouse) and in adult plants (infection intensity and AUDPC, in the field). The values of
AUDPC (area under the disease progress curve) were also strongly related to resistance
characteristics of seedlings (r = 0.598). As pseudoresistant in the field (especially equal to
adult plant resistance) according to other stressess reactions were considered genotypes
which were the most sensitive at seedling stage (20°C) and at adult stage they did not
express maximal infection intensity, particullar Evropa 90 and Suvaåa. Adult plant resistan-
ce as the sum of specific and pseudoresistance was observed on genotypes Tiha, Zlatka and
Eva.

KEYWORDS: resistance, Puccinia triticina, wheat genotypes, seedling stage, adult
stage

INTRODUCTION

Since the seventeenth century frequent damages caused by Puccinia triti-
cina were described (C h e s t e r, 1946). Consequences of attack were reduc-
tion of photosynthesis and collapse of metabolism. Infection in the beginning
of plant development reduces resistance to low temperatures or reduces stool
and seed number. The most often consequence is bad quality of seed (J e r -
k o v i c, 1995). Susceptibility of commercial varieties is the result of growing
the same varieties for long time, on very large area in one region, and because
wheat breeding does not always follow the dynamics of pathogen changes.

Many authors were studying a problem of expressing resistance as hyper-
sensitive reaction (J e r k o v i ã, 1992), low infection efficiency and prolonged
latent period (P a r l e v l i e t, 1986). The most exploited method to evaluate
resistance of wheat genotypes to Puccinia triticina at seedling stage is accor-
ding to reaction type. This feature is dependent on temperature, and at seedling
stage, optimum is 15—20°C. Even then, some results do not correlate with in-
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fection efficiency and reaction type in the field. For discovering and using all
genes responsible for expressing any kind of resistance, it is usual to test latent
period and infection efficiency. Infection efficiency was the most used criteria
in our region. Low infection efficiency and prolonged latent period are suffi-
cient to reduce development of pathogen and make non-economic application
of the other protection measurements (J e r k o v i ã, 1992). Low infection effi-
ciency is the most discussible parameter whose better explanation is necessary
to fully understand the process of overcoming genes for resistance (N i k s et
al., 2000). Prolonged latent period is the last characteristic before resistance
overcoming. In the field, reliable criteria of incomplete resistance are time and
intensity of the beginning of infection, and AUDPC value (P u t n i k and
J e r k o v i ã, 2002). The first infection, according to modified Cobb scale
(from five and higher, P e t e r s o n et al., 1948), in our experimental condi-
tions appear almost in the third (wheat in phase > 70), and sometimes in the
second decade of May in time of bloom (phase 60—69 according to Zadoks).

Parasite has the possibility of continuous and fast adaptation, so that it
can multiply on each variety after shorter or longer period. Process of changes
in pathogen population infecting particular genotype is concomitant with the
breeding process (P a r l e v l i e t, 1986).

The aim of the study was to differentiate varieties according to adult
plant resistance depends on specific resistance genes to Puccinia triticina. These
adult plant level of resistance depends only on environmental conditions, could
be activated the other stress reactive genes, and could be called pseudo resistant.

MATERIAL AND METHODS

Thirty-four wheat genotypes were tested on three resistance characteri-
stics as latency period (LP), reaction type (RT) and infection efficiency (IF) at
seedlings in greenhouse. In the field, times of spikes apperance and leaf sene-
scence were marked, and infection intensity was evaluated also, in three times.

The resistance characteristics values of seedlings were achieved at appro-
ximate 20°C in greenhouse during the winter period (temperature rising below
24°C increased the leaf rust development). The seven days old seedlings were
inoculated by trashing spores (S t a k m a n, 1954). Incubation in high moisture
was for 24 hours. The RT estimated after ten days from incubation was trans-
formed as before present (0 = 6, 1 = 7, 2 = 8, 3 = 9, 4 = 10) (J e r k o v i c and
P u t n i k - D e l i c, 2004). The latency period (LP), was observed visually six
and seven days after incubation and marked adequately (1 = pustule appeared
first day, 0.8 = some second day, 0.7 = all after second day), and infection
frequency (IF) after 10 days. Infection frequency (IF) was the maximal num-
ber of pustules on the observed area (6 = less than 20 pustules in the middle
of the first leaf, 7 = 20—30, 8 = 31—40, 9 = 41—50 and 10 = more than 50).
The formula RT x IF x LP results were correlated with maximal infection in-
tensities in field, and AUDPC (area under the disease progress curve) (B j a r -
k o and L i n e, 1988) too, on all varieties. The results of seedlings test in green-
house and adult stage in field during 2004 were presented in the paper. The
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infection intensities in field were estimated according to modified Cobb scale
together with the leaf condition in June during the same year. Experiment was
done at experimental fields of the Institute of Field and Vegetable Crops, Novi
Sad. The correlation coefficients between estimated parameters were calculated
using MstatC program.

RESULTS

In this paper, we showed the evaluation of resistance characteristics under
controlled conditions (LP, IF, RT) and in the field (max infection intensity,
AUDPC); and time of spikes appearance and leaf senescence according to
number of estimation (Table 1). Together they were reliable criteria to distin-
guish between specific resistance and adult plant resistance of tested geno-
types.

The seventeen genotypes (No. 1—17, Table. 1) showed no signal of resi-
stance according to tests in greenhouse, at seedling stage, and they were evalu-
ated as susceptible. Some early-headed varieties as Suvaåa, Evropa 90, and
Kremna were relatively less attacked in field. The 12 genotypes were with
prolonged LP and for six of them the latency period was the only single
expressed characteristics of resistance, while lower IF was recorded for 3 ge-
notypes (Pobeda, Sonja, Jarebica). Only 4 genotypes showed relatively lower
values of all three parameters (Nova Banatka, Sava, Selekta, Eva). Another fo-
ur genotypes (Pesma, Bajka, Slava and Sreãa) were designated as completely
resistant both according to results obtained in a greenhouse, at seedling stage,
and under field conditions, as adult plants. Pesma, Bajka and Eva showed the
late flag leaf senescence as Košuta, Suvaåa, and Mina (5 or after 5 estimation)
related with other susceptible genotypes in the greenhouse (Table 2). Mina
was specific according to erective leafs. The date of heading was correlated
with leaf area duration in all cases, except Košuta, Suvaåa, Tiha, Jarebica, and
Bajka, which were early, headed varieties with prolonged leaf area duration.

Coefficients between results of infection intensity in field, AUDPC, LPxIFxRT
and LP show high correlation. Maximal value was obtained between infection
intensity at last estimation in field (16th June) and LPxIFxRT (0.660), so
AUDPC and LPxIFxRT (0.598). Correlation coefficient between LPxIFxRT
and infection intensity in field was high, too (r = 0.982) (J e r k o v i c et al.,
2004)
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Tab. 1 — The estimate values of resistance characteristics on all tested genotypes
N

um
be

r

Genotype LP IF RT

Max
infection
intensity
in field

Time of
spike

apperance

Leaf
senescence

in 2004
(number of
estimation)

AUDPC LPxIFxRT

1 NSR 2 1 10 10 80 10th May 4 670 100
2 PZ 1 10 10 70 11th May 4 743 100
3 Košuta 1 10 10 70 11th May 5 667 100
4 Milica 1 10 10 70 11th May 4 487 100
5 Rodna 1 10 10 60 11th May 4 812 100

6 Novosadska
crvena 1 10 10 60 10th May 4 622 100

7 Delta 1 10 10 60 10th May 4 582 100
8 Diåna 1 10 10 60 10th May 4 582 100
9 Silna 1 10 10 60 10th May 4 552 100

10 Rusija 1 10 10 60 11th May 4 507 100
11 Renesansa 1 10 10 60 11th May 4 358 100
12 Tera 1 10 10 50 10th May 4 466 100
13 NSR 5 1 10 10 50 10th May 4 447 100
14 Suvaåa 1 10 10 40 10th May 5 552 100
15 EV 90 1 10 10 40 10th May 4 342 100
16 Kremna 1 10 10 40 10th May 4 172 100
17 Mina 1 10 10 30 16th May after 5 98 100
18 Sofia 0.8 10 10 50 17th May 5 635 80
19 Prva 0.8 10 10 40 10th May 4 477 80
20 Nizija 0.8 10 10 40 11th May 4 380 80
21 Prima 0.8 10 10 40 8th May 4 218 80
22 Tiha 0.8 10 10 20 10th May 5 140 80
23 Zlatka 0.8 10 10 10 10th May 4 70 80
24 Sonja 0.8 9 10 70 8th May 4 382 72
25 Pobeda 0.8 9 10 50 15th May 4 412 72
26 Jarebica 0.8 8 10 60 11th May 5 822 64

27 Nova
Banatka 0.8 9 9 60 16th May 5 588 64.8

28 Sava 0.8 6 8 20 13th May 5 134 38,4
29 Selekta 0.8 6 7 30 17th May 5 81 38.4
30 Eva 0.8 6 7 10 18th May after 5 70 38.4
31 Pesma 0.7 6 8 40 17th May 5 280 33.6
32 Bajka 0.7 6 7 20 10th May after 5 177 29.4
33 Sreãa 0.7 6 7 15 16th May 4 67 29.4
34 Slava 0.7 6 7 5 11th May 4 18 33.6
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Tab. 2 — Correlation value (r) based on data from field and greenhouse, for testing wheat varieties

Correlation

Infection intensity in field
AUDPC

2004

28th May 2nd June 9th June 16th June 2004.

2nd June 2004 0.494
9th June 2004 0.451 0.826
16th June 2004 0.449 0.543 0.781
AUDPC/04. 0.412 0.647 0.882 0.873
LPxIFxRT 0.322 0.550 0.634 0.660 0.598
LP 0.359 0.572 0.574 0.580 0.543

DISCUSSION

Only 25% of tested varieties with maximal values of resistance characte-
ristics at seedling stage (1 10, 10) showed infection intensity in field 70 and
up. Although genotypes in this experiment should have been adapted for cli-
mate condition in this region, some of them did not show correlation among
resistance expression at different stage. Short LAD (leaf area duration) and
none reconciled mature result with relatively lower yields and lead to be favo-
rable for other facultative parasites. Many factors, as the extremely unfavo-
rable temperatures, dry conditions, or poor agricultural practice have the in-
fluence on wheat and leaf rust development in field, but on all varieties sui-
table for the region (P u t n i k and J e r k o v i ã, 2002). In this experiment, it
was not the case, climatic conditions and other factors were approximate ideal
for plants and parasite, too. Resistance to Puccinia triticina was uncondi-
tionally proved.

In the period of 1970—1973, varieties Novosadska crvena, Sava, Parti-
zanka, Nova Banatka were registered. Until today, the first one did not show
any kind of resistance to Puccinia triticina, although Sava expressed low va-
lues of tested characteristics. From 1974—1981: Novosadska rana 2 (NSR 2)
and Nizija whose resistance is still present and because of that Nizija could be
potential source of genes for durable resistance.

Genotypes as Pesma, Eva, Jarebica, Pobeda, Tiha, Prima, Renesansa,
Evropa 90, Tera, Rusija, Diåna, Košuta were registered between 1988 and
1996 (Ð o k i ã, 2000). They are listed here according to their level of resis-
tance, starting with the most resistant. The last six of them have no resistance
characteristic even though they were registered later than, for example, Sava
and Nizija. Their latent period is also the shortest as the consequence of resis-
tance overcoming after long period in production. Such occasional resistance
in the field also has to be declared as pseudo (P u t n i k - D e l i c, 2006).

Results of interaction between Mina and Puccinia triticina were not
expected. At seedling stage, it showed total susceptibility. In former investiga-
tions, it was hypersensitive on higher temperatures. Mina has so-called marble
leaf in adult stage, which was not in correlation with hypersensitive reaction.
This variety had poor technological quality of seed, and it matured late.
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Zlatka and Tiha were only genotypes with prolonged latent period in green-
house, and in the field condition, they showed the lowest infection intensity
(10, 20). They had early apperance of spike as Prva and Nizija, but lower in-
fection intensity. It is very important in production although LP values is the
last charecteristics before resistance overcoming. Other genotypes with lower
values of parameters at seedling stage had higher maximal infection intensity
in the field except Eva.

All analyzed varieties Ð o k i ã (2000) characterized as very resistant. It
was not confirmed in these experiments because of resistance overcoming.

According to B r o e r s (1997) LP, IF and RT are highly correlated with
AUDPC data. This fact suggests that selection based on greenhouse results
allows selection of genotypes with high level of quantitative resistance. Infec-
tion intensity after uniform inoculation in a greenhouse could be used for mo-
nocycle estimation, because it is the simplest procedure for evaluation.

Genotypes with different resistance genes, which are susceptible today,
probably could be used again as source of resistance in future, after a period
of exclusion.
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OTPORNOST NEKIH GENOTIPOVA PŠENICE PREMA
PUCCINIA TRITICINA

Marina Putnik-Deliã

Poqoprivredni fakultet, Departman za ratarstvo i povrtarstvo,
Trg Dositeja Obradoviãa 8, 21000 Novi Sad, Srbija

Rezime

Testirawem 34 genotipa pšenice utvrðene su vrednosti i stepeni poveza-
nosti pokazateqa otpornosti prema Puccinia triticina u razliåitim fazama raz-
voja pšenice. U stadijumu sejanaca u stakleniku su odreðeni: latentni period,
uspešnost infekcije i reakcioni tip, dok je u poqu evidentirano vreme klasa-
wa i sušewe lisne mase, kao i intenzitet zaraze, višekratnim oåitavawem.
Korelacijom ocewenih podataka u stadijumu sejanaca i intenziteta zaraze u raz-
liåitim fazama razvoja genotipova pšenice u poqskim uslovima, ustanovqena
je slaba (r = 0,322) do jaka (r = 0,660) povezanost. Najviša vrednost koeficijen-
ta korelacije karaktera otpornosti u stakleniku je bila s posledwim oåitava-
wem u poqskim uslovima. Korelacije intenziteta zaraze u kasnijim fazama uka-
zuje na prilagoðenost sorti regionalnim uslovima. Vrednosti AUDPC su, tako-
ðe, bile povezane s karakterima otpornosti u stadijumu sejanaca (0,598). Geno-
tipovi pšenice kod kojih nije bilo znaåajnijih odstupawa po karakterima ot-
pornosti od najosetqivijih u stadijumu sejanaca, a nisu ispoqili maksimalne
intenzitete zaraze u poqu smatrano je da su pseudorezistentni, odnosno da po-
seduju poqsku otpornost. Ovu vrstu otpornosti kao rezultat specifiåne i la-
ÿne ispoqili su genotipovi kao što su Tiha, Zlatka i Eva.
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THE OCCURRENCE OF PESTS ON LEMON BALM
(MELLISA OFFICINALIS) AND GARDEN SAGE

(SALVIA OFFICINALIS)

ABSTRACT: Production of medicinal plants is accompanied by many problems, out
of which some are overcome. Problems in medicinal plant production, including the produc-
tion of sage and lemon balm that cannot be avoided are pathogens, the presence of insects
and weeds.

During the summer of 2003 and 2004, the occurrence of animal pests and pathogens
was investigated in the medicinal plants lemon balm (Mellisa officinalis) and garden sage
(Salvia officinalis). The pathogens Alternaria alternata and Fusarium moniliforme and the
insects Eupterix atropunctata and Empoasca pteridis (Homoptera, Cicadelidae) were identi-
fied as the cause of various damages to medicinal plants.

KEY WORDS: diseases, garden sage, lemon balm, pathogens

INTRODUCTION

Garden sage and lemon balm are species cultivated on large areas in the
world. Such mass production is favorable for the occurrence of animal pests
and pathogens. Although garden sage and lemon balm are not often infested
with microorganisms and pests, in some cases their yield and quality can be
reduced in this manner.

Septoria mellisae infests lemon balm and causes leaf spot. The leaf spots
are gray, sometimes black, and are usually limited by leaf nerves. Puccinia
melissae causes rust on lemon balm. G a m l i e l and Y a r d e n (1998) indi-
cated that, besides the fungus P. mellisae, rust can also be caused by the fungi
P. menthae and P. angustata.

Oidium erysiphoides causes sage mildew, while different leaf and stalk
spots are caused by the fungi Ascochyta vicina and Phoma salviae. P l e n k
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(2002) indicated Peronospora lamii as the pathogenic fungus causing sage rot.
This fungus was found on sage by other researchers as well, E l l i s, K e l -
l e r m a n n (1887) and M u l l e r (1999), who uses the old term, P. swinglei.

Another very important sage disease is wilt. S a l l i (1997) indicated the
following pathogens isolated from wilt-affected plants: Fusarium oxysporum,
Alternaria alternata, F. Solani, F. Moniliforme, Rhizoctonia solani and Fusa-
rium culmorum. This data leads to the conclusion that the most important
causal agents of wilt are the Fusarium species of fungi.

Lemon balm pests are Eupteryx atrapunctata and Cassida viridis. Lemon
balm can be damaged by the flea beetle, different caterpillars and some insect
species.

S t e p a n o v i ã (1998) indicated the armyworm Phytometra chrysitis as
a sage pest, while H a b á n (1996) indicated the caterpillar Zygaena punctum
as causing damage to sage leaves.

Many sage insect species were determined by K o s t i ã et al. (1999).
Sage flowers were infested with Zygaena punctum, Adelphocoris lineolatus,
Euridema ornata and Dolicoris baccarum. The following species were found
on the leaves: Disaneura salviae, Thrips tabaci, Empoasca pteridis, Aceria
salviae, Tetranychus lubeniu, etc.

MATERIAL AND METHODS

The occurrence of lemon balm and sage pests and diseases was investi-
gated in the Kolonjani area, 10 km to the northeast of the town of Nitra. Crops
of these medicinal plants were controlled once every two weeks. Diseased
plants were marked. The leaves and other infested plant parts were examined
in laboratory conditions. Fungi were isolated from the diseased plants. Isola-
tion was conducted on potato stock. After sieving, determination of pathogens
was carried out.

Pest numbers and dispersion were determined by the method of random
catch using the Ø = 50 cm catcher. Three replicates were made in the middle
of the plot (3 x 50 catches). The insects were starved and determination was
done following that.

RESULTS AND DISCUSSION

The following sage and lemon balm pathogens were determined: Fusa-
rium equiseti and the species Alternaria alternata, syn. A. tenuis. The deter-
mined pest species were Eupterix atropunctata and Empoasca pteridis from
the family Cicadaelidae and some more species from families Miridae, Aphi-
didae, Chloropidae and Chrysomelidae.

The health condition of the medicinal plant crops was good and disease
symptoms were detected on the leaves and stems on the inside and on the
lower plant parts. The leaves were wilted and black in these places. Pathogen
Fusarium equiseti was isolated from stalks and leaves garden sage plants. The
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identification was carried out by using of manuals and monograph G e r -
l a c h, N i r e n b e r g (1982), and S a m s o n et al. (1995). On PDA F.
equiseti produced aerial, yellowish brown mycelium. On mycelium only mac-
roconidia formed, mostly 4—5 septae and 26—60 m long and 3.5—5.2 m
wide. Chlamydospores were formed in hyphae, less frequently in conidia.
K o s t i ã et al. (1999) determined the presence of Fusarium, F. equiseti in sa-
ge seeds, roots, stalk and leaves. One more species of fungus was isolated
from the seeds, stalk, leaves and roots — F. moniliforme, var. subglutinans
sage K o s t i ã et al. (1999).

Alternaria tenuis was isolated from sage seeds and leaves. The pathogen
caused round or shapeless black spots on the leaves. The spots often merged
together and caused necrosis. The symptoms were observed on the older leaves
first, K o s t i ã et al. (1999). We observed similar symptoms on the older
leaves, from which the fungus A. alternata was isolated. A. alternata on PDA
produces aerial mycelium. The first mycelium was white and later it became
dark grayish and black. Mostly 3—6 septae conidia formed on mycelium in
chain. Measuring of conidia was 20—60 x 11—15 m. The identification was
carried out by using of manuals Ellis.

H r i s t o v (1972) in Bulgaria determined the following pathogens: Ery-
siphe salviae, E. cichoracearum, Peronospora swinglei, P. lamii, Ovularia
ovata, Cercospora salvicola, Ramularia salviae, Septoria salviae, Pythium de-
baryanum, Rhizoctonia solani and Fusariium spp. P i r o n e t h e (1996) in
America found sage rust and rusts caused by the fungi Puccinia salvicola, P.
caulicola a P. farinacea.

The occurrence of pests belonged to family Cicadaelidae, Aphididae,
Cassidnae and Chrysomelida subfamily Halticinae (Tab. 1 and 2) was determi-
nate on lemon balm (Mellisa officinalis) and garden sage (Salvia officinalis).
Especially, the insects Eupterix atropunctata and Empoasca pteridis (Homo-
ptera, Cicadelidae) were identified.

Tab. 1 — Occurrence of pests on lemon balm in 2003 and 2004

Pest
2003 2004

2.6. 5.6. 17.6. 20.5. 9.6. 17.6.

Aphididae 13 8 4 13 53 7
Phyllotreta atra and P. undulata 5 4 4 20 45 5
Casida viridis 0 0 0 0 1 0
Eupterix atropunctata 283 280 274 656 89 63

Tab. 2 — Occurrence of pests on garden sage in 2003 and 2004

Pest
2003 2004

2.6. 5.6. 17.6. 20.5. 9.6. 17.6.

Aphididae 10 7 2 68 48 18
Phyllotreta atra and P. undulata 3 3 3 3 1 16
Casida viridis 0 0 0 0 0 0
Eupterix atropunctata 63 17 6 132 101 28
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The most numerous pests on lemon balm were Eupterix atropunctata.
Eupterix atropunctata were most abundant pests on lemon balm; about 280 in-
dividuals per one day were recorded in 2003. The same species was the most
abundant also on sage. The second rank belongs to Empoasca pteridis. There
were recorded 3 individuals on sage and 12 ones on lemon balm. T a n a s i -
j e v i ã and S i m o v a - T o š i ã (1987) and S i m o v a - T o š i ã et al. (1997)
found the following species from the family Cicadaelidae on sage in Serbia:
Eupterix atropunctata, Eupterix urticae and Eupterix spp. They damaged the
leaves, causing leaf spots, leaf curling, and different leaf deformations. E.
atropunctata causes chlorophyll degradation, resulting in the appearance of
round pale or gray spots, which can merge with one another in some cases,
N e u b a u e r et al. (1980).

We recorded same species from families Chrysomelidae, subfamilia Hal-
ticinae on lemon balm than on sage. In both years, species Phyllotreta atra
and P. undulata was recorded and in 2004 Longitarsus lycopi on lemon balm
was recorded, too. Dominated species were found on lemon balm in 2004,
when the greatest number of individuals was recorded. Typical harmful caused
by flea beetle — holes on leaves were recorded.

During 2004 more aphids were recorded on sage and lemon balm in com-
parison with 2003. Aphis gossypii Glover was dominated. This polyphagous
species was recorded also on sage and many other crops in Serbia. In Serbia,
as well as in other countries, on sage and other species belonging to Salvia
spp. was recorded aphids Aphis salviae Walker, Aphis passeriniana del Guerico.

On lemon balm was recorded only one specimen Cassida viridae from
family Cassidnae. This is polyphagous species attacking crops belonging to
Cemopodiaceae, Carduaceae and Malvaceae.

CONCLUSIONS

Production of medicinal plants, such as lemon balm and garden sage, is
accompanied by many problems, like weed, disease and pest occurrence.

During the summer of 2003 and 2004, the occurrence of pests and patho-
gens was investigated in lemon balm (Mellisa officinalis) and garden sage
(Salvia officinalis). The pathogens Alternaria alternata and Fusarium spp. and
the insects Eupterix atropunctata and Empoasca pteridis (Homoptera, Cicade-
lidae) were identified. All these pests can decrease the quantity and quality of
drugs.
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(MELLISA OFFICINALIS) I ŸALFIJE (SALVIA OFFICINALIS)
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Rezime

Pri uzgoju lekovitog biqa sreãemo se sa razliåitim problemima, meðu
wima i sa pojavom korova, bolesti i štetoåina. S ovim štetnim faktorima
sreãemo se i pri uzgoju melise i ÿalfije.
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Pojava bolesti i štetoåina u usevu melise (Mellisa officinalis) i ÿalfije
(Salvia officinalis) praãena je tokom leta 2003. i leta 2004. godine. Ustanovili
smo pojavu sledeãih patogena: Alternaria alternata i Fusarium spp. i sledeãe vrste
insekata: Eupterix atropunctata i Empoasca pteridis (Homoptera, Cicadelidae), koje
mogu ošteãivati lekovito biqe i prouzrokovati sniÿewe kako kvantiteta tako
i kvaliteta droge.
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INFLUENCE OF ETHEREAL OILS EXTRACTED FROM
LAMIACEAE FAMILY PLANTS ON SOME PATHOGEN

MICROORGANISMS

ABSTRACT: As pathogen microorganisms can be found in different kinds of food,
using of natural antimicrobial compounds, like ethereal oils, could be important in the pre-
servation of different groceries. To evaluate antimicrobial activity of ethereal oils extracted
from Lamiaceae family plants — Rosmarinus officinalis L., Thymus vulgaris L., Majorana
hortensis M o e n c h, and Salvia officinalis L screening of their effects against food borne
bacteria Staphylococcus aureus, Enterococcus faecalis, Proteus mirabilis, Salmonella enteri-
tidis, Pseudomonas aeruginosa, Bacillus cereus, Bacillus subtilis, Escherichia coli, Esche-
richia coli O157:H7, Listeria monocytogenes and yeasts Candida albicans and Saccha-
romyces cerevisiae were applied. All investigated concentrations and pure Majorana horten-
sis and Thymus vulgaris ethereal oils showed microbicidal effect on majority of tested mic-
roorganisms.

KEY WORDS: ethereal oils, marjoram, rosemary, sage, thyme, antimicrobial effect

INTRODUCTION

We investigated antimicrobial activity of ethereal oils on some strains of
gram-negative bacteria: Proteus mirabilis, Salmonella enteritidis, Pseudomonas
aeruginosa, Escherichia coli, Escherichia coli O157:H7; gram-positive bacte-
ria: Enterococcus faecalis, Bacillus cereus, Bacillus subtilis, Staphylococcus
aureus, Listeria monocytogene; yeasts Saccharomyces cerevisiae and Candida
albicans.

Medicinal, aromatic and herb spices from family Lamiaceae such as sage
(Salvia officinalis L.), rosemary (Rosmarinus officinalis L.), marjoram (Majo-
rana hortensis Moench.), and thyme (Thymus vulgaris L.) are widely distri-
buted in Serbia growing as wild or cultivated species (S a r i ã, 1989). These
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plants are used as stomachic, spasmolytic, carminative, and expectorant agents
in folk medicine and in official medicine. Ethereal oils extracted from Lamia-
ceae family plants can contribute the quality of food with better odor and fla-
vor what is consider as very important quality parameter in food manufactu-
ring (K o v a å e v i ã, 2001). Other benefits could be application of ethereal
oils in therapeutics purposes due to their antimicrobial (bactericidal and fungi-
cidal) effects on some pathogen microorganisms (S t e f a n i n i et al., 2001,
K l a u s et al., 2007).

The folium of sage (Salvia officinalis L.) contains 1% to 2.8% of ethereal
oil. Monoterpenes are the major ingredients of this oil: tujon (30%—60%) as
predominant constituent, cineol (15%) and camphor. The ethereal oils of sage
have spasmolytic, astringent and carminative effects (B a r a t t a et al., 1998).

The folium of rosemary (Rosmarinus officinalis L.) contains up to 2% of
ethereal oil. The major ingredients of ethereal oil of Rosmarini aetheroleum
are cineol (35%), pinene, camphor and borneol. It is used in the food proces-
sing industry as a spice and aroma enhancer (A n g i o n i et al., 2004).

The herb of thyme (Thymus vulgaris L.) contains 1%—2% of ethereal
oil. Monoterpenes are the major ingredients of this oil with thymol (40%) as
predominant constituent and carvacrol, which are well known like antimicro-
bial substances. The ethereal oils of thyme have spasmolytic and expectorant
effects (M a r i n o at al., 1999).

The herb of marjoram (Majorana hortensis Moench.) contains 1—2% of
ethereal oil (terpinen-4-ol, borneol). It is also used in folk medicine as stoma-
chic and as a spice and aroma enhancer in food processing industry (B i o n d i
at al., 1993).

MATERIALS AND METHODS

Antimicrobial effects of ethereal oils extracted from Lamiaceae family
plants on certain strains of microorganisms were investigated.

Test organisms

Antimicrobial activity was tested on gram-negative bacterial strains Pro-
teus mirabilis ATCC 17576, Salmonella enteritidis ATCC 31806, Pseudomo-
nas aeruginosa ATCC 27853, E. coli ATCC 25922, E. coli O157:H7 ATCC
35150, E. coli O157:H7 ATCC 12900; on gram-positive bacterial strains
Staphylococcus aureus ATCC 25923, Enterococcus faecalis ATCC 29212, Ba-
cillus cereus ATCC 11788, Bacillus subtilis BS-30B-0403001, Listeria mo-
nocytogenes ATCC 19115, Listeria monocytogenes ATCC 19112; and on
yeasts Saccharomyces cerevisiae ATCC 9763, Candida albicans ATCC 24433
and Candida albicans ATCC 10259.

ATCC cultures were taken from American Type Culture Collection, Rock-
ville, Maryland. B. subtilis were taken from Dept. of Food Technology and
Biochemistry, Faculty of Agriculture, University of Belgrade. The cultures of
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bacteria were maintained in Mueller-Hinton agar and for Listeria monocytoge-
nes TSA-YE slants at 4°C throughout the study and used as stock cultures.

Preparing of ethereal oils

Ethereal oils were obtained from sage (Salvia officinalis L.), rosemary
(Rosmarinus officinalis L.), marjoram (Majorana hortensis Moench.), and thy-
me (Thymus vulgaris L.). The folium of sage and rosemary and herbs of mar-
joram and thyme represent a domestic raw material from Serbia. The folia of
sage (variety Primorska), rosemary (domestic variety), thyme (variety N-19),
and marjoram (variety Holand olfactory) were used in this experiment (Ano-
nymous, 2005). Medicinal herbs were provided by the Institute for Medicinal
Plant Research “Dr Josif Panåiã" from Belgrade. Materials were determined at
the Faculty of Agriculture in Belgrade. Ethereal oils were extracted from dry
folia and herbs of sage, rosemary, thyme and marjoram by distillation and va-
porization with Clevenger according to the methods of Pharmacopeia Yugosla-
vic V (Ph. Jug. V, 2000).

Screening of ethereal oils for antimicrobial activity was done by the disk
diffusion method with three different concentrations (pure oil, 1:1, and 2:1)
(K l a u s et al., 2007). Ethereal oils were dissolved in 96% C2H5OH in ratio
2:1 (2 ml ethereal oil: 1 ml 96% C2H5OH) and in ratio 1:1 (1 ml ethereal oil:
1 ml 96% C2H5OH). In cases of ethereal oils obtained from Majorana horten-
sis and Thymus vulgaris ethereal oils were additionally dissolved in 96%
C2H5OH in ratio 1:2 (1 ml ethereal oil:2 ml 96% C2H5OH) and 1:3 (1 ml ethe-
real oil:3 ml 96% C2H5OH).

Preparing of microorganisms

Bacterial strains were inoculated in Mueller-Hinton broth except Listeria
monocytogenes which were inoculated in TSB-YE and incubated at 37°C for
24 h, to reach concentration 106 cells/ml. Yeasts were inoculated in malt broth
and incubated at 30°C for 48 h, to reach concentration 106 cells/ml. The ino-
cula of microorganisms were prepared from 24 h and 48 h-old culture and su-
spensions were adjusted to 0.5 McFarland standard turbidity (~ 106 CFU/ml).

Influence of ethereal oils on microorganisms

Screening of essential oils for antimicrobial activity was done by the disk
diffusion method. The cultures were adjusted to approximately 106CFU/ml
with sterile saline solution. Petri dishes (100 mm in diameter) were inoculated
with 0.2 ml suspension of certain strains of microorganisms and overlaid with
20 ml of the medium. For most of bacteria Mueller Hinton agar was used, for
Listeria monocytogenes TSA-YE were used and for yeasts malt agar were
used. Three filter disks (Sigma-Aldrich's Whatman ® Schleicher & Schuell, 6
mm in diameter) were placed on every agar and diffusion method was per-
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formed by adding 10ml of appropriate suspension on every disk. Every test
was done in triplicate. Blind probe contained only 96% C2H5OH, without any
ethereal oils. Bacteria were incubated at 37°C for 24h and yeasts were incu-
bated at 30°C for 48h. After the incubation period, the zone of inhibition was
measured. Small sectors from the zone of inhibition were taken and inoculated
in nutrient broth for cultivating bacteria, TSB-YE for cultivating Listeria mono-
cytogenes and in malt broth for yeasts. Sectors in nutrient broth and TSB-YE
were incubated at 37°C for 24h and sectors in malt broth were incubated at
30°C for 48h to see if the effect of ethereal oils were microbicide or micro-
bistatic (K l a u s et al., 2007).

RESULTS AND DISCUSSION

After 24-hour incubation at 37°C for bacterial strains and 48-hour incuba-
tion at 30°C for yeasts the zone of inhibition around the filter disks were mea-
sured and results are presented in Table 1. If nutrient, TSB-YE or malt broth
with sectors taken from the zone of inhibition showed turbidity after incuba-
tion, influence of applied ethereal oils were regarded as microbistatic. In the
cases where nutrient, TSB-YE or malt broth with sectors taken from the zone
of inhibition stayed clear after incubation, influence of applied ethereal oil
were microbicide. Blind probe showed that 96% C2H5OH had no antimicrobial
influence on investigated microorganisms.

Pure ethereal oil obtained from Rosmarinus officinalis showed microbi-
static effect on all investigated bacteria, but had no influence on yeasts Can-
dida albicans ATCC 24433, Candida albicans ATCC 10259 and Saccha-
romyces cerevisiae ATCC 9763. The most intensive microbistatic influence of
pure ethereal oil were in cases of Bacillus cereus ATCC 11788 (inhibitory
zone 14.67 mm) and Proteus mirabilis ATCC 17576 (inhibitory zone 11.67
mm). Suspensions of ethereal oils in 96% C2H5OH in ratio 2:1 showed micro-
bistatic effect on all investigated microorganisms, with best results in contact
with yeasts Candida albicans ATCC 10259 (inhibitory zone 22 mm), Can-
dida albicans ATCC 24433 (inhibitory zone 21 mm) and Saccharomyces cere-
visiae ATCC 9763 (inhibitory zone 20 mm) and bacteria E. coli O157:H7
ATCC 35150 (inhibitory zone 10.33 mm). Suspensions of ethereal oils in 96%
C2H5OH in ratio 1:1 had microbistatic effect on all investigated microorga-
nisms, too, but with best results in contact with E. coli O157:H7 ATCC 35150
(inhibitory zone 11 mm) and Bacillus subtilis ATCC BS-30B-0403001 (inhibi-
tory zone 9.67 mm).

All concentrations and pure ethereal oils obtained from Thymus vulgaris
showed microbicide effect on yeasts Candida albicans ATCC 24433 (inhibi-
tory zone 29 mm with pure oil), Candida albicans ATCC 10259 (microbicide
with pure oil and in suspensions 2:1 and 1:1) and Saccharomyces cerevisiae
ATCC 9763 (microbicide with pure oil-inhibitory zone 30.67 mm, and in sus-
pensions 2:1 and 1:1). Similar results were obtained at bacteria Staphylococcus
aureus ATCC 25923 (microbicide effect with pure oil-inhibitory zone 25.33
mm and in suspension 2:1-inhibitory zone 25.67 mm), Listeria monocytogenes
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ATCC 19115 (inhibitory zone 20.67 mm with pure oil), Listeria monocyto-
genes ATCC 19112 (inhibitory zone 22.67 mm with suspension 2:1) and E.
coli O157:H7 ATCC 35150 (microbicide in all cases, in suspension 1:1 inhibi-
tory zone was 50 mm). The best microbistatic influence of suspension 2:1 no-
ticed in the cases of E. coli ATCC 25922 with no any growth, Enterococcus
faecalis ATCC 29212 when inhibitory zone was 58 mm (Fig.1) and Pseudo-
monas aeruginosa ATCC 27853 with inhibitory zone of 53.33 mm. In the pre-
sence of suspension 1:1, the best microbistatic effect appeared at E. coli
O157:H7 12900 without growth, at Bacillus cereus ATCC 11788 with inhi-
bitory zone 59 mm and at Proteus mirabilis ATCC 17576 (inhibitory zone
41.67 mm).

All concentrations and pure ethereal oils obtained from Majorana horten-
sis showed microbicide effect on Staphylococcus aureus ATCC 25923 (inhibi-
tory zone 27 mm in suspension 1:1), Salmonella enteritidis ATCC 31806 (in-
hibitory zone 46.33 mm in suspension 2:1 and 38 mm in suspension 1:1), Sac-
charomyces cerevisiae ATCC 9763 (inhibitory zone 24.67 mm in the presence
of pure oil), Candida albicans ATCC 24433 (inhibitory zone 43.67 mm in
suspension 2:1), Candida albicans ATCC 10259 (with no growth in the pre-
sence of pure oil and suspension 1:1 and with inhibitory zone of 71 mm in the
presence of suspension 1:1), Listeria monocytogenes ATCC 19115 (inhibitory
zone 57 mm in suspension 2:1 and 51.67 mm in suspension 1:1, Fig.2), Liste-
ria monocytogenes ATCC 19112 (inhibitory zone 36.33 mm in suspension
1:1), E. coli O157:H7 ATCC 35150 (inhibitory zone 29 mm in the presence of
pure oil and in suspension 1:1), and E. coli O157:H7 ATCC 12900 (inhibitory
zone of 31 mm in the presence of suspension 1:1). The most intensive micro-
bistatic influence of suspensions of ethereal oils in 96% C2H5OH were in case
of Bacillus subtilis ATCC BS-30B-0403001 (inhibitory zone 50 mm in sus-
pension 2:1 and 45 mm in suspension 1:1), E. coli ATCC 25922 (inhibitory
zone 47 mm in suspension 2:1 and 60 mm in suspension 1:1) and Proteus mi-
rabilis ATCC 17576 (inhibitory zone 47 mm in suspension 2:1 and 52 mm in
suspension 1:1).

All concentrations and pure ethereal oils obtained from Salvia officinalis
showed microbicide effect on yeasts Saccharomyces cerevisiae ATCC 97639
(inhibitory zone 56 mm in the presence of pure oil) and Candida albicans
ATCC 24433 (inhibitory zone 59 mm in the presence of pure oil). In the con-
tact with other investigated microorganisms, pure oil and suspensions of ethe-
real oil in 96% C2H5OH in ratio 2:1 and 1:1 showed microbistatic effect. The
best microbistatic influence of pure oil noticed in the cases of Pseudomonas
aeruginosa ATCC 27853 (inhibitory zone 25 mm) and Bacillus cereus ATCC
11788 (inhibitory zone 15.33 mm). Suspension 2:1 showed the best results in
the contact with Pseudomonas aeruginosa ATCC 27853 (inhibitory zone 15.66
mm), Enterococcus faecalis ATCC 29212 (inhibitory zone 11 mm) and Pro-
teus mirabilis ATCC 17576 (inhibitory zone 11 mm). Suspension 1:1 showed
best results in the contact with Pseudomonas aeruginosa ATCC 27853 (inhibi-
tory zone 9.33 mm) and E. coli ATCC 25922 (inhibitory zone 9.33 mm).

In cases of ethereal oils obtained from Majorana hortensis and Thymus
vulgaris ethereal oils were additionally dissolved in 96% C2H5OH in ratio 1:2
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(1 ml ethereal oil:2 ml 96% C2H5OH) and 1:3 (1 ml ethereal oil:3 ml 96%
C2H5OH), because previous investigations with dissolving of ethereal oils in
96% C2H5OH in ratio 2:1 (2 ml ethereal oil:1 ml 96% C2H5OH) and in ratio
1:1 (1 ml ethereal oil:1 ml 96% C2H5OH) showed very good results. Results
are presented in Table 2.

Tab. 2 — The zone of inhibition procured by presence of ethereal oils in concentrations 1:2 (1 ml
ethereal oil:2 ml 96% C2H5OH) and 1:3 (1 ml ethereal oil:3 ml 96% C2H5OH)

microorganism

Average size of the zone of inhibition in diameter (mm)

Thymus vulgaris Majorana hortensis

s u s p e n s i o n

1:2 1:3 1:2 1:3

Staphylococcus aureus 11.33 11.67
Salmonella enteritidis 10 9 10 11.67
E. coli (O157:H7) 35150 9.67 9.67 11 12.67
E. coli (O157:H7) 12900 10 11.33
Bacillus cereus 19.33 31.67
Listeria monocytogenes 19115 31 37 36.33 36.33
Listeria monocytogenes 19112 38 34 34 42.33
Saccharomyces cerevisiae 27 30.67 21.67 23.33
Candida albicans 24433 27 22 21 26
Candida albicans 10259 84 75 60 45

Suspensions of Thymus vulgaris ethereal oil in 96% C2H5OH in ratio 1:2
and 1:3 showed microbicide effect in contact with all investigated microorga-
nisms except E. coli O157:H7 ATCC 35150 when it was microbistatic with
inhibitory zone 9.67 mm in both concentrations. The best microbicide effect
of these two suspensions appeared when applied on Listeria monocytogenes
ATCC 19112 (inhibitory zone 38 mm in suspension 1:2 and 34 mm in suspen-
sion 1:3) and Listeria monocytogenes ATCC 19115 (inhibitory zone 31 mm in
suspension 1:2 and 37 mm in suspension 1:3).

Suspensions of Majorana hortensis ethereal oil in 96% C2H5OH in ratio
1:2 and 1:3 showed microbicide effect in contact with Staphylococcus aureus
ATCC 25923 (inhibitory zone 11.67 mm in suspension 1:3), Salmonella ente-
ritidis ATCC 31806 (inhibitory zone 11.67 mm in suspension 1:3), Saccha-
romyces cerevisiae ATCC 97639 (inhibitory zone 23.33 mm in suspension
1:3), Candida albicans ATCC 24433 (inhibitory zone 26 mm in suspension
1:3), Candida albicans ATCC 10259 (inhibitory zone 60 mm in suspension
1:2), Listeria monocytogenes ATCC 19115 (inhibitory zone 36.33 mm in sus-
pensions 1:2 and 1:3) and Listeria monocytogenes ATCC 19112 (inhibitory
zone 42.33 mm in suspension 1:3). These suspensions performed microbistati-
cally when applied on Bacillus cereus ATCC 11788 (inhibitory zone 31.67
mm in suspension 1:3), E. coli O157:H7 ATCC 35150 (inhibitory zone 12.67
mm in suspension 1:3), and E. coli O157:H7 ATCC 12900 (inhibitory zone
11.33 mm in suspension 1:3).
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CONCLUSIONS

There are many demands regarding the food safety in modern food pro-
duction. Microorganisms can contaminate the food on different points, from
raw to final product, so producers have to protect the food. Easy, promising
and not harmful way to protect the food could be adding the specific herbs
spices or their ethereal oils, which could be harmonized with flavor, taste and
odor of the particular groceries. Besides, historically it is confirmed that some
ethereal oils possess antimicrobial activities. This could be very important re-
garding the fact that microorganisms become resistant on numerous antibiotics.
By adding some herbs or their ethereal oils in food, it is possible to upgrade
the quality of food and to protect the groceries from unwanted microorga-
nisms.

In this work it was shown that medicinal, aromatic and herbs spice from
Lamiaceae family-sage (Salvia officinalis L.), rosemary (Rosmarinus officinalis
L.), marjoram (Majorana hortensis Moench.) and thyme (Thymus vulgaris L.)
could be used for microbial control of some kinds of food by using pure oils
or suspension in alcohol. As some of tested pathogen microorganisms could be
presented in large numbers, addition of ethereal oils is possibly the good way
to inhibit their growth and they can be used as antimicrobial supplement for
development of new therapeutic agents. Additional in vivo studies and clinical
trials would be needed to justify and further evaluate the potential of ethereal
oils as an antimicrobial agent.
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UTICAJ ETARSKIH UQA EKSTRAKOVANIH IZ BIQAKA FAMILIJE
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Rezime

Kako patogeni mikroorganizmi mogu da se naðu u razliåitim prehrambe-
nim proizvodima, korišãewe prirodnih antimikrobnih komponenata, kao što
su etarska uqa, moÿe da bude vaÿno za wihovo åuvawe. Za procewivawe antimi-
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krobne aktivnosti etarskih uqa ekstrakovanih iz biqaka familije Lamiaceae-
-Rosmarinus officinalis L., Thymus vulgaris L., Majorana hortensis M o e n c h. i Sal-
via officinalis L. posmatran je wihov uticaj na mikroorganizme kontaminente
hrane, bakterije Staphylococcus aureus, Enterococcus faecalis, Proteus mirabilis, Sal-
monella enteritidis, Pseudomonas aeruginosa, Bacillus cereus, Bacillus subtilis, Esche-
richia coli, Escherichia coli O157:H7, Listeria monocytogenes i kvasce Candida albi-
cans i Saccharomyces cerevisiae. Sve ispitivane koncentracije kao i åista etar-
ska uqa Majorana hortensis i Thymus vulgaris pokazala su mikrobicidni efekat
na veãinu testiranih mikroorganizama.
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EFFECTS OF SOME ECOLOGICAL FACTORS
ON DOTHICHIZA POPULEA SACC. ET BR. GROWTH

ABSTRACT: The aim of the present work was to evaluate the mycelial growth and
fruiting vigor of Dothichiza populea Sacc. et Br. under various temperatures, pH values,
and light regimes. Effect of temperature on the fungus growth was examined by growing
isolates in polythermostat at 5°C to 30°C. The best mycelial growth occurred at 20°C,
while at 30°C it was inhibited. Fruiting of the fungus was not observed at 5°C, 25°C, and
30°C. However, the best fruiting of the isolates appeared at 20°C. The influence of different
pH of the cultivation medium (3,5—10) on the fungus isolates growth was also evaluated.
Optimal pH for the fungus growth ranged between 6 and 8, while formation of reproductive
organs occurred at all pH values. The influence of two light regimes (light/dark regime and
continuous dark) on the fungus growth was also studied. Obtained results showed that
mycelial growth and fruiting of the fungus were considerably better under the light/dark re-
gime.

KEY WORDS: Dothichiza populea, ecological factors — temperature, pH, light re-
gime

INTRODUCTION

During the second half of the 20th century fungus Dothichiza populea
Sacc. et Br. has attracted considerable attention of scientists in our country and
abroad (B u t i n, 1957, T a r i s, 1957, D o n a u b a u e r, 1957, H u b b e s,
1959, M a g n a n i, 1959, M a r i n k o v i ã, 1965, G o j k o v i ã, N., 1981,
A v r a m o v i ã, 1988). A remarkable portion of these authors' investigations
was directed to elucidate effect of different external and internal factors on its
life cycle. It is known that the fungus actively responds to various external in-
fluences by producing or “filtering" of varieties compatible with those condi-
tions. It is supposed that the fungus population comprises subpopulations or
varieties (isolates) differing in their response to environmental influences. Res-
ponses of isolates to various temperatures, pH, and light regimes were evalua-
ted in vitro, in order to study their ecological characteristics.
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Considering that these factors also affect the host organism of the parasite
fungi, it is not convenient for these investigations to be carried out in the envi-
ronment. Hence, these investigations were performed at in vitro laboratory. Of
course, effects of the environmental factors could not be completely realistic
evaluated on the base of obtained results, but information about the importance
of a certain factor for the fungus growth in vitro is valuable. Besides, these re-
sults do not have to be in accordance with the situation in nature, where fac-
tors other than mentioned also influence the fungus and its host plant, positi-
vely or negatively.

MATERIAL AND METHODS

The Dothichiza populea isolates were provided from the infected seed-
lings, originating from Experimental Estate of the Institute for Lowland Fo-
restry and Environment — Novi Sad and from different localities in Vojvodi-
na. Studies of the fungus ecological characteristics were performed using six
isolates. Five of them (isolates 229, 1004, 447, 103/92, and 1—5) originate
from the Institute's Experimental Estate, while isolate 214 Bå originates from
Beåej.

All laboratory experiments started with sowing of the mycelial fragments
(size 5 mm) on the carrot medium. Experiments were performed in four repli-
cates, with five Petri dishes in each of them. In order to estimate the mycelial
growth, the diameter of the colonies was measured at certain time intervals.
The growth of D. populea was measured until the colony in whichever Petri
dish covered the complete area of the medium. The presence of aerial and sub-
strate mycelia, as well as form and appearance of the colonies, were evaluated
by visual observation, during the period of the growth measurements.

Effects of temperature on the fungus growth were examined by growing
isolates on the carrot culture medium in polythermostat at 5°C, 10°C, 15°C,
20°C, 25°C, and 30°C. This method for evaluation of different temperatures
impact on the pathogen growth under laboratory conditions was used by many
authors (M a g n a n i, 1959, M a r i n k o v i ã, 1965, M a r k o v i ã, 1970, A r -
s e n i j e v i ã and V e s e l i ã, 1997, K e å a, 2001). The diameter of the colo-
nies was measured 5, 12, and 16 days after the experiment beginning.

The pH values of the carrot culture medium were 3, 5, 5, 6, 7, 8, 9, and
10. Prior to sterilization, pH was adjusted using the pH meter, by adding 1N
NaOH or HCl. Isolates were cultivated at 20°C, and the diameter of their colo-
nies was measured after 5, 12 and 16 days, as suggested by other authors:
A r s e n i j e v i ã (1963), M a r k o v i ã (1970), B o r i ã (1985), V u å i n i ã
(1991), A r s e n i j e v i ã and V e s e l i ã (1997).

The influence of two lighting conditions (light/dark regime and conti-
nuous dark) on the fungus growth was also studied. The light/dark regime was
performed in a 12-hour photoperiod. In both light regimes, the fungus was cul-
tivated on the carrot medium at 20°C, while relative humidity was 65%—70%.
After sowing, isolate 447 was cultivated in the climate chamber under light/
dark regime, while mycelium exposed to total darkness was grown in the incu-
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bator. Observations and measurements of the colony diameter were done after
7, 11, and 14 days, according to the method of V u å i n i ã (1991).

RESULTS

Influence of different temperatures on the fungus growth

Appearance of the colonies

Colonies of all isolates formed thin, white, circular shaped mycelia, at
5°C. At higher temperatures (10° and 15°C), colonies formed denser and more
compact mycelia, having a typical look of colonies formed on the carrot cul-
ture medium at 20°C. Significant differences in appearance of the colonies at
20°C and 25°C were not found. Dirty-white plates of the aerial mycelium
occurred around the primary inoculum at 30°C.

Fruiting of the isolates

With exception of the isolate 1—5, all others formed stromata with pyc-
nidia. The fruiting bodies were formed at 10°C, 15°C, and 20°C after 45 days
(Tab. 1). The isolates showed the greatest fruiting at 20°C. At this tempera-
ture, fructification of isolates 214Bå, 1004 and 447 was intensive, of isolate
229 moderate, while of isolate 103/92 mild. The fruiting intensity was weaker
at lower temperatures, with exception of the isolate 103/92 which showed an
uniform poor fruiting at temperatures ranging from 10°C to 20°C.

Tab. 1 — Influence of different temperatures on the fruiting intensity of D. populea isolates after
45 days of cultivation

Temperature

Isolates
229 214Bå 1004 447 103/92 1—5

5°C — — — — — —
10°C + + + ++ + —
15°C ++ ++ ++ +++ + —
20°C ++ +++ +++ +++ + —
25°C — — — — — —
30°C — — — — — —

In this experiment, temperature conditions significantly affected growth
and characteristics of the studied isolates in all time intervals.

Growth of the colonies

According to results regarding the diameter of the colonies after 5 days of
cultivation (Tab. 2), it could be seen that applied temperatures markedly influ-
enced the rate of the colonies growth. The greatest growth isolates exhibited
at 20°C; lower or higher temperatures decreased their growth. A negligible
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growth of mycelium was observed at 5°C, 10°C, and 30°C. The isolate 447
was characterized by the highest values of the average diameter of the colony
at almost all temperatures (Fig. 1). Lower values were recorded for isolates
103/92, 1004 and 229, whose diameters were similar. Isolates 214Bå and 1—5
had the weakest mycelial growth. After 5 days at 30°C, growth of the colonies
was thoroughly stopped.

Influence of various temperatures on the average diameter of the colonies
cultivated for 5—12 days was pronounced. The colony growth was the great-
est at 20°C, while at 25°C and 15°C it was significantly weaker. The lowest
values were measured at 10°C and 5°C. The order of the isolates was changed
after this period. The fast growth of isolate 214Bå caused this situation, be-
cause values of its average diameter were equal or higher than of isolates
103/92, 1004 and 229. The lowest values were recorded for isolate 1—5.

The last measurements were performed on the 16th day. The influence
and order of the average values obtained for temperature intervals were not
changed. Differences in growth between isolates were evident. Isolates 103/92
and 214Bå showed better growth and differentiation than 1004 and 229.
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Fig. 1 — Growth of isolate 447 at different temperatures after 17 days of cultivation
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Influence of different pH values of the cultivation medium
on the fungus growth

In this experiment, changes of the colony appearance, color of the aerial
and substrate mycelia and fruiting intensity, caused by different pH values of
the cultivation medium were described.

Appearance of the colonies

A grayish-brown pigmentation of the colony center occurred in isolate
229, following 11 days of cultivation at pH 3.5 and 5 (Fig. 2). At the same
time, pigmentation of the substrate mycelium was more pronounced at lower
pH.

Colonies of the isolate 1004 formed a discrete rings of the aerial myce-
lium at pH 3.5, 5 and 10 (Fig. 2). At pH between 6 and 9, colonies were iden-
tical in their morphology (uniform density on the entire area).

Observation of the colonies formed by isolate 447 revealed irregular, am-
biguous, ring-shaped increase of the aerial mycelium at pH 3.5 and 5 (Fig. 2).
All colonies had the same morphological characteristics at pH 6—10.

Isolates 214Bå, 103/92, and 1—5 have retained their primary appearance
at all pH values (3.5—10).
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Fig. 2 — Appearance of the D. populea colonies at pH 3.5 after 16 days of cultivation (original)



Fruiting of the isolates

Isolates formed exclusively stromatic aggregations with pycnidia. Isolate
229 produced fruiting bodies under all pH conditions (Tab. 3). After 30 days,
a water drops occurred on the colonies. Pillow-shaped, blackish-brown agglo-
merations of hyphae, i.e. stromatic aggregations with pycnidia were formed
under these drops. This isolate showed a vigorous fructification at pH 5 where
stromata were formed. In addition, fructification was intensive at all pH values.
Isolate 214 Bå produced a corpulent stromatic bulk following 35 days of culti-
vation, under all pH conditions. Fruiting was very intensive at pH 3.5—8, and
weaker at pH 9 and 10 (Fig. 3).

Tab. 3 — Influence of the cultivation medium pH on fruiting intensity of D. populea isolates

pH

Isolates
229 214Bå 1004 447 103/92 1—5

pH 3.5 +++ +++ + ++++ — —
pH 5 ++++ ++++ ++ ++++ — —
pH 6 +++ +++ +++ +++ — —
pH 7 +++ +++ +++ +++ — —
pH 8 +++ +++ ++ +++ — —
pH 9 +++ ++ ++ +++ — —
pH 10 +++ ++ + ++ — —
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Fig. 3 — Fruiting of the isolate 214 Bå at different pH after 45 days of cultivation



The best fruiting of isolate 1004 was found at pH 6 and 7. With increase
or decrease of pH, intensity of fructification evenly decreased (Tab. 3). Fruit-
ing bodies were formed following 4 weeks of cultivation.

After 20 days, isolate 447 produced stromata at all pH values. Stromata
were situated on the entire area of the colonies. Fructification was very inten-
sive at pH 3.5 and 5, and numerous, irregularly shaped stromata provided a
very specific appearance of the colonies. At pH 6—9, colonies had a similar
fruiting intensity, characterized by strong fructification. Fruiting was evaluated
as moderate only at pH 10. Fruiting bodies have not been formed at colonies
of isolates 103/92 and 1—5.

Occurrence of the fruiting bodies at all pH values was observed in four
isolates. However, two isolates failed to form reproductive organs. Isolates
229, 214Bå and 447 exhibited medium to very intensive fructification under
all pH conditions. Cultivation media with acid reaction (pH 3.5 and 5) have
stimulated fruiting of the isolates mentioned above. The best fruiting of isolate
1004 was found on neutral and slightly acid cultivation medium, and it de-
creased along with changes of pH values (increase or decrease).

Overall, colonies of D. populea isolates grew at a wide range of pH values.

Growth of the colonies

The mycelial growth after 5 days of cultivation was recorded under all
pH conditions (Tab. 4). In this period, significant differences between average
diameters of colonies at pH 3.5—8 were not found. Cultivation media with pH
9 and 10 markedly slowed down growth of the colonies. Isolates 103/92, 44,
and 214Bå were grouped on the basis of great colony diameter, in comparison
to isolates 1004, 22, and 1—5 (Tab. 4).

The results obtained following 12 days of the isolates cultivation eluci-
dated high divergence of the average diameter of colonies at different pH.

Cultivation medium with pH 7 had the most beneficial effect on the co-
lony growth. A very good growth was observed at media with a slightly alka-
line (pH 8) and a slightly acid (pH 6) reactions. Average diameters of the co-
lonies at pH 5 and 9 were smaller than those obtained at pH 6, 7, and 8. The
slowest colony growth occurred on extremely acid medium (pH 3.5) and on a
very alkaline medium (pH 10). At this period, colonies of isolates 103/92 and
447 showed the best growth under all pH conditions, when compared to others.
Isolate 214Bå grew considerably slower than above mentioned ones (103/92
and 447). Isolates 1004, 229 and 1—5 constituted a group, characterized by
slow growth of their colonies. Colonies of isolate 1—5 thrived well on a
slightly acid media (pH 3.5 and 5), while on other media, their growth was the
weakest (Tab. 4).

Results obtained on the 16th day, related to the growth characteristics at
various pHs, have not revealed changes of relationship between their values, in
comparison to the previous period. Alterations of the isolates order and of re-
lations between the average colony diameters were not evident.
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Influence of light regime on the fungus growth

Appearance and fruiting of the colonies

Following 10 days of the light/dark regime, detached drops of water oc-
curred on the colonies. They were arranged in a ring-shape manner, in area
around the primary inoculum. After 15 days, numerous drops occupied the
whole area around the fragment, which was 3—4 cm in diameter. Black con-
centrically arranged stromatic aggregations were formed below them. Fruiting
was characterized by strong fructification. In this zone, aerial mycelium was
grayish, while color of the substrate mycelium varied from pale yellow to
brown. Out of this zone, both aerial and substrate mycelia were white. Conco-
mitantly, pigmentation and water drops were not observed on the colonies cul-
tivated in total darkness. However, the first drops were formed on these colo-
nies after 20 days of cultivation, while stromatic aggregations after four weeks.
The stromata were mainly uniformly spaced on the colony area, while fructifi-
cation was intensive (Fig. 4). Therefore, the fruiting bodies appeared earlier
and were more abundant on the colonies cultivated under the light/dark regime
than in total darkness.

Growth of the colonies

Colonies exposed to the light/dark regime exhibited slower mycelial growth
and markedly lower average values of their diameter for the first 7 days of
cultivation, than those exposed to total darkness (Tab. 5).
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Fig. 4 — Appearance of colonies of isolate 447 exposed to various light regimes
after 14 days of cultivation (orig.)



Average values of the colony diameter, obtained after the second mea-
suring period (i.e. after 11 days), indicated changed mycelial growth, and rela-
tionships between the varieties. In this period of cultivation, the light/dark re-
gime induced a rapid increment of the mycelial growth, and differences bet-
ween these colonies and those cultivated in total darkness became evident
(Tab. 5).

Tab. 5 — Impact of light regimes on the mycelial growth of D. populea on the carrot cultivation
medium

Isolate

Mycelial growth

Light/dark cycle Total darkness

Average diameters of the colonies after 7,11 and 14 days of cultivation (mm)

7 11 14 7 11 14

447 31.9 63.6 81.3 38.7 58.8 71.5

Growth of the colonies under the light/dark regime remained very fast
and dynamic in the last measuring period. According to average values of their
diameters, variability between varieties became more evident.

DISCUSSION

Impact of temperatures, pH, and light regime, i.e. important ecological
factors, on the fungus growth was studied in this work.

Effect of temperature on the fungus growth and development spontaneous
and artificial infection of plants under both natural and in vitro conditions
were studied by numerous authors. These investigations mainly referred to de-
termination of temperatures optimal for the fastest mycelial growth and the
best fruiting, in both the culture and plant tissue. Some authors have investi-
gated impact of temperature on the fungus, using a wide range of values.

D o n a u b a u e r (1957) reported that optimal temperatures for the fun-
gus growth in the culture were 20—22°C. Investigations were performed in
Austria with isolates obtained from poplar plantations established on alluvium
of the Danube. According to our results, the minimum limit of temperature re-
ported by this author was optimal for the fungus growth in the culture.

Giving the retrospective view of the massive infection of poplars by D.
populea, during 1956 in Croatia, B ö h m (1957) found that optimal tempera-
ture was 18°C. He connected occurrence of epidemic spread of fungus with
high mean daily temperatures during spring. These climate conditions were be-
neficial for the parasite growth, but unfavorable for physiological processes of
plants, and massive infection occurred. Temperature reported by this author
was lower than optimal values for the fungus growth obtained in our work.

In his doctoral thesis, M a r i n k o v i ã (1965) studied characteristics of
the fungus at temperatures ranging from 11 to 28°C, when mycelial physiolo-
gical activity was high. Taking into consideration mean daily increment of the
mycelia, the author concluded that optimal temperature was 23°C. This value
was higher than that from our investigation.
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Decrease of the moisture content in bark of poplar trees by 10% made
them susceptible to D. populea attack at 20°C (B u t i n, 1957). Such results
could be explained by high aggressiveness of the fungus at temperatures opti-
mal for growth of its vegetative organs.

The mycelial growth at different temperatures (0°C—35°C) has been stu-
died by M a g n a n i (1959). The fastest growth of the colonies occurred at
25°C, and they reached the greatest dimensions after 15 days of cultivation.
The temperature was higher for several degrees than that obtained in our work.

K e å a (2001) investigated mycelial growth on MEA cultivation medium
(malt extract agar) using temperatures from –1 to 35°C. The author found that
temperatures between 22 and 26°C were optimal for the fungus growth. These
values are higher than those obtained in our experiment, as well as in investi-
gations of other authors.

According to average values of the colony diameter for all intervals (Tab.
2), the greatest values were reached at 20°C. Hence, we have supposed that
this temperature and values close to it were optimal for the mycelial growth.

A very good growth of D. populea isolates at 5°C, 10°C, and 15°C was
not a surprise, because the best growth in cortical tissues of plants in nature
occurs in early spring, when temperatures range between 18°C and 22°C.
Cambial activity does not occur at –1°C, but growth of the fungal mycelium
and hyphae begins. Minimal reactions of cambium are possible at +5°C, when
activity of the fungus is already high. This enables the fungus growth, which
causes cell and tissue necrosis even at very low temperatures. According to
H u b b e s (1959), reactions of plants become more intensive than the activity
of the fungus at 15°C. Studying artificial infections in laboratory, this author
found particularly great number of infections at temperatures below 12°C, sug-
gesting a good adaptation to these temperatures. Z y c h a (1955) have descri-
bed a good mycelial development and growth in the cambium at +4°C, cau-
sing death of the cells.

There is a disagreement about the maximum temperatures compatible
with the fungus growth between our and other authors' results. Following se-
veral days of minimal growth at 30°C, the mycelial growth was completely re-
tained (Tab. 2). However, the mycelium was still alive after 16 days at this
temperature. Several days after the transfer of Petri dishes into incubator at
20°C, it continued the normal growth, meaning that previous period was the
stage of hypobiosis, i.e. of stagnancy. The same results were reported by K e å a
(2001), who have studied the influence of different temperatures on the myce-
lial growth. In contrast to our results, D o n a u b a u e r (1957) and K e å a
(2001) observed week, but monotonous and continuous growth during the en-
tire period of cultivation at 30°C. The upper temperature limit, where the my-
celial growth stops, amounts 32°C (D o n a u b a u e r, 1957) i.e. 33°C (K e å a,
2001). Similar to these authors, M a g n a n i (1959) described a good myce-
lial growth at 30°C for 15 days, while the mycelium failed to grow at 35°C.

The literature data related to effects of pH on the fungus growth have
elucidated the basic characteristics of the fungus at detached pH values of the
nutrient medium (H u b b e s 1959, M a g n a n i 1964, B r e n d e l 1965, G o j -
k o v i ã 1981).
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H u b b e s (1959) noticed that growth of D. populea in the Czapek-Dox
nutrient solution was slow at pH 3.6, while the adjustment of pH at 5.2 has
significantly increased the dry mass of the mycelium. In our experiment, the
fungus grew well at pH 3.5, but we used the nutrient medium for its cultiva-
tion, in contrast to this author, who used the nutrient solution.

The mycelial growth was intensive at solid medium containing a poplar
bark extract at pH 5.2—5.6 (B r e n d e l, 1965), while M a g n a n i (1964)
and G o j k o v i ã (1981a) observed the best mycelial growth at the carrot cul-
tivation medium at pH 6. Results of these authors suggest the beneficial effect
of a slightly acid media on the mycelial growth. Results at Tab. 4 confirmed
that pH 6 was the optimal in our experiment, while good growth of the colo-
nies occurred also at pH 7 and 8.

V e l d e m a n and W e l v a e r t (1956) and T a r i s (1957) explored
physiological activity of the fungus at different pH, and their investigations
were focused on the germination of spores and growth of the initial hyphae.
Spores were germinating even at pH below 3.5, while at 8.5 germination was
stopped. These authors found that optimal pH for germination of spores was
4—6.4.

Effect of different pH values (1.9—9) on the spore germination and
growth of the initial hyphae was studied by T a r i s (1957), who reported that
germination occurs at pH 4—7, while the optimum was at pH 6.1. In addition,
he has noticed a good growth of the initial hyphae at this pH. Taking into con-
sideration the above-mentioned facts, it could be concluded that growth of the
initial hyphae and spore germination occur at several pH values, while the
range of optimal values for the mycelial growth obtained in our work was
wider. This disagreement resulted from differences in analyzing of parameters
between experiments. The above-mentioned authors studied physiological acti-
vity of reproductive organs (spores) and growth of the initial hyphae, unlike
our experiment where the mycelial growth in the culture have been determined
under different conditions.

The average colony diameter of the isolates (Tab. 4) was high not only
on media with a very acid reaction (pH 3,5), but also with high concentration
of H ions (pH 9 and pH 10).

Of many authors who have studied ecological characteristics of the fun-
gus, only T a r i s (1957) has been interested in the impact of light on its de-
velopment. Experiments of this author were related to spore germination and
growth of the initial hyphae. Spores exposed to total darkness for three days
showed higher percentage of germination and manifold longer initial hyphae
than variants exposed to continuous light or a light/dark regime. Besides, the
hyphae formed in total darkness were thin, thread-like, with rare branching, in
contrast to a dense, branching hyphae formed at continuous light and a normal
alteration of day and night. The author considered that the winter period with
reduced light contributed to the success of infection. Results of our experiment
showed that the mycelial growth and fruiting were considerably better at
light/dark regime than in total darkness. These results could partly be compa-
red with those of T a r i s (1957) because of the differences in analyzing of
parameters. However, there are some agreements between experiments. The
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mycelial growth in total darkness was better than at light/dark regime during
the first days of experiment, similar with results obtained by T a r i s (1957),
who measured growth of the initial hyphae.
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UTICAJ NEKIH EKOLOŠKIH FAKTORA NA RAZVOJ
DOTHICHIZA POPULEA SACC. ET BR.
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Institut za nizijsko šumarstvo i ÿivotnu sredinu
Antona Åehova 13, Novi Sad, Srbija

e-mail: predragpap@ptt.yu

Rezime

Prouåavan je uticaj razliåitih temperatura, pH vrednosti i reÿima sve-
tla na razvoj micelije i snagu plodonošewa Dothichiza populea Sacc. et Br. Uti-
caj temperature na razvoj gqive ispitivan je gajewem izolata u politermostatu
na temperaturama od 5 do 30°S. Najintenzivniji porast micelije je bio na 20°S,
dok je na 30°S razvoj bio prekinut. Najveãi intenzitet plodonošewa izolati su
ispoqili na 20°S, a gqiva nije plodonosila na 5, 25 i 30°S. Prouåavan je i
uticaj razliåitih pH vrednosti u podlozi na razvoj izolata gqive u rasponu od
3,5 do 10 pH. Optimalna pH vrednost podloge za porast kolonija gqive kretala
se u intervalu od 6 do 8. Reproduktivni organi su se obrazovali pri svim pH
vrednostima. Uticaj svetlosti na razvoj gqive je ispitan u uslovima smene sve-
tla i tame i uslovima potpune tame. Rezultati su pokazali da su porast miceli-
je i plodonošewe gqive bili znaåajno veãi pri smewivawu svetla i tame nego
u uslovima tame.
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INFLUENCE OF DIFFERENT TYPES
OF SURGICAL SUTURE MATERIAL ON THE INTENSITY

OF TISSUE REACTION IN ORAL CAVITY

ABSTRACT: Throughout the history the most diverse suture material have been used
for closing and suturing surgical wounds. The four basic features of suture material are des-
cribed: knot safety, stretch capacity, tissue reactivity and wound safety. Tissue reaction,
even the minimum one, which develops during the first to seven days after applying the su-
ture in the tissue.

The aim of this study was to investigate influence of a monofilament suture material
(nylon) on the intensity of local tissue reaction in experimental conditions, and to compare
it with the multifilament suture used in the routine practice of oral surgery (silk).

This investigation is a prospective experimental study carried out on Wistar rats. The
experiment included 30 animals, in which Black Silk (thickness 4-1) and Nylon (thickness
4-0) were applied in the upper and lower jaw, respectively.

To monitor tissue reaction on different suture materials the following parameters
were used: coagulum formation, presence of polymorphonuclear leukocytes, presence of
macrophages and granuloma, formation of epithelial bridge and connective tissue, collagen
synthesis, granulomatous tissue formation and presence of fibrous tissue.

After comparing parameters for the intensity of tissue reaction to the investigate su-
ture materials by suturing the oral mucosa, certain advantage could be given to the monofi-
lament suture materials.

KEY WORDS: suture material, tissue reaction, oral cavity

INTRODUCTION

Surgery is as old as the mankind, and use of sutures dates back to the
times of earliest human knowledge in the field of surgery (6, 7, 8).

Throughout the history the most diverse suture material have been used
for closing and suturing surgical wounds. The most ancient suture materials in-
clude animal tendons and hairs, as well as herbal fibers such as linen, hemp,
and different grass species. Some Egyptian papers, dating back some 5000
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years ago, display scenes of suturing wounds with linen fibers. A famous Ro-
man medicus, Galen, introduced sutures made of animal intestines into the sur-
gery (6, 7, 8).

Since Renaissance times until 1940 there were substantial changes with
respect to the kind of suture materials used, which involved catgut, cotton and
surgical silk. The first synthetic suture materials were nylon and polyester,
produced in the 1940's. Soon afterwards polyethylene and polypropylene were
developed. In 1970 the polyglycolic acid was “put on stage," which is known
under the licensed name DEXON (Davies+Geck inc., Great Britain). During
197, the polyglactine 910, which is an essential component of the VICRYL-a
(Ethicon Inc., Great Britain), was put on market (6, 7, 8).

The four basic features of suture material are knot safety, stretch capacity,
tissue reactivity and wound safety. Knot safety implies capacity of suture ma-
terial to retain the strength and firmness of the knot, without slackening in the
unit of time. It is reverse-proportional to a suture thickness, and directly pro-
portional to its quality and functional output. Stretch capacity of the suture
material is defined as a stretch power capacity per unit of area. The wound
safety is directly related with suture capacity that is required for safe healing
of the wound. Tissue reaction is reflected through an inflammatory reaction,
even the minimum one, which develops during the first two to seven days
after stitch application into the tissue (6, 7, 8).

The wound healing process encompasses three basic stages — the inflam-
matory, fibroblastic and remodeling ones. The inflammatory phase begins at
the moment of injury, and lasts 3—5 days provided that there is no prolonged
inflammation. The main characteristic of the wound in this phase is formation
of fibrins of decreased firmness. During the stadium of fibroblastic phase, the
fibrin bands permeate the wound building a frame, on which fibroblasts accu-
mulate the ground substance and tropocollagen. Despite poor collagen syn-
thesis, the firmness of the wound increases rapidly during the fibroblastic sta-
dium, lasting 2—3 weeks. At the end of this phase, the wound becomes tight
— because of excess collagen, erythematous — because of high degree of vas-
cularization and capable to withstand 70%—80% of the tension of a healthy
tissue. During the remodeling phase, substantial amounts of randomly depo-
sited collagen fibers are eliminated and replaced by new fibrils, arranged in a
pattern that enables higher firmness of the wound. In this stadium the firmness
of the wound increases, yet not exceeding the rate of 80—85% of the firmness
of a healthy tissue. (6, 7, 8).

THE AIM

The aim of this study was to investigate influence of a monofilament
suture material (nylon) on the intensity of local tissue reaction in experimental
conditions, and to compare it with the multifilament suture used in the routine
practices of oral surgery (silk).
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MATERIAL AND METHODS

The investigation was performed on 30 Wistar rats, aged 3—6 months
and with body mass ranging 250—350 g. All experimental animals were dis-
tributed into the 3 groups of 10 animals each, according to the time of samp-
ling during the postoperative period (day 2, day 5, and day 7).

On a day of surgery, each animal was anesthetized with 10% urethane (1
ml per 100 gr. body mass). The research design implied making two mucope-
riosteal flaps in the anterior segment, i.e. on the right side in the upper jaw
and on the left side in the lower jaw. A mucoperiosteal flap was produced by
horizontal incision in the attached gingiva, and two vertical relaxation inci-
sions. Horizontal incision was placed 5 mm from the gingival margin. Flap
mobilization was performed using Freer raspatorium. Each animal undergone
cortex trepanation in the line with the tooth root, interradicularly. Cortex trepa-
nation was performed using round steel borer, 3 mm in diameter, with abun-
dant douching of the drill and working area with sterile physiological saline.
Each flap was ecarted for 15 minutes, and then returned to its original location
and sutured.

The following suture materials were used: (1) monofilament synthetic
material (Nylon®), thickness 4/0, needle with thread, round bodied, curvature
3/8 circle “DR 25"; (2) polyfilament natural silk material (Black Silk®), thick-
ness 4/0, round bodied needle with thread, curvature 3/8 circle “DR 25" (non-
traumatic).

In each animal both types of sutures were used, i.e. monofilament in one
jaw and polyfilament in another jaw. Each mucoperiosteal flap was sutured
with four stitches (with fourfold knot), two in the horizontal, and one in each
vertical incision. After suturing, a gauze tampon was placed onto the wound,
followed by a digital compression in order to induce hemostasis and to prevent
development of hematoma.

The second procedure (Days 2, 5 or 7 upon first surgery, depending on
the experimental group), performed in general anesthesia with 10% urethane,
encompassed excision of mucoperiosteal portion from the surgery region along
with the suture material. The obtained preparations were fixed in 70% alcohol
and subjected to histopathological analysis.

To monitor tissue reaction to suture materials the following parameters
were used: coagulum formation, presence of polymorphonuclear leukocytes,
presence of macrophages and granuloma, formation of epithelial bridge and
connective tissue, and presence of fibrous tissue.

Statistical analysis of the obtained results was performed by scaling
non-parametric data using Lancaster contingency tables, multivariate and uni-
variate analysis, (MANOVA and ANOVA), and Student's t-test in proportions.

RESULTS

On a day 2 post-surgery presence of coagulum, i.e. fibrous clot, was ob-
served in all animals from the experimental and the control groups (Table 1).
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Identical results were recorded in both groups with respect to the presence of
polymorphonuclear leukocytes (in all suture types), presence of granuloma (no
evidence of granuloma in neither of the investigated groups), as well as epithe-
lial bridge formation, collagen synthesis and presence of fibrous tissue (obser-
ved in neither of the investigated groups). As regard to the presence of macro-
phages in the wound, they were not observed only in two animals from the
experimental group, whereas they were detected in all remaining animals on a
day 2 post-surgery.

Tab. 1 — Prevalence of tissue reaction parameters on day 2 post-surgery

Group Tissue
reaction rate*

Tissue reaction parameters**

Koag Pnm Mfg Gran Epit Vzvn Sink Grnt Fibt

Exp.
0. 0 0 2 10 10 2 10 0 10
1. 10 10 8 0 0 8 0 10 0

Control.
0. 0 0 0 10 10 10 10 10 10
1. 10 10 10 0 0 0 0 0 0

* — 0. — Absent
1. — Present

** — Koag — coagulum formation
Pnm — presence of polymorph leukocytes
Mfg — presence of macrophages
Gran — presence of granuloma
Epit — epithelial bridge formation
Vzvn — connective tissue formation
Sink — collagen synthesis
Grnt — presence of granulomatous tissue
Fibt — presence of fibrous tissue

Granulomatous tissue and fibroblasts, however, were not detected in nei-
ther animal from the control group, whereas present in all, or almost all, ani-
mals in the experimental group (Table 1). Statistical analysis of the obtained
data revealed high statistically significant difference between the experimental
and the control group with respect to presence of fibroblasts and granuloma-
tous tissue in the area surrounding the suture material. As regards the presence
of macrophages, differences between investigated groups were not statistically
significant (Table 2).

Tab. 2 — Significance of the difference in tissue reaction to different suture materials on day 2
post-surgery

R R2 x F p koef. disk.

MFG .333 .111 .316 2.034 .171 317.56
VZVN .816 .667 .632 34.421 .000 350.21
GrnT 1.000 1.000 .707 2630.919 .000 328.29

Cr = .203
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Tab. 3 — Prevalence of tissue reaction parameters on day 5 post-surgery

Group Tissue
reaction rate*

Tissue reaction parameters**

Koag Pnm Mfg Gran Epit Vzvn Sink Grnt Fibt

Exp.
0. 0 0 0 10 0 0 0 0 0
1. 10 10 10 0 10 10 10 10 10

Control
0. 0 0 0 3 1 1 1 0 0
1. 10 10 10 7 9 9 9 10 10

* — 0. — Absent
1. — Present

** — Koag — coagulum formation
Pnm — presence of polymorph leukocytes
Mfg — presence of macrophages
Gran — presence of granuloma
Epit — epithelial bridge formation
Vzvn — connective tissue formation
Sink — collagen synthesis
Grnt — presence of granulomatous tissue
Fibt — presence of fibrous tissue

On day 5 post-surgery in all 10 animals from the control and experi-
mental groups the presence of coagulum was observed, i.e. formation of a fi-
brous clot, as well as presence of polymorphonuclear leukocytes, macrophages,
granulomatous and fibrous tissue. Certain differences in tissue reactions were,
though, observed with respect to the presence of granuloma in the wound, for-
mation of epithelial bands (epithelial bridge) and connective tissue, as well as
collagen synthesis (Table 3). However, statistical analysis of the obtained re-
sults revealed statistically significant difference only for the presence of granu-
loma in the wound (Table 4).

Tab. 4 — Significance of the difference in tissue reaction to different suture materials on day 5
post-surgery

R R2 CHI F p

GRAN .734 .538 .592 21.000 .000 .95
EPIT .229 .053 .224 1.000 .331 .00
VZVN .229 .053 .224 1.000 .331 .00
SinK .229 .053 .224 1.000 .331 —

Cr = .216
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Tab. 5 — Prevalence of tissue reaction parameters on day 7 post-surgery

Group Tissue
reaction rate*

Tissue reaction parameters**

Koag Pnm Mfg Gran Epit Vzvn Sink Grnt Fibt

Exp.
0. 0 0 0 10 0 0 0 0 0
1. 10 10 10 0 10 10 10 10 10

Control
0. 0 0 0 9 0 0 0 0 0
1. 10 10 10 1 10 10 10 10 10

* — 0. — Absent
1. — Present

** — Koag — coagulum formation
Pnm — presence of polymorph leukocytes
Mfg — presence of macrophages
Gran — presence of granuloma
Epit — epithelial bridge formation
Vzvn — connective tissue formation
Sink — collagen synthesis
Grnt — presence of granulomatous tissue
Fibt — presence of fibrous tissue

On day 7 post-surgery eight investigated parameters were recorded in all
ten experimental animals from both investigated groups (Table 5). Minor di-
vergence between the groups was observed only about the presence of granu-
loma in the wound (noticed only in one case in the control group), yet this dif-
ference was not statistically significant (Table 6).

Tab. 6 — Significance of the difference in tissue reaction to different suture materials on day 7
post-surgery

R R2 CHI F p

GRAN .229 .053 .224 1.000 .331

Cr = .183

Comprehensive statistical analysis revealed that on days 5 and 7 both
experimental groups exhibited identical characteristics (Table 7), whereas cer-
tain variations were observed in the control group (Table 8).

Tab. 7 — Distance in the experimental group between all three days post-surgery

Day 2 Day 5 Day 7

Day 2 .000 22.836 22.836
Day 5 22.836 .000 .000
Day 7 22.836 .000 .000

Tab. 8 — Distance in the control group between all three days post-surgery

Day 2 Day 5 Day 7

Day 2 .000 10.292 10.831
Day 5 10.292 .000 1.703
Day 7 10.831 1.703 .000
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DISCUSSION

Analysis of the obtained results suggests that suturing with monofilament
synthetic material (nylon) induces more rapid initiation of reparatory and rege-
nerative processes in the body in comparison with the polyfilament natural
material (silk). The aforementioned premise is strongly supported by the facts
on the presence of connective tissue, i.e. fibroblasts and granulomatous tissue,
in the wound sutured with monofilament material. Similar results after parallel
testing of several suture materials, carried out on rats in experimental settings,
were reported by O k a m o t o et al.7, 8 and by other authors.3, 9, 11, 12

However, the available data do not confirm effects of the applied suture
materials on the persistence of fibrous clot in the wound five days post-sur-
gery, or later. Nevertheless, the obtained results strongly indicate the continual
progress of reparatory processes involving all cell elements necessary for an
undisturbed wound healing in the group, in which monofilament suture mate-
rial was used.

In the control group, in which polyfilament natural suture material was
used, a delayed activation of reparatory processes is observed. Though such
processes were not apparent on day 2 post-surgery, the tissue reaction on day
5 was almost completely equal to the reparatory processes observed after ap-
plication of monofilament nylon suture. Such a delayed, yet intensified tissue
reaction, was described by numerous authors.2, 3, 7, 8, 10, 12 Formation of granu-
loma, as an inflammatory reaction associated with the occurrence of giant cells
surrounding the foreign body on day 5 post-surgery, can be explained because
of multifilament silk material that may enable “wicking" of bacterial orga-
nisms in the interstices of the braided structure, as well as marked capillary
action associated with liquid absorption and volume changes.4—6

Comparative postoperative analysis of experimentally created wounds su-
tured with monofilament or polyfilament suture material confirmed more rapid
reestablishment of reparative processes when using monofilament material,
reaching the peak value on day 5 and proceeding continually until the end of
the investigation period. Application of polyfilament suture material resulted in
milder tissue reaction on day 2 post-surgery, reaching the peak value on day 5
and remaining at similar level on day 7 post-surgery, and characterized by
slight differences with respect to existence of granuloma. Such observation
suggest that polyfilament suture material, after applied into the tissue, induces
prolonged and intensive tissue reaction that reaches its peak on day 5 post-sur-
gery. As regards the natural silk material, the tissue reaction is most distinctly
reflected through formation of granuloma reach in giant cells, as a reaction to
foreign body. This phenomenon is not observed when applying synthetic mo-
nofilament suture material.

CONCLUSION

After analyzing the results obtained in experimental model the following
conclusions can be made:
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1. After placing sutures inside the oral cavity the tissue reaction is mani-
fested as an inflammatory process (even minimal one) occurring from Day 2
to Day 7 post-surgery.

2. After placed into the tissue, the BLACK SILK that belongs to the
group of natural polyfilament suture materials produced a prolonged intensive
tissue reaction, reaching its peak on Day 5 post-surgery.

3. The most distinct parameter of tissue reaction by using the BLACK
SILK was formation of granuloma reach in giant cells associated with the pre-
sence of foreign body. Such phenomenon was not observed in monofilament
NYLON suture.

4. After placed into the tissue the NYLON, which belongs to the group
of synthetic monofilament suture materials, induces short-lasting moderate tis-
sue reaction and rapid reestablishment of reparatory and regenerative pro-
cesses.

5. After comparing parameters of the intensity or tissue reaction to the
investigated suture materials in suturing oral mucosa, we may give certain
advantage to the monofilament suture materials.
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UTICAJ RAZLIÅITIH VRSTA MATERIJALA ZA ŠIVEWE
NA INTENZITET TKIVNE REAKCIJE USNE ŠUPQINE

Siniša M. Mirkoviã, Qubiša D. Xambas, Sreãko Ð. Selakoviã

Medicinski fakultet Novi Sad, Klinika za stomatologiju Vojvodine,
Hajduk Veqkova 12, Srbija

Rezime

Istorijski gledano, za zatvarawe i zašivawe hirurških rana korišãeni
su najrazliåitiji šavni materijali. U struånoj medicinskoj literaturi opisa-
ne su åetiri osnovne karakteristike šavnog materijala: sigurnost åvorova, za-
tezna snaga, tkivna reakcija i sigurnost rane. Tkivna reakcija prikazana je in-
flamatornom reakcijom koja se, makar i minimalna, javqa tokom prvih dva do
sedam dana nakon aplikacije šavova u tkivo.

Ciq istraÿivawa je bio da se ispita uticaj monofilamentnog materijala
za šivewe (Nylon) na intenzitet lokalne tkivne reakcije u eksperimentalnim
uslovima i uporedi s istovetnim uticajem upreðenog materijala koji se rutin-
ski koristi u oralnoj hirurgiji (svila).

Ispitivawe predstavqa prospektivnu eksperimentalnu studiju sprovedenu
na eksperimentalnim pacovima soja Wistar. Obuhvaãeno je 30 ÿivotiwa kod ko-
jih se u gorwoj vilici kao šavni materijal koristio Black Sylk debqine 4-0, a
u dowoj vilici Nylon debqine 4-0. Za praãewe reakcije tkiva na šavni materi-
jal korišãeni su sledeãi parametri: formirawe koaguluma, polimorfonukle-
arni leukociti, makrofagi, granulom, formirawe epitelnog mosta, formirawe
vezivnog tkiva, sinteza kolagena, granulaciono tkivo, fibrozno tkivo.

Komparirajuãi parametre intenziteta tkivne reakcije ispitivanih ma-
terijala, nakon suturirawa sluzokoÿe usne šupqine, mogla bi se dati izvesna
prednost sintetskim monofilamentnim šavnim materijalima.
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THE PLANT COMMUNITIES OF CLASSES
HYDROCHARI-LEMNETEA OBERD. 1967 AND POTAMETEA

TX. ET PRSG. 1942 OF THE LABUDOVO OKNO
LOCALITY (SERBIA)

ABSTRACT: Labudovo okno locality (50 m—84 m elevation) is situated in the south-
-eastern part of the edge of the Pannonian Plains, resting along the left bank of the Danube
between 1982 km and 1078 km. The investigated locality is the result of rise of the Danube
level after dam building of the hydroelectric power station Ðerdap I. The vegetation com-
prises aquatic associations of the classes Hydrochari-Lemnetea O b e r d. 1967 and Potame-
tea Tx. et Prsg. 1942. The class Hydrochari-Lemnetea O b e r d. 1967 includes the follow-
ing phytocoenoses: Lemno-Spirodeletum W. K o c h 1954, Salvinio-Spirodeletum polyrrhi-
zae S l a v n i ã 1956, Lemno minoris-Azolletum filiculoides Br.-Bl. 1952, Ceratophylletum
demersi (Soó 27) H i l d 1956. The class Potametea Tx. et Prsg. 1942 includes the associa-
tions Myriophyllo-Potametum S o ó 1934, Nympaeetum albo-luteae N o w i n s k i 1928,
Trapetum natantis M ü l l e r et G ö r s 1 9 6 0 .

KEY WORDS: the Danube, aquatic vegetation, floating vegetation, submerged vege-
tation

INTRODUCTION

The Danube is the second largest river of Europe. Its length is 2850 km
covering ten countries. The Danube length through Serbia is 588 km.

The Labudovo okno locality (50 m—84 m elevation) is situated in the
south-eastern part of the edge of the Pannonian Plains, resting along the left
bank of the Danube between 1982 km and 1078 km, in the vicinity of southern
boundaries of the Deliblato Sands. The investigated locality is the result of rise
of the Danube level after dam building of the hydroelectric power station Ðer-
dap I. The system altered the hydrological conditions of the Danube such as
increased water depth and width, decreased water velocity, increased sedimen-

101



tation, and great oscillations of water level, resulting in new river branches and
pipes. An example is the littoral zone of the Labudovo okno locality where
rare aquatic macrophytes have benefited from these changes. Frequent oscilla-
tions of water level and water velocity have substantial implications upon sta-
bility of plant habitats therefore altering the composition of plant communities
in the accumulation and the occurrence of aquatic vegetation at different suc-
cessional stages (S t e v a n o v i ã, 2001).

In the past 10 years, the investigations of this particular locality were
undertaken within the investigations of aquatic macrophytes of the accumula-
tion (S t e v a n o v i ã, 2001). Also, an expansion of adventive species, Echi-
nochloa oryzoides and Paspalum paspalodes, invading great area at the Labu-
dovo okno locality was reported (S t e v a n o v i ã et al., 2004).

The obtained results that are a part of complex two-year investigations of
the Labudovo okno locality include aquatic phytocoenoses of class Hydro-
chari-Lemnetea O b e r d. 1967 and Potametea Tx. Et Prsg. 1942 (P o l i ã,
2005).

MATERIAL AND METHODS

In the vegetation period 2003—2004, the phytocoenological investigations
were performed employing the Swiss-French standards (B r a u n - B l a n q u e t,
1964). Syntaxonomic analyses of vegetation were done after S o ó (1964—
1980) while plant species were determined using standard keys (J á v o r k a,
1925; H a y e k, 1927—1933; K o m a r o v, 1934; S o ó, 1964—1980; T u -
t i n et al., 1964; T u t i n et al., 1968—1980; J o s i f o v i ã, 1970—1986;
F e l f ö l d y, 1990; P r e s t o n, 1995).

RESULTS AND DISCUSSION

Syntaxonomy of communities of classes Hydrochari-Lemnetea and Pota-
metea:

Class HYDROCHARI-LEMNETEA Oberd. 1967
Order Hydrocharietalia Rubel 1933

Alliance Lemnion minoris W. Koch et Tx. Ex Oberd. 1957
1. Ass. Lemno-Spirodeletum W. Koch 1954
2. Ass. Salvinio-Spirodeletum polyrrhizae Slavniã 1956
3. Ass. Lemno minoris-Azolletum filiculoides Br.-Bl. 1952

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

Class POTAMETEA Tx. Et Prsg. 1942
Order Potametalia W. Koch 1926

Alliance Potamion W. Koch. 1926
5. Ass. Myriophyllo-Potametum Soó 1934

Alliance Nymphaeion Oberd. 1956
6. Ass. Nympaeetum albo-luteae Nowinski 1928

a) subass. nupharetosum Soó 1973
7. Ass. Trapetum natantis Müller et Görs 1960
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1. Ass. Lemno-Spyrodeletum W. Koch 1954
(Tab. 1, column 1)

Stands of the phytocoenosis Lemno-Spyrodeletum observed at the Labu-
dovo okno locality either occurred in shallower water in sunny habitats next to
the shoreline or accompanied with reed grass where water flow slows and be-
comes laminar. The stands were absent only in the northeastern part of the lo-
cality. The investigated community was structured of not only characteristic
species of the association Lemna minor and Spirodela polyrrhiza, but Azolla
filiculoides, Salvinia natans, and Ceratophyllum demersum were also frequent.

2. Ass. Salvinio-Spyrodeletum polyrrhizae Slavniã 1956
(Tab. 1, column 2)

Stands of the association Salvinio-Spyrodeletum polyrrhizae belong to
floating, unattached type of pond vegetation where Salvinia natans and Spiro-
dela polyrrhiza are ones that build them. They primarily occur in shallow
water in warm and sunny spots. When the development of Salvinia (Salvinia
natans) reached its maximum, stands of the association were dominant, in
northern part of the Labudovo okno in particular. Consequently, this phytocoe-
nosis was one of the dominant communities of the investigated locality. Ecolo-
gically, a transitional area where there was a change between the association
Lemno minoris-Azolletum filiculoides and the stands investigated occurred. In
addition to the species that build these stands, Lemna minor and Ceratophyl-
lum demersum were also frequent.

3. Ass. Lemno minoris-Azolletum filiculoides Br.-Bl. 1952
(Tab. 1, column 3)

Stands of the community Lemno minoris-Azolletum filiculoides in which
Azolla filiculoides and Lemna minor were dominant occurred in smaller area
than the phytocoenosis Salvinio-Spyrodeletum polyrrhizae. Stands of the phy-
tocoenosis were recorded in northern and northeastern part of the Labudovo
okno locality, whereas dense stands were found in central part of the locality.
Their optimum development requires the same ecological conditions of the en-
vironment as association Lemno-Spyrodeletum and Salvinio-Spyrodeletum po-
lyrrhizae. With respect to floristic structure, Salvinia natans and Spirodela
polyrrhiza were as frequent as ones that build them.

4. Ass. Ceratophylletum demersi (Soó 1927) Hild 1956
(Tab. 1, column 4)

Stands of the community Ceratophylletum demersi occur along the shore
in shallow water (distance 2 m—5 m). They are fully developed in summer.
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With respect to their density, the highest values were obtained in northern part
of the locality. Besides characteristic species of the association Ceratophyllum
demersum that form very dense populations in some spots and build inacces-
sible submersed meadows, floating species Lemna minor and Spirodela polyr-
rhiza were also frequent.

Tab. 1 — Associations review of the alliance Lemnion minoris and Ceratophyllion of Labudovo
okno locality

Species
Associations

1 2 3 4

Characteristic species ass. of the alliance Lemnion minoris, Ceratophyllion

Lemna minor L. V+—4 IV+—1 V+—3 V+—2
Spirodela polyrrhiza (L.) Schleid. V+—5 V+—5 IV+—1 IV+
Salvinia natans (L.) Allioni IV+—1 V1—5 IV+—1 II+
Azolla filiculoides Lam. IV+—1 III+—1 V3—5 III+
Ceratophyllum demersum L. IV+—1 IV+—3 IV+—3 V3—5

Characteristic species of the alliance Lemnion minoris and Ceratophyllion, the order
Hydrocharietalia and the class Hydrochari-Lemnetea

Vallisneria spiralis L. II+—1 I1

Accessory species

Myriophyllum spicatum L. II+—2 II+—3 II+—1 I+
Najas marina L. I+—1 II+ II+ II+—1
Trapa natans L. II+—1 III+ II+ III+—1
Elodea canadensis Rich II+ I+
Potamogeton x fluitans Roth II+—1 II+ II+ II+
Potamogeton gramineus L. I+ I+ I+
Potamogeton pectinatus L. II+—1 II+ III+
Potamogeton perfoliatus L I+ III+—1
Potamogeton lucens L. II+—1
Sagittaria sagittifolia L. I+
Nymphoides peltata (S. G. Gmelin) O. Kunce II+—1
Potamogeton crispus L. II+ I+
Nuphar lutea (L.) Sibith. & Sm. I+

1 — Lemno Spirodeletum, 2 — Salvinio-Spirodeletum polyrrhizae, 3 — Lemno minoris-Azolletum
filiculoides, 4 — Ceratophylletum demersi

5. Ass. Myriophyllo-Potametum Soó 1943
(Tab. 2, column 1)

Stands of the association Myriophyllo-Potametum occur in still water
while also enduring water currents in the eastern part of the locality, where
contact between water of Labudovo okno and the Danube is evident and
where the influence of the Danube progresses. Their occurrence however, was
also observed in the central part, in the center of body of water, where a rather
great area was invaded, and where a transition from stands of the phytocoe-
nosis Ceratophylletum demersi to the investigated stands was evident. Compo-
sition and structure of the association Myriophyllo-Potametum vary largely, re-
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flecting the ecology of the environment and therefore occurring in a number of
different facies (S l a v n i ã, 1956). Since high values of both abundance and
covering of species Potamogeton pectinatus and Potamogeton perfoliatus were
recorded, we may discuss about the two facies where a facies with a dominant
species Potamogeton pectinatus prevails. High percentages were obtained only
with Myriophyllum spicatum and Ceratophyllum demersum.

6. Ass. Nymphaeetum albo-luteae Nowinski 1928 subass. nupharetosum
Soó 1973 (Tab. 2, column 2)

Since no white water lilies (Nymphaea alba) was observed at the locality,
the occurrence of Spatterdock (Nuphar luteum) promotes the stands of the su-
bass. nupharetosum. These stands occurred in fragments along the right pond
shore (the Danube, downstream). This fragmentation was caused by the ecolo-
gical and hydrological shift of the Danube. Not only high percentages of Spat-
terdock were recorded, but, also, the percentage of Ceratophyllum demersum
was high.

Tab. 2 — Associations review of the alliance Lemnion minoris and Ceratophyllion of Labudovo
okno locality

Species
Associations

1 2 3

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

Myriophyllum spicatum L. V1—4 II+—3
Potamogeton perfoliatus L. III+—4
Potamogeton pectinatus L. V+—5 II+—1 II+
Nuphar lutea (L.) Sibith. & Sm. V3—5
Trapa natans L. III+ III+ V3—5

Characteristic species of the alliance Potamion and Nymphaeion, the order Potametalia
and the class Potametea

Ceratophyllum demersum L. V+ IV+—3 IV+—2
Potamogeton fluitans Roth. II+ II+ II+—1
Najas marina L. II+
Potamogeton gramineus L. I+
Salvinia natans (L.) Allioni III+—2 II+—2
Elodea canadensis Rich I+
Potamogeton crispus L. I+—1

Accessory species

Lemna minor L. III+ IV+—1 III+
Spirodela polyrrhiza (L.) Schleid. III+ IV+ III+
Azolla filiculoides Lam. II+ III+ II+—2
Vallisneria spiralis L. I+

1 — Myriophyllo-Potametum 2 — Nympaeetum albo — luteae subass. nupharetosum; 3 — Tra-
petum natantis
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7. Ass. Trapetum natantis Müller et Görs 1960
(Tab. 2, column 3)

Trapetum natansis was a dominant community in floating belt of plant
cover of the Labudovo okno locality. The stands of the phytocoenosis occurred
in shallow and still waters. Highly dense Trapa natans populations of 3 m in
width and exceeding 100 m in length were developed scattered (central part of
the locality) at maximum developmental stage. Of characteristic species of the
alliance, order, and class, the species Ceratophyllum demersum showing higher
percentages was distinguished.

CONCLUSION

The structure of plant communities of the Labudovo okno locality is the
result of processes running in the past 20 years. In other words, widening of
river bed, elevation of water level, slower stream, and formation of branches
and pipes characterized by altered ecological conditions has contributed to
widening of a zone of aquatic and semiaquatic vegetation altering the original
appearance of the region.

Even four associations of the class Hydrochari-Lemnetea and three of the
class Potametea Tx. Et Prsg. 1942 were recorded. Taking into account the in-
vasive character of the species Trapa natans, a particular attention should be
paied at stands of the community Trapetum natantis. Ecological, morphologi-
cal, and other traits make this species a serious threat to other phytocoenoses
of the investigated locality. All these results demonstrate the importance of the
control of this species in attempt to protect innundate zones of the Danube in
Serbia.
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VEGETACIJA KLASA HYDROCHARI-LEMNETEA OBERD. 1967 I
POTAMETEA TX. ET PRSG. 1942 U LABUDOVOM OKNU (SRBIJA)
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Slobodanka J. Stojanoviã2, Dejana M. Laziã2
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Rezime

Lokalitet Labudovo okno (50—84 m nadmorske visine) nalazi se u jugo-
istoånom delu oboda Panonske nizije, duÿ leve obale Dunava izmeðu reånog ki-
lometra 1982 i 1078. Istraÿivani lokalitet nastao je podizawem nivoa Dunava
nakon izgradwe brane hidroenergetskog sistema „Ðerdap ¡". Konstatovanu vege-
tacijsku raznolikost åine akvatiåne zajednice klasa Hydrochari-Lemnetea Oberd.
1967 i Potametea Tx. et Prsg. 1942. Iz klase Hydrochari-Lemnetea Oberd. 1967.
konstatovane su fitocenoze: Lemno-Spirodeletum W. Koch 1954, Salvinio-Spirodele-
tum polyrrhizae Slavniã 1956, Lemno minoris-Azolletum filiculoides Br.-Bl. 1952 i Ce-
ratophylletum demersi (Soó 27) Hild 1956. Iz klase Potametea Tx. et Prsg. 1942 pri-
sutne su asocijacije: Myriophyllo-Potametum Soó 1934, Nympaeetum albo-luteae
Nowinski 1928 i Trapetum natantis Müller et Görs 1960.
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THE USE OF NATURAL ASSETS OF REEDS
MARSHLAND IN VOJVODINA IN VIEW OF

SUSTAINABLE DEVELOPMENT

ABSTRACT: The idea of the application of sustainable development in the use of the
natural resources of reeds area in Vojvodina has not been seriously considered so far, which
has resulted in unwise management in this region. Similar situation was dominant in the
past, especially during the twentieth century, which significantly influenced the degradation
of the original characteristics of reeds marshland. A survey of economic activity that has
been present in the area and their surroundings has emphasized the necessity of harmonized
development so that the authentic natural entities would be preserved, for many reasons, for
future generations. One of the ways for preserving original characteristics could be nature
preservation. They have characteristics of wetlands, which have lately been given signifi-
cant attention through the search for the models of wise use. An important prerequisite for
familiarizing with and investigating reeds marshland is the establishment of the distinctive
criteria, which has not been thoroughly investigated so far.

KEY WORDS: natural resources, nature preservation, reeds marshland, sustainable
development

INTRODUCTION

Reeds marshland represents one of the most important elements of the
entire landscape diversity in Vojvodina, whose importance has been confirmed
throughout history more than once. Unfortunately, the most diverse functions
of this area — from ecological to cultural and historical were not enough to
raise more interest in the assessment and analysis of the more efficient con-
temporary use of this area. The results are reflected in the degradation of the
reeds marshland, which has peaked in the second half of the twentieth century.
Even the more precise scientific establishment of the borderline of these natu-
ral entities has not been the subject of elaborate discussions so far.
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According to its basic characteristics reeds marshland are grouped as
wetlands, which have key ecological function, as the regulators of the water
regime and significant habitats of flora and fauna. In accordance with their en-
dangered existence and increased loss, in a number of countries in the world
there have been many actions aimed at protection and preservation. One of the
main protected natural assets of Vojvodina is actually reeds marshland, thus
making the activities of nature protection one of the important potentials for
its more wise use.

DISCUSSION

Vojvodina along with its vast, low-lying, flat areas, rich in water flows
and shallow underground waters, possesses favorable prerequisites for the for-
mation of the flood areas with distinctive vegetation and pedological features.
The traditional word among local inhabitants for such areas especially the ones
near large rivers is rit — reeds marshland.

If observed in this way, the determination of the term rit and its border-
line represents a relatively simple assignment. However, considering the re-
sults of the research conducted so far, it can be observed that there are dis-
agreements about the understanding of the term rit.1

Thus B. B u k u r o v (1975) when determining reeds marshland in Voj-
vodina, starts with geomorphologic, and then hydrological and biogeographical
criteria. In fact, this author considers reeds marshland to be alluvial plateaus,
i.e. low-lying flat areas along rivers with altitudes of 85 to 68 meters above
sea level. This relief entity has mostly been spread along the rivers Danube,
Tisza, and Sava, as well as along the shorter water flows such as Tamis, Be-
gej, Karas, Nera, Galacka, Zlatica, and Moris.2

According to contemporary concepts, reeds marshland represents mainly a
type of wetland, which is on the borderline area between land ecosystems and
water systems, making it a distinctive form, but still greatly dependent on the
other two (M i t s c h, G o s s e l i n k, 1986). From this point of view, we can
conclude that, in addition to geomorphologic preconditions (low, coastal strip
near the water), it is actually a hydrological criterion, i.e. occasional surface
and underground watering, which is necessary for the formation of the specific
wetland of reeds marshland type. Because of the mentioned facts, the reeds
marshland has been developing specific soil, as well as a specific flora of the
vegetable cover. What contributes to this view of reeds marshland is a well-
-developed methodology of mapping wetland, on whose basis the establish-
ment of its borderlines is connected to the criteria of the distribution of certain
plant species (indicators), the presence of hydromorphic types of soil and spe-
cific hydrological conditions (periodic or often floods). Depending on the avai-
lable data, all three indicators are used or just some of them. Vegetation is
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usually considered the most reliable indicator because it is a result of the do-
minant natural conditions of the wetland (M a r s h, 2005).

On the territory of Vojvodina, where many marshland areas have been
dried out through melioration, or converted into agricultural land, anthropo-
genic indicators have to be taken into account when determining the borderline
areas of the contemporary reeds marshland. Thus, geomorphologically speak-
ing, completely or partially dried reeds marshland still represents a unique re-
lief entity, more precisely alluvial plateaus, but due to the changed hydrolo-
gical and vegetation conditions, these areas, no longer can be considered wet-
lands, or reeds marshlands. In this way, on the territory of Vojvodina, the areas
of reeds marshland have been greatly reduced by melioration of the alluvial
plateaus. Still, in some cases, the areas where natural characteristics have been
changed, have still kept some original features of the reeds marshland. Above
all, hydrological and vegetation characteristics should be taken into conside-
ration when analyzing their usage.

The importance of these areas can partly be seen in the interest certain
economic activities have shown for their natural resources. Field research has
shown that in the reeds marshland area and its surroundings, the following ac-
tivities have been dominant: forestry, fishing, reeds processing, and tourism.

Alluvial terrain is beneficial for the development of forests. It is sup-
posed that in the past these areas had the characteristics of ancient woodland.
Autochthonous species have been significantly reduced through irrational ma-
nagement of these resources. Plantations have been widely spread, although
these habitats do not have the characteristics of forests but of agricultural areas.
The largest areas covered with wood are in the Apatinski, Monoštorski and
Bukinski Rit, in the vicinity of Obedska Bara, and then in the remaining parts
of the alluvial plateaus of the rivers Danube, Tisza and Sava. According to
P u z o v i ã (2002), the way these areas were forested in the last few decades
was not optimal for the totality of the environment. Wetlands of reeds marsh-
land type were treated as areas of low quality and inadequately used terrain, so
the forestation with cloned poplars and willows has been treated as a noble
act. The changes of the basic conditions of the habitats because of such acti-
vity have had a multiple impact on the natural characteristics of the reeds marsh-
land. The analysis of the possibilities of transforming plantation areas into na-
tural habitats of forest or open type has not yet been widely spread.

Fishing is an activity with a longer tradition on big rivers and reeds marsh-
land. The amenities of natural conditions and plenty of resources were deter-
mining factors in the past for the entire family living, for example, in the reeds
marshland of the Danube Basin, who made living based only on this activity
( B u k v i ã, 1969). Although the conditions of the habitats have changed due
to the human influence on natural potentials, fishing is still one of the most
important economic activities of the reeds marshland. The evidence can be
found in the management programs for fishing which regulates these activities,
including the ban on certain fish species; fishing ban during spawning time,
the protection of the spawn area, the ban on the economic fishing on all fish
species during certain periods (Program unapreðenja ribarstva na ribolovnom
podruåju „Dunav I" i „Monoštorski rit" 1996—2000).
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The use of reeds has had a long tradition in the surrounding areas of big
rivers in Vojvodina, as well as in the settlements built around them. Reed is
one of the key characteristics of the marshland landscape in Vojvodina. In ad-
dition to this, reed was a very important building material in the past. New age
has brought new building solutions, but reeds had a comeback, this time as
ecologically friendly building material. At the same time, its processing can be
a profitable business. In Holland, there are about 300 industrial companies in-
volved in reeds processing. It is mainly grown in households, and the business
is so developed that this country imports reeds from Hungary, Austria, Poland,
Romania, and Turkey. The economic activity based on reeds as a raw material
has not yet been spread in our country. Still, processing, as an incentive to
economic development is present in reeds marshland. Among the rare reeds
processing lines based on the raw materials of reeds marshland in Vojvodina
are the villages of Baåki Monoštor (Monoštorski Rit) and Belo Blato (Farkaÿ-
dinski Rit, the vicinity of Carska bara).

The use of reeds can be important for the conservation of protected na-
tural heritage in reeds marshland. In the reeds marshland around Obedska bara,
reeds with their biomass and reproduction is endangering the strip within the
horseshoe area of Obedska bara and is threatening to completely dam it and
dry it out in the near future. This is why a cooperation has been suggested
between Keepers of the Special Nature Reserve Obedska bara and some com-
panies dealing with reeds processing (Informacija o stanju, zaštiti i moguãno-
stima odrÿivog korišãenja zaštiãenog prirodnog dobra SRP „Obedska bara",
2000).

As a special potential for the development of these areas, tourism should
be analyzed. Reeds marshlands have mainly been seen as important areas for
hunting tourism so far, in accordance with a number of hunting areas ear-
marked for domestic and foreign tourists. Some of the important hunting areas
are Kozara, Apatinski Rit, Kamarište, Plavna, Koviljski Rit, and Lower Da-
nube Basin (D r a g i n, 2006). Still, the potentials of these areas are far greater
and can be found in the possibilities for the development of ecotourism, which
has been essentially eco-friendly, ecologically responsible, taking care of the
status and the development of local population and finally supporting the
actions for the environment preservation (F e n n e l, 1999). Some of the activi-
ties could include bird watching, educational hiking, boat rides, and volunteer
camps.

What is extremely important for the vast reeds marshland in Vojvodina is
the activity of nature preservation. It influences the regulation of the men-
tioned economic activities largely. If having observed the geographic map of
the protected natural heritage sites, we can see that a large number of them are
present in the alluvial plateaus of the rivers in Vojvodina. Some of the most
important ones are: Special Nature Reserve Upper Danube Basin, Special Na-
ture Reserve “Karaðorðevo", Nature Park “Tikvara", Nature Park “Begeåka ja-
ma", Special Nature Reserve “Koviljsko-petrovaradinski rit", Special Nature
Reserve “Stari Begej — Carska bara", Special Nature Reserve “Obedska bara".
Three spatial entities which are protected under the Ramsar Convention in Ser-
bia, out of the total of six (The Ramsar List of Wetlands of International Im-
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portance, www.ramsar.org/key_sitelist.htm), are situated in Vojvodina, which
is a sufficient evidence of the significant interest of the initiators of the pro-
tection for these areas.

Because of the number of protected natural assets in the reeds marshland
in Vojvodina, there is a question of usefulness of this activity for the general
welfare of the environment in the reeds marshland. If we assess these pro-
blems, according to guidelines outlined in the legal acts and decisions about
environment protection, a potential influence on the area is clear. Thus, the
following activities are usually forbidden: the change of water regime, the re-
lease of unprocessed waste waters, the introduction of foreign flora and fauna,
planting Euro-American poplars (depending on the degree of protection), col-
lection and use of protected species, building establishments which are not in
accordance with the protection, and any activity which changes the living con-
ditions in the wetland. At the same time, the measures and activities that pre-
serve and bring back original characteristics of the natural scenery are usually
allowed.

The initiative and declaration about protected natural heritage is one of
the basic means of applying the idea of sustainable development in an area. As
landscapes dedicated to protection and preservation of biodiversity, natural and
cultural assets connected to nature, through legal and other means (P r a t o,
F a g r e, 2005), they (the protected natural assets) have a multiple impact on
the environment conservation. On the one hand, the introduction of sustainable
development would mean the respect of three criteria: the principles (justice,
ethics, and protection promotion), planning (long term, proactive and integral),
and management (interdisciplinary character). On the other hand, the protec-
tive measures are sometimes not completely carried out which also represents
a danger for the autochthonous nature of the reeds marshland. If we take into
consideration that these areas have already undergone numerous changes and
strong influence during the past, such as building levees, the changes in water
regime and drying, regulation of river beds, we can see more clearly the chal-
lenge standing in front of the activities for the protection and preservation of
reeds marshland, as an original natural scenery in the valleys of the Pannonian
rivers. The changes have been especially prominent in the region of Apatinski
and Monoštorski Rit (B u k u r o v, 1975; D e d i ã, 1998), wider landscape of
Bukinski Rit (D e d i ã, B o ÿ i ã, 1998; M i l o š e v, 1998), the area around
Carska bara, in the alluvial terrace of Tisza (H a m, 1975). Some of the on-
going problems in the protection are active cutting down of forests, forestation
with inadequate species — mainly Euro-American poplars, intensive agricul-
tural activity on arable land connected to reeds marshland through melioration
canals and the influence of other economic activities.

The concept of sustainable development comprises detailed planning of
the protection measures and wise use of the assets. In all planning phases, it is
inevitable to map the protection area, so this is why the mapping of wetlands
has become one of the most important activities into the planning of the en-
vironment protection (M a r s h, 2005). The borderlines of the protected regions
are most often determined based on the mentioned criteria of the vegetation
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structure, flora structure, pedological structure and hydrolocal indicators de-
pending on the characteristics of the area and available sources of spatial data.

CONCLUSION

When denoting the term rit (reeds marshland), in addition to the usual
geomorphological, hydrological and biogeographical criteria, we need to in-
clude the anthropogenic factor as well. In some cases building of dams and
some other regulation measures, for example in Monoštorski and Apatinski
Rit, have changed the structure of reeds marshland in the area that was dam-
med. Still, some of the original natural features have been preserved, and na-
tural resources influence the use of the area, which was not dammed (forestry,
fishing, hunting). In any case, the concept of the nature protection (mainly
special nature reserves), which is present in some reeds marshlands in Vojvo-
dina, including the dammed areas, confirms their general importance.

Economic activities in the area of reeds marshland and its surroundings,
based on their natural resources, should be brought together with a strategy of
sustainable developments. In the cases of the protected natural assets, which
cover the area of reeds marshland, measures for their future preservation are
conducted or at least earmarked. Many vast reeds marshlands are not encom-
passed in the region of protected natural assets and a solution for their pre-
servation should be sought.
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KORIŠÃEWE PRIRODNIH POTENCIJALA RITOVA U VOJVODINI
I ODNOS PREMA IDEJI ODRŸIVOG RAZVOJA

Vladimir M. Stojanoviã, Dragoslav J. Paviã, Minuåer M. Mesaroš

Departman za geografiju, turizam i hotelijerstvo,
Prirodno-matematiåki fakultet, Trg Dositeja Obradoviãa 3, Novi Sad

Rezime

Ritovi predstavqaju specifiåan vid vlaÿnih staništa karakteristiåan
za okolinu velikih reka u Vojvodini. Rezultati dosadašwih istraÿivawa po-
tvrðuju neusaglašena shvatawa u vezi sa definisawem pojma rit. Neki od indi-
katora za definisawe i odreðivawe granica ritova su geomorfološkog, hidro-
loškog i biogeografskog karaktera. Veoma je vaÿno principu za razgraniåewe
i definisawe pojma rit dodati i antropogeni kriterijum. Melioracijskim ra-
dovima znatne površine ritskih podruåja su isušene, a neke su pretvorene i u
oranice. Neke druge su uspele da zadrÿe odlike koje su preteÿno karakteristiå-
ne za ovaj tip vlaÿnih staništa. Neusaglašenost shvatawa o odreðivawu pojma
rit ima uticaja na korišãewe ovih prostora. U struånoj i nauånoj literaturi
je uobiåajeno koristiti pojam ideje mudrog korišãewa ovakvih prostora, koje je
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u tesnoj vezi sa odrÿivim korišãewem i odrÿivim razvojem. Najåešãe aktiv-
nosti od strane qudi u vojvoðanskim ritovima su šumarstvo, ribarstvo, prera-
da trske, a u posledwe vreme i turizam. Svaka od navedenih delatnosti se na
specifiåan naåin odraÿava na prirodne resurse i ekosisteme ritova. Preo-
vlaðuje mišqewe da ove aktivnosti nisu dovoqno meðusobno usklaðene i usa-
glašene sa resursima ritova. U buduãnosti bi, shodno ideji oåuvawa ovih pro-
stora, trebalo mnogo oåekivati od aktivnosti zaštite prirode. Mnogobrojne
celine ritova u Vojvodini veã sada uÿivaju neki status zaštite (Monoštor-
ski, Apatinski, Koviqsko-petrovaradinski rit). Pošto je jedan od standarda
odrÿivog razvoja nekog prostora vezan i za proglašavawe zaštiãenih prirod-
nih dobara, oåekuje se da bi ovakav trend mogao znatno doprineti kvalitetnijem
korišãewu ritova, pa tako i oåuvawu prirode i wenih izvornih odlika.
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