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USEFUL ADAPTIVE EFFECT
AS A PHYSIOLOGICAL PROCESS IN FUNCTIONAL
SYSTEMS OF THE ORGANISM

ABSTRACT: In the present work physiological principles and processes have been
considered with respect to the theory of functional systems developed by Academician P.
K. Anokhin. The elaboration of these principles, as well as the results of previous experi-
ments, allowed us to propose a new notion of useful adaptive result. The adaptive effect is
considered as a physiological process in the central nervous system, which results from re-
verse afferentation concerning the characteristic of an external object to neurons in the re-
sult-accepting apparatus. New notions of the useful effect (regulation of blood pressure, fee-
ding behavior and human social activity) were evidenced by logical and experimental data.
We reviewed the neurophysiological processes that accompany goal-directed activity of ani-
mals and underlie the formation of useful adaptive result in the system.

KEY WORDS: functional system, adaptive effect, reverse afferentation, result-accep-
ting apparatus, blood pressure, feeding behavior

Recent experiments performed in our laboratory as well as the logical
principles of the theory of functional systems allowed us to propose a new no-
tion of useful adaptive result. This notion arose from manuscripts of P. K.
Anokhin: “The result (as a system-forming factor) may be considered as a
physiological process, which is developed upon the influence of a complex of
reverse afferent pulses as the result of action and comparison of the result with
a general purpose of this action” [2].

The principle of self-regulation is a general principle of the theory of fun-
ctional systems (TFS) and classic physiology. The scheme of self-regulation
objectivizes any systemic activity of the organism (from regulation of homeo-
static function to human social activity) [10]. Figure 1 represents 3 levels of
self-regulation in humans: blood pressure (BP), feeding behavior and social
activity. These schemes include 2 units. According to TFS, one of these units
is the adaptive result: a) blood volume that determines the pressure in the aor-
ta; b) food from the external environment; and c) a videocassette containing a
video film.
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Unit 1: external objects (relative to functional systems), results of action
of this system. Unit 2: interaction between reverse afferentation concerning the
characteristic of an external object and apparatus in the central nervous system
(acceptor of the action result, AAR), which predicts and evaluates the perfor-
mance of a specified action program and parameters of a required external ob-
ject satisfying the basic motivation.

The TFS postulates that this interaction may lead to an agreement or a
discrepancy in AAR. It results in the appearance of a positive or negative
emotion, respectively. The following two questions arise. First: is the result (as
a system-forming factor) localized within or outside the system? Second: once
the emotions are formed during evaluation of the end adaptive result, does the
interaction in AAR serve as a result?

To answer these questions, it is necessary to remember the TFS. P. K.
Anokhin believed that “a researcher investigating behavioral activity of ani-
mals and humans primarily focuses on this activity, but not on the results of
activity”. This study was performed within the framework of a reflex theory.
P. K. Anokhin proposed to evaluate not only activity, but also the results of
behavioral activity (i.e., following events in the external environment). Modern
notions of the functional system and system-forming factor are based on these
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logical principles and results of studying the mechanisms for compensation of
impaired functions [2].

In the present work we attempted to elaborate the logical principles P. K.
Anokhin applied in the study of behavioral activity. Attention was paid to pro-
cesses in the external environment and the resulting events in the system. The
TFS postulates that the organism with dominant motivation and specific goal
(acceptor of the action result, AAR) aims to interact with the results of activity
and evaluate them by means of AAR. This procedure allows us to evaluate
whether the results of activity satisfy the basic motivation. The evaluation is a
physiological process which determines the organism’s emotional state (Figure 2).

An important determination of the result is that “the end adaptive effect
serves as a central component in the functional system of any level of organi-
zation” [2]. This definition of the adaptive result (“effect” in the system) is ad-
ditional logical evidence that during the evaluation of BP, food, movie, etc.,
the useful adaptive effect should be considered as a physiological process in
the system.

A possible place of the emotional mechanism for evaluation of the result
in the architectonics of the functional system remains unclear. P. K. Anokhin
wrote that this mechanism evolved in nature as a set of neurophysiological,
neurochemical, and molecular processes. They form an emotional state to eva-
luate the utility of “effects” in the system. We shall attempt to introduce this
mechanism into the scheme of the functional system.

Another theoretical background to characterize the useful adaptive result
is the principle of advanced reflection of reality. It is realized via the mecha-
nisms of motivation and genetic and acquired memory in the central nervous
system. These mechanisms form a special apparatus to evaluate activity of
functional systems. Moreover, they form a physiological basis to adjust acti-
vity and achieve the end adaptive effect.

Eilects
tarameirs
ol reaull
"'x b
Hesult
AAR ol aciton
T T
Programmm Action
of mction
| [ r i

Fig. 3 — A new scheme of functional systems of goal-directed behavior. The useful adaptive
result as a physiological effect or the process of relationship between parameters of result
and acceptor of the action result.



We believe that this physiological basis includes an actual interaction
between the nervous apparatus in CNS and reverse afferentation concerning
the performance of a specified action program as well as changes in the
external environment (“results” of action).

Thus, the “effect” results from an interaction between central neurons
with reverse afferentation concerning the characteristic of an external object or
event (Figure 3). Our assumptions are confirmed by the results of experimental
study (see below).

RESULTS

Experiments were performed on freely moving rabbits on models of fee-
ding behavior and defense behavior. We recorded the locomotive activity of
the animals, extracellular spike activity of nerve cells in various brain structu-
res, respiration and electrocardiogram (ECG).

There are many approaches to interpreting the results of studies (G. Jas-
per; recent experiments to evaluate neuronal activity during animal’s behavior)
[1, 3, 4, 14]. We believe that these interpretations are related to 2 reasons: (1)
“historical” transfer of the notion that neuronal activity reflects an organism’s
reaction to various factors (first microelectrode studies were performed on nar-
cotized animals) [12]; (2) consideration of neuronal activity as activation, inhi-
bition or no change in the discharge frequency per time unit.

However, our studies revealed no difference in the average discharge
frequency for 100 lateral hypothalamic neurons (center of hunger) in fasting
animals and 100 neurons in satiated animals.

Another approach suggests studying a change in interval characteristics of
the pulse activity of neurons. We revealed a similar distribution of modes in
various brain structures of animals (reticular formation; lateral and ventrome-
dial hypothalamus; insular, visual and sensorimotor cortex; hippocampus; glo-
bus pallidus; thalamus; etc.) under a specific motivational state.

Experiments with rabbits after 48 h starvation showed that 34 neurons in
the lateral hypothalamus exhibit activity under conditions of food presentation
before satiation. Study of the interval pattern of neurons in fasting animals
(comparison of histograms) revealed the bi- and trimodal distribution. The du-
ration of dominant intervals corresponded to 5—10, 150 and more than 100
msec. Discharge activity of neurons appeared as groups or trains of pulses [6].

On the one hand, the interval pattern of neurons reflected dominant moti-
vation of hunger in animals. On the other hand, it illustrated “anticipation” of
the future food result [5]. A. I. Shumilina believed that a discrepancy in AAR
without the actual result would lead to the state of strain or negative emotion.
The negative emotion reflects a “negative” result in the system, which is mani-
fested in a specific discharge activity of neurons.

With respect to the architectonics of the functional system for the behavi-
oral act, group or train activity of neurons reflects the existence of dominant
motivation, operation of AAR and negative emotional state.

Further experiments showed that feeding activity of animals is accompa-
nied by a significant change in the interval pattern of neuronal activity. Group
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activity was transited to regular and monotonous activity. The interval histo-
gram was characterized by the unimodal distribution and a variety of dominant
intervals for various cells.

These data indicate that the neuronal activity (regular activity) serves as
an objective criterion for agreement in AAR and positive emotional state when
the animal achieves a specific goal. A principal question arises concerning the
adaptive result (effect) from the viewpoint of a researcher (food intake) or or-
ganism (operating system).

Transition of neurons to regular spike activity follows reverse afferenta-
tion to central neurons (relative to food characteristics) and may be used as an
objective criterion of the positive effect in the system.

Further experiments were performed on freely moving rabbits. We recor-
ded extracellular activity of neurons in various brain structures, including the
reticular formation; lateral and ventromedial hypothalamus; insular, visual, and
sensorimotor cortex; hippocampus; globus pallidus; thalamus; etc. [8].

A study was performed on a model of the conditioned feeding response.
We revealed general principles of the change in the interval pattern of brain
neurons.

When the animals engaged in the feeding activity, the train activity of ne-
urons in various brain regions was shifted to regular activity. These changes in
various brain structures were observed in different periods of time: start of
rabbits’ movement to a feedbox (realization of the action program, sensorimo-
tor cortex); appearance of food in an automated feedbox (visual cortex); food
intake (insular cortex); and food transition to the stomach (hypothalamic struc-
tures).

This study indicates that a specific temporal structure of the pattern for
discharge neuronal activity becomes regular during the interaction of reverse
afferentation from receptors responsible for realization of the action program
and reacting to various characteristics of the external object (food). Our expe-
riments and previously published data show that these interactions not only oc-
cur in receptors of the gastrointestinal tract, but also involve the process of cell
metabolism [11].

We analyzed the effectiveness of animal behavioral activity. It was neces-
sary to compare the following terms: (1) “reinforcement” during acquisition of
a conditioned response (I. P. Pavlov); and (2) “result” as a system-forming
factor (P. K. Anokhin).

The model of defense behavior involves unconditioned reinforcement
with electrocutaneous stimulation (ECS). It is difficult to explain this model
from the viewpoint of TFS. Avoidance of ECS is the adaptive result under
these conditions. However, ECS is followed by the formation of this functio-
nal system.

We performed a special series with acquisition and decrement of a condi-
tioned response in rabbits. Acoustic stimulation for 6 seconds served as a con-
ditioned stimulus. Reinforcement suggested electrocutaneous stimulation of the
hind limb with 14 mA for 1.5 sec. Experiments were conducted on awake rab-
bits fixed to a machine by the limbs.

10



Study of 82 neurons in the dorsal hippocampus revealed specific changes
in the interval characteristics of individual cells (98% cells) produced by 40
combination exposures to acoustic stimulation and ECS. Besides this, specific
features were found upon a decrement in the response (40 acoustic stimula-
tions) [9].

We studied the baseline activity of neurons in immobilized animals. The
duration of dominant intervals corresponded to 1—50, 150, and more than 100
msec. It reflects the formation of defense motivation [7]. Regular activity ap-
peared 1000—1200 msec after the first 3 exposures to ECS. These findings
are of particular interest since similar changes in the interval characteristics of
neurons occur in fasting animals during food reinforcement. On the one hand,
ECS probably serves as a reinforcing stimulus. On the other hand, ECS is
followed by afferentation to neurons producing the phenomenon of “result”
(criterion of the interval pattern). However, avoidance of ECS is usually consi-
dered as a positive result in TFS. It may be suggested that neurophysiological
mechanisms decreasing the sensitivity to ECS (increase in the threshold, acti-
vation of the opioidergic system, etc.) are triggered in the organism under con-
ditions of unavoidable pain stimulation.

Particular attention was paid to neuronal activity after termination of
ECS. Regular activity is followed by the appearance of trains with the bimodal
distribution of intervals (1—50 and 150 msec). A. I. Shumilina showed that
the animal anticipates pain stimulation even after termination of ECS. No sti-
mulation produces discrepancy and, therefore, increase in the strength of de-
fense motivation [14].

Combination exposure to conditioned stimulation and ECS is followed by
several stages of changes in the interval pattern of hippocampal neurons. In
stage I (5—7 combinations) train activity was observed during conditioned sti-
mulation. It reflected the initial step of conditioned response acquisition and
anticipation of future of ECS (“advance”, P. K. Anokhin). Long-lasting regular
activity was revealed after ECS. In stage II (10—14 combinations) regular
activity developed in response to conditioned stimulation and ECS. In stage III
(14—20 combinations) regular activity was revealed before and during conditi-
oned stimulation. The inhibition of spike activity was found after ECS. Under
conditions of follow-up combinations, spike activity was blocked or increased
before ECS. The observed changes are similar to those accompanying automa-
ted forms of behavioral activity in animals [12, 13].

Study of interval characteristics showed that the learning process in ani-
mals is accompanied by a change in the pattern of neuronal activity. It reflects
two principles of TFS: advanced reflection of reality and minimization of
functions (discharge activity of neurons).

Regular activity of neurons is of particular interest. Interval characteristics
of neuronal activity were similar to those observed after the start of individual
ECS and remained unchanged during combination exposure to acoustic stimu-
lation and ECS. We hypothesized that the organism achieves the positive ef-
fect under these conditions, which is related to the activity of internal neuro-
physiological processes of adaptation to electrocutaneous stimulation. The neu-
rons receiving afferentation from pain stimulation, pain conditioned stimulus
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and ECS and operating as a part in the acceptor of action results tend to
exhibit the regular activity. It reflects the achievement of a positive adaptive
effect.

These data indicate that the adaptive effect of systemic behavioral activity
may be associated with the interaction of afferentation from external objects
(exposure) with neurons in the acceptor of actions results.

CONCLUSION

In the present work we tried to advance the notions of “result” in TFS of
P. K. Anokhin. One of these aspects suggests that it is necessary to develop
the theory of P. K. Anokhin. Which changes are observed by a researcher
when studying the activity of animals and humans? What is the result of this
activity? The study should be focused not only on the results of the activity
but also on the processes in the system that occur after the achievement of the-
se “results”. This approach allows us to consider previous notions of the action
result and evaluate the useful adaptive effect (interaction of afferentation with
neurons in the acceptor of action results).

These data give an interpretation of the complex social activity of hu-
mans and they solve the problem of hierarchy in functional systems (hierarchy
of results).
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KOPUCTAH AOATITALLMOHN E®EKAT ¥ OYHKUMOHAJTHUM
CUCTEMUMA OPTAHU3MA KAO ®U3NOJIOIKHN IMTPOLEC

bopuc BacumeBuu Kypasmben
HayuyHo-ucTpaxkxuBauku MHCTUTYT HOopMajiHe ¢usuosoruje uMmena I1. K. AnoxuHa,
Pycka AkamemMuja MenIMIIMHCKMX Hayka, MockBa, MokxoBaja 4.

Pe3ume

VY pany cy uznoxxeHu (GU3MOJIOIIKYA MPUHIUIN U MPOLIECU ca CTAHOBUIITA TEO-
puje pyHkumnoHanHux cucrema I1. K. AHoxuHa.

Ha ocHoOBy pa3Boja TMX mpeacTaBa, a MCTO TaKO JIOOMjEHMX EKCIIEpUMEHTATHUX
pesyiaTara, Mpeaja)ke ce HOB I10jaM O KOPMCHOM afalTalMoHOM e(eKTy. AmamnTaluo-
HM edekaT ce pa3zMarpa Kao (PU3MOJIOIIKY NPOLEC KOjU ce OIBMja Y LIEHTPATHOM Hep-
BHOM CHCTEMYy Ha OCHOBY IIpUCTH3arba adepeHTaluja O TapaMeTpuMa CIOJballlHer
objexTa HeypoHMMa YKJbYYEHUM y CTPYKTYpe amapara aklenTopa pe3yJjraTa JIejcTsa.

WI3HeTH cy JIOTMYKM M eKCIIEPUMEHTAIHU TOKa3W HOBE IpEACTaBe O KOPHCHOM
edexTy Ha HMBOY peryjaluje KpBHOT MPUTHUCKA, UCXPAMOEHOT MOHallaka U COolMja-
HOT OOJIMKa aKTMBHOCTM 4yoBeka. PazMoTpeHu cy Heypo(hU3UOJOIIKUA TMPOLECU Tpu
YCMEPEHOj aKTUBHOCTM KMBOTHHbA, KOjU Ce Hajlaze y OCHOBU (popMuparba KOPUCHOT
aJlanTallMOHOT e(eKTa y CUCTeMY.
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CHARACTERISTICS AND IMPORTANCE OF THE
GENUS PROTOTHECA IN HUMAN AND
VETERINARY MEDICINE

ABSTRACT: Prototheca spp. are strange algae, assigned to the genus Prototheca,
family Chlorelaceae. They are ubiquitous in nature, living predominantly in aqueous locales
containing decomposing plant material. Prototheca spp. were isolated from skin scarificates,
sputum and feces of humans in absence of infection, as well as in a variety of domestic and
some wild animals. Prototheca spp. are unicellular organisms, oval or spheric in shape.
They differ from bacteria and fungi in size, shape and reproductive characteristics. Of the
five known species of the genus, only P. wickerhamii and P. zopfii are considered pathoge-
nic, and they are the only known plant causative agents of human and animal infections.
Over the past 25 years medical references reported more than 100 cases of human protothe-
coses, mostly induced by P. wickerhamii and rarely by P. zopfii. A half of the reports on
human protothecoses relates to localized cutaneous infections and oleocranon bursitis. The
rarest and most severe form of the infection is disseminated or systemic protothecosis, de-
scribed in patients with durable course of primary disease or immune disfunction. In
veterinary medicine, Prototheca zopfii and rarely also P. wickerhamii are reported as causa-
tive agents of cutaneous protothecosis in dogs and cats, systemic protothecosis in dogs and
mastitis in dairy cows. Protothecal infections are diagnosed by histopathology examination
or, more exactly, by isolation of the agent, although the organism cannot be distinguished
from the yeasts by its cultural characteristics. Final diagnosis is made by the carbon-hydrate
assimilation test. Protothecal infections are easily missed in routine practice. Pharmacologi-
cal protocol for therapy of this rare infection has not been developed yet either in human or
in veterinary medicine. Several antifungal agents are aplied for treatment; however, the ef-
fects are variable. Where possible, surgical excision is treatment of choice. Prognosis is
promising in patients with localized infection, and healing is often achieved. Prognosis is
less predictable, mostly bad, in patients with other diseases and in immunocompromized pa-
tients. Sensitivity of Prototheca spp. in vitro does not necessarily correlate with its efficacy
in vivo.

KEY WORDS: Prototheca spp., Clinical signifikance, Diagnosis

In 1880, Zopf and Kihn first isolated unknown organisms from the
slime flux of a linden tree. The isolates were morphologically and physiolo-
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gically characterized in 1894 by Kriiger, who identified them as fungi on
account of their cultural similarity to yeasts (Kriiger, 1894). The organisms
were identified as algae in 1913 due to their ability to sporulate similarly as
Chlorella species, and reclassified three years later by West (West, 1916) to
the genus Prototheca, family Chlorelaceae. Prototheca is an achlorophyllous
mutant of the green algae with nonfunctional chloroplast. Achlorophyllous mu-
tants of Chlorellae have been successfully produced in the laboratory; altho-
ugh the pathway of their genesis in natural environment still remains unclear
(Huss and Sogin, 1990). Until now, five species have been generally re-
cognized within the genus: P. wickerhamii, P. zopfii, P. moriformis, P. ulmea
and P. stagnora.

DISTRIBUTION

Prototheca spp. is ubiquitous in nature and widely distributed all over the
world. The organism had first been isolated from the slime flux of trees and
over the following decades from a wide variety of sources including sewage,
soil, plants and many fresh and salt water sources, even from water-supply
systems (Anderson and Walker, 1998; Pore et al.,, 1983, Walsh et
al., 1998). The organism is particularly predominant in aqueous locales contai-
ning decomposing plant material. Prototheca spp. were isolated from skin sca-
rificates, sputum and feces of humans in absence of infection (Sonck and
Koch, 1971), as well as in a variety of domestic and some wild animals. Oc-
currence of the organism in the feces of cattle, pig, horses and sheep is associ-
ated with the use of contaminated feed.

Life cycle and morphological traits

Prototheca spp. are monocellular organisms, oval or spherical in shape,
7—16 um in diameter (Anderson and Walker, 1998; Di Persio,
2001). They differ from bacteria and yeasts in size, shape and reproductive
characteristics. Contrary to yeasts and bacteria they do not have glucosamine
in their cell wall and do not contain muraminic acid, respectively (Di Persio,
2001). The cell wall of Protothecae consists of outer (thinner) and inner
(thicker) envelope, while all Chlorella species (except for Ch. prototecoides)
are characterized by a three-layer cell wall (Sudman, 1974). The three spe-
cies commonly isolated from the natural environment are considered non-pat-
hogenic, i. e., P. stagnora, P. ulmea and P. moriformis. These species are able
to produce capsule (similarly to Cryptococcus neoformans); however, this fea-
ture was not observed in any of clinical isolates of P. wickerhamii and P. zopfii
(Di Persio, 2001). The reproduction is asexual, by internal septation and
endospore formation. The sporangia contain 2—16 or more daughter-cells
(sporangiospores), which, following the characteristic cell-wall breakage, furt-
her develop the endosporulating cells (Pore, 1998).
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Prototheca spp. as causative agent of infection

Of the five known species of the genus, only P. wickerhamii and P. zopfii
are considered pathogenic, yet their pathogenic potential is low. Until now,
they are the only known plant causative agent of human and animal infections
(Roesler et al., 2003).

Human protothecoses

The first case of human protothecosis was described by Davies et al.
in 1964, manifested as localized skin lesions in a farmer in Sierra Leone,
while the first systemic protothecosis was described by Cox et al. in 1974.
Over the past 25 years, medical references reported on more than 100 cases of
human protothecoses, mostly induced by P. wickerhamii and rarely by P. zopfii
(Krcmery, 2000 Monopoli etal, 1995; Wirth, 1999). Though un-
frequent, protothecal infections are reported worldwide: in Europe, Asia, Afri-
ca and Central America. In our country, the first isolation of Prototheca spp.
from clinical material was reported on April 5, 2005 by the Serbian Micro-
biology Association, Section of Vojvodina (Suvajdzié, 2005). Infections
occur in all age categories, but extremely rarely in the pediatric population.

Described as environment-borne agent, Prototheca spp. enter the body via
the traumatic skin lesion and mucous membranes, on subsequent exposure to
contaminated water. Human-human transmission route is excluded. The incu-
bation period has not been precisely defined yet; however, anamnestic data on
post-traumatic infection suggest a 2-week incubation period.

Some 50% of all reports on human protothecoses relate to localized cuta-
neous infections, slowly-developing single or multiple lesions that do not heal
spontaneously. They are described as diffuse erythema, papulae, vesico-pustu-
les, ulcerations, nodous, eczematous or herpetiform changes located mostly on
extremities. Pain and swelling of soft tissues may occur, as well as various
quantities of serous-sanguineous liquid. Regional lymph nodes are rarely affec-
ted. Failure of prompt diagnosis of cutanous protothecosis may result in the
development of chronic destructive lesions even in immunocompetent indivi-
duals. The second most frequent form of protothecosis is olecranon bursitis,
which develops as a consequence of traumatic implantation of the agent. It is
manifested as induration of the bursa, associated by swelling and moderate
erythema (Galan et al., 1997). The rarest and most severe form of the infec-
tion is disseminated or systemic protothecosis, described in patients with dura-
ble course of primary disease or immune dysfunction (diabetes mellitus, mali-
gnancy and chemotherapy, renal transplantation, systemic lupus erythematosus,
corticosteroid therapy and HIV infection) (Kunova et al., 1996).

Animal protothecoses

In veterinary medicine, Prototheca zopfii and rarely also P. wickerhamii
are reported as causative agents of cutaneous protothecosis in dogs and cats,
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systemic protothecosis in dogs and mastitis in dairy cows (Gonzales, 1996,
Monopoli et al, 1995).

Dogs and cats

Cutaneous protothecosis induced by P. wickerhamii is the only disease
manifestation described in cats (Dillberger et al., 1988). In both cats and
dogs, the cutaneous form results from injury infection and is manifested by the
occurrence of ulcerative lesions, scabs and pyogranulomatous dermatitis in
limbs, trunk and mucous surfaces. Hyperkeratosis may develop too, and fre-
quent complications are due to secondary bacterial infections. Pathohistological
examination of skin bioptates reveals abundant protothecal organisms within
the cytoplasm of phagocytic cells (Ginel et al., 1997).

In systemic protothecosis in dogs it is most likely that algae enter the
body by ingestion, passing the intestinal mucosa (infection portal) and dissemi-
nating to the entire body via the hematogenic and lymphogenic routes (Hol -
lingswort, 2000). Systemic prorothecosis in dogs is mostly induced by P.
zopfii, rarely by P. wickehamii, and disease symptoms depend on the organs
and organ-systems affected, as well as on the severity of the lesions. Unremar-
kable and unspecific symptoms mostly result in delayed diagnosis, enabling
the agent to spread over the entire body. Even in systemic infections only cu-
taneous manifestations, symptoms of gastro-intestinal disorders and eye infec-
tion were clinically manifested (Hollingswort, 2000; Ginel et al,
1997).

Numerous reports have indicated gastrointestinal disorders as most fre-
quent clinical signs of disseminated protothecosis. Migaki et al. (1982) de-
scribed hemorrhagic colitis in dogs induced by P. zopfii. The colon is the most
severely affected site, but lesions are visible over the entire intestine. Clinical
manifestation of the disease includes vomiting, tenesmus and intermittent dia-
rrhea (blood and slime in the feces). Colonoscopy reveals diffuse hyperemia,
hemorrhages and ulcerations, as well as multiple granuloma of the mucosa,
which, in the further course of the disease, results in intestinal stricture and
obstipation.

The infection can spread to the central nervous system, cardio-vascular
system and urinary tract, liver, skeletal muscles, lymph nodes, thyroid gland,
pancreas, peritoneum and diaphragm (Hollingswort, 2000). Infection of
the eye is common manifestation of systemic protothecosis in dogs. It results
in severe damages and blindness that are due to development of glaucoma and
retinal ablation. Protothecae are identified by microscopy examination of /u-
mor vitreus (Schultze et al., 1998). Manifest signs of disease in CNS (cer-
vical pain, depression, ataxia, pareses) are rare. The affected organs exhibit
typical reaction to protothecal infection, i.e., formation of granulomes 0.5—2
mm in diameter with the cell infiltrate composed of cell plasma, macrophages
and neutrophiles.
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Bovine mastitis

Prototheca was first linked to mastitis by Lerch in 1952. Mastitis in
dairy cows is mostly induced by P. zopfii, sometimes by P. wickerhamii (Gon -
zales, 1996; Janosi et al., 1998). P. zopfii mastitis is a disease of highly
productive cows in the machine-milking systems. Although it mostly occurs
sporadically, endemic events are also reported (Janosi et al., 2000). Proto-
theca spp. as well as species of Staphylococcus, Streptococcus, Arcanobacte-
rium pyogenes and Mycoplasma may be of great significance for the herd
(Bobos and Vidi¢, 2003), especially if infection is not timely diagnosed.
Similarly to some bacterial species such as Arcanobacterium pyogenes, Paste-
urella multocida or Corynebacterium ulcerans, Prototheca is rarely identified
as the mastitis agent (Suvajdzié¢ et al, 200lb; Suvajdzicé et al., 2003;
Suvajdzié et al, 2001). The wide distribution of these algae in the envi-
ronment and their occurrence and isolation at the farms showing no sign of
protothecal mastitis indicate the crucial role of predisposing factors, such as
poor milking hygiene or prolonged antimicrobial therapy of mastitis of other
etiologies (Anderson and Walker, 1998; Schlendstedt et al.,
1997; Tenhagen et al., 1999). Outbreaks of seasonal protothecal mastitis
have been reported during warm and humid periods of the year that promote
the propagation of these organisms in their natural habitat (Costa et al.,
1996).

Infection commences at the papillae of mammary glands in all lactation
phases, including dry period (www.Uvex.edu/miklquality/prototheca). In the
first weeks of lactation an increased susceptibility to infection was observed,
which is due to the pronounced energetic misbalance (Costa et al., 1997).
The infective dose is not yet defined. In experimental conditions, infusion of
40—480 CFU P. zopfii results in mastitis in 100% cases. Five days after the
experimental infection the alga can be isolated from milk in a yield 20 000—
50000 CFU/ml M cDonald et al., 1984a). Anticipated infective doses for
natural infection are high in comparison with other mastitis agents. This
quantity is provided through permanent contact of teeth ends with the primary
infection sources such as soil, plants, water sources and feces. A common in-
fection source is improper sanitation before the mastitis treatment, since the
organism may be introduced via the infusion material, similar as Nocardia
species. Furthermore, cow-to-cow infection during milking is also possible (A n -
derson and Walker, 1998; Dion, 1979). Prototheca spp. have been re-
covered from the rubber parts of milking equipment and they showed height
resistance to routine disinfection with chlorine solutions (Anderson and
Walker, 1998; Costa et al., 1997). Despite the observed mixed infections
with Staphylococcus aureus and Streptococcus spp., synergy of P. zopfii and
other bacteria pathogenic for bovine udder was not confirmed (Schlen-
sted et al.,, 1997).

Protothecal infections result in chronic manifest subclinical and clinical
mastitis without signs of systemic infection (fever, depression) (Tenhagen
et al.,, 1999). Compared with mastitis forms of other etiologies, the inflam-
matory process is milder during the acute phase. Besides the moderate course
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of the disease and pain, decrease in milk production is observed, associated
with somewhat altered, watery secretion containing clots. The usual antimicro-
bial therapy brings no improvement. Somatic cell count is mostly higher than
1 million/ml; however, individual values may range between 6 and 9 millions/
ml Janosi et al, 1998), sometimes even exceeding 20 millions/ml (M a -
linowski et al., 2002). In that respect, even a limited infection may affect
the milk quality within herd. Pursuant to our Regulations on Hygienic Safety
of Milk, the threshold value for somatic cell count in hygienically safe milk is
500,000/ml, while regulations of EU countries do not allow values higher then
300,000/ml (Bobos et al, 1997). If protothecal infection, especially subcli-
nical one, is present in a herd, the somatic cell count in bulk milk samples
may be the indicator of the suspect agent.

Since there is neither effective therapy nor spontaneous cure, protothecal
infections of the mammary gland become chronic and persist through several
lactating periods. Algae are limited to the mammary gland and regional lymph
nodes exhibiting granulomatous inflammation. Histological lesions are charac-
terized by massive aggregation of macrophages, plasma cells and lymphocytes
(Bobo$§ and Vidié, 2003). Sporangia and sporangiospores are inside the
macrophage and neutrophiles in the alveolar lumen and interstitium, suggesting
that intracellular proliferation is responsible for inability to overcome the in-
fection Janosi et al, 1998). A pathohistological examination of udder tis-
sue in chronic disease course has revealed the progressive interstitial mastitis
with consequent alveolar atrophy (Janosi et al., 2001). Such changes of the
mammary gland result in a progressive drop in milk production (Costa et
al.,, 1997, McDonald et al, 1984b; Tenhagen et al., 1999).

Attempts to locate sites containing Profothecae in dairy-cow housings ha-
ve not proved to be successful, as examination of highly-contaminated samples
from the environment does not support such measure (www.Uvex.edu/mikl-
quality/prototheca). Cows should be kept out of humid areas, particularly these
containing manure and decomposing plant material in order to prevent the pa-
pillae from exposure to the infection sources (Costa et al.,, 1996). Proper
draining system will lower the number of microorganisms in the environment.
It is of paramount importance to prevent contact of the teeth ends with feces
and moist manure 25—30 minutes after milking because of the relaxed papilla
sphincter Janosi et al., 1998). If Prototheca is isolated from milk samples,
it is recommended to examine all cows in the herd (Hod ges et al., 1985).
Similar to the Mycoplasma bovis and Staphylococcus aureus, Protothecae are
intermittently shed in the milk (Gonzales, 1996). As they may be transfer-
red from cow to cow during milking, it is necessary to separate the infected
animals and milk them last until final exclusion from the herd (Anderson
and Walker, 1998). Sporadic occurrence of mastitis justifies the culling of
infected animals as a measure for prevention of further spread of the infection.

A failure to promptly diagnose the infection and to apply measures for
prevention of its spreading inevitably results in the culling of infected animals
and decreased milk production and quality, which may cause significant eco-
nomic losses at dairy farms. The program for mastitis control must include al-
so the Prototheca algae (Schlensted et al, 1997). Pursuant to legislative
regulations in our country, only the exclusion of Staphylococcus aureus and
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Streptococcus agalactiae is obligatory. As identification of protothecal infecti-
ons is not a part of routine microbiological examination in veterinary medici-
ne, reports on their occurrence are extremely sporadical (Milanov, 2004;
Milanov, 2005). A more complex diagnostic approach including a longer
incubation period and use of restrictive media should become a regular practi-
ce in diagnosing clinical and subclinical mastitis (SuvajdZzi¢ et al., 2001a).
Milk and dairy products contaminated with P. zopfii are potential sources
of human infection. An examination of the susceptibility of 40 strains of P.
zopfii isolated from cow milk to different heat-treatment regimens (72—75°C/
15 sec; 72—75°C/20 sec and 62—65°C/30 minutes) revealed resistance in at
least one of the tests in 34 of the examined strains Melville et al., 1999).

Diagnosis

Protothecoses are diagnosed by histopathological examination or, more
exactly, by isolation of disease agent.

Histopathological examination

Prototheca spp. are haematoxilinophyllic, hence, staining of tissue section
by haematoxilin-eosin is not the most appropriate method for their identifica-
tion. Visualization of the organism is achieved by Gomori-methenamine silver
or periodic acid-schift (PAS) staining techniques when “morulae” are visible,
mostly bigger than the ones observed in vitro (10—30 um). Empty sporangia
resemble fungi. The sporangia of Prototheca spp. are smaller and contain
fewer spores in comparison with Coccidioides immitis and Rhinosporidium se-
eberi. The organism differs from Blastomyces dermatitidis and Cryptococcus
neoformans by the size, internal structure and lack of budding (Di Persio,
2001). For identification of Protothecae in tissue specimens, the immunofluo-
rescency technique is applied (Sudman and Kaplan, 1973).

Isolation

Prototheca spp. can be recovered (intra vitam) from samples of skin sca-
rificates (cutaneous protothecosis), joint punctuate (bursitis olecranona), feces
(hemorrhagic diarrhea in dogs), urine (urinary infections in dogs) and cow
milk (protothecal mastitis). Material is inoculated on blood agar and Sabou-
raud dextrose agar using standard laboratory techniques. Plates are incubated
for 48—72 h at 25—37°C (Milanov et al., 2003q).

Cultural and biochemical features

Prototheca spp. grows easily on most standard laboratory nutritive media
such as blood agar and Sabouraud-dextrose agar. For isolation from contami-
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nated samples, application of selective media containing inhibitors of normal
microbial flora is recommended. The growth of Profotheca spp. is inhibited by
cycloheximide, yet not by hloramphenicol. A special Prototheca medium con-
tains folate for inhibition of bacterial growth and 5-florocytosine for suppres-
sion of yeast growth. After incubation for 24—72 h at 25—37°C, visible P.
wickerhamii colonies are formed which are smooth, white and yeast-like (D i
Persio, 2001). Colonies of P. zopfii on Sabouraud-dextrose agar are clearly
formed in primary culture after 48—72 hours of incubation. They are mostly
large, irregularly margined, with granular surface and a compact central protru-
sion Janosi et al, 1998; Milanov et al.,, 2004). Colonies grown on
blood agar are mostly very small and pale gray Milanov et al., 2004). If
the isolation medium does not contain growth inhibitors, Prototheca colonies
may be overgrown (covered) by bacteria after prolonged incubation (Di Per -
si0, 2001). Since it is slow-growing, the organism may easily be missed in
routine practice if incubation is terminated after 24 h (Tenhagen et al,
1999). The colonies are of creamy consistency, readily suspended in saline so-
Iution when making microscopy slides. Microscopy is indispensable to distin-
guish Prototheca spp. from yeasts, since differentiation is not possible on the
basis of their cultural features.

Characteristic microscopic appearance of Prototheca spp. is best observed
by examining native preparations using phase-contrast microscopy, when for-
mations described as “morula” or “mulberry” is visible. Prototheca spp. is
easily methyl-blue and Gramm-stained, but heat-fixation may induce morpho-
logical impairment. In Gram-stained preparations, positively stained spores and
Gram-negative empty sporangia are visible (34). Sporangia of P. wickerhamii
are 7—13 pm, of P. zopfii 14—16 um in diameter. Final diagnosis is made by
the carbon-hydrate assimilation test (API 20C Bio Merieux; VITEK® Yeast
Biochemical Card; RapID Yeast Plus System-Remel). All Protothecae use glu-
cose as the carbon source. Trechalose assimilation is the key parameter for dif-
ferentiation between the two pathogenic strains. According to phenotype and
genetic criteria, including growth- and biochemical characteristics and sero-
typing, various isolates of P. zopfii are classified into three biotypes. Biotype
II, which ferments glucose and glycerol but not galactose, is mostly isolated in
bovine mastitis and human enteropathies (Roesler et al., 2003).

Therapy and prognosis

Pharmacological protocol for therapy of this rare infection has not been
developed yet either in human or in veterinary medicine. Several antifungal
agents are applied for treatment; however, the observed effects are variable. In
human medicine, Amphotericin B, a product of Streptomyces nodosus (S u -
vajdzic, 2004), is used for therapy of disseminated protothecosis. This is a
funghistatic or fungicide that inhibits ergosterole synthesis in the cell membra-
ne of Prototheca spp. The drug has proven to be nephrotoxic, and confirmed
oversusceptibility is contraindication to its use. Administration of immidazoles,
such as itracosanole, ketoconasole, fluconasole and clorimazole, may show so-
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me improvement; however, their efficacy is not yet confirmed due to variable
clinical response. Where possible, surgical excision is the treatment of choice.
Prognosis is promising in patients with localized infection, and healing is often
achieved. Prognosis is less predictable, mostly bad, in patients with other dise-
ases and in immunocompromised patients.

Therapy of systemic protothecosis in dogs may include amphotericin B,
tetracyclin, ketoconasole, itraconasole, fluconasole and chorimazole; however,
outcomes of such therapies are not yet established. Cutaneous protothecosis
caused by P. wickerhamii requires both medicamentous treatment and surgical
excision.

In vitro isolates of P. zopfii from milk exhibited sensitivity to amphothe-
ricin B, nystatin, polymyxin B, gentamicin and neomycin (McDonald et
al.,, 1984b; Malinowski et al., 2002). Effective therapy of protothecal
mastitis has not yet been developed and the only measure to control the spread
of infection in the herd is exclusion of infected animals.

Sensitivity of Prototheca spp. in vitro does not necessarily correlate with
its efficacy in vivo.
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OINIITE KAPAKTEPUCTUKE U 3HAYAJ AJITU TEHYCA PROTOTHECA
Y XYMAHOJ U BETEPMUHAPCKOJ MEJULINHNA

Hy6paska C. Munanos!, Jbubana b. Cysajinh?
I Berepunapcku nHctutyT “Hosu Can”, PymeHauku myT 6,
21000 HoBu Can, Cpbuja
2 MenuuuHceku dakynret, Onacek 3a dapmaunjy, Xajayk Besbkosa 3,
21000 Hosm Can, Cpbuja

Pesnme

Prototheca spp. cy peJaTMBHO HeIoO3HATe ajire, CBpCTaHe y reHyc Prototheca,
dbamunuje Chlorelaceae. YOUKBUTApHE Cy TIPUPOIU U HUXOBA PACIIPOCTPAHEHOCT je
YIJIaBHOM Be3aHa 3a BJaKHa IMOApYydYja Koja caapike OWbHY MaTepujy y pacrnagamy,
v Cy M30JI0BaHe M M3 KOXHUX cKapudukara, ciyTyma W dereca Jbyan, Kao U W3
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HM3a JoMahMX MU HEKMX BPCTa JAMBIBUX KUBOTUHA. Prototheca spp. cy jeaHoheaujcku
OpPraHM3MHU OBAJIHOT MU C(HepUIHOT O0JIMKA KOjU ce Ol OaKTepuja U IVbMBa PA3IUKYjy
M0 BEJIMYMHU, OOJIMKY M HauMHy pernpoaykiuje. On meT Mmo3HaTUX BpCTa OBOI poja,
caMo ce P. wickerhamii v P. zopfii cMatpajy nmaToreHMMa U, 10cafa, OHE Cy jelUHU
MO3HATU OWJbHM Y3POUHM areHc MHMEeKIuja Jbyau W KUBOTUIbA. Y TOCAeNbUX 25 ro-
IMHA Yy MEAUILIMHCKO]j IUTepaTypu omnucaHo je Buiie on 100 ciydyajeBa XyMaHUX IIPOTO-
TEK03a, YIJIaBHOM M3a3BaHUX ajirama P. wickerhamii, a pehe P. zopfii. Oxo nojoBuHa
CBMX M3BellTaja XyMaHMX IMPOTOTEKO3a OMHOCU CE€ Ha JIOKAJTM30BaHe KOXHE MH(MEKIIM-
je u oypcutuc osnekpaHoHa. Hajpeha u Hajrerka dopma mHbeKIMje je TruceMUHUpaHa
WM CHCTEMCKa MPOTOTEK03a, ONMKcaHa KO TalijeHaTa ca IPYyTMM OCHOBHUM 000Jbe-
HBEeM UM UMYHOJIOLIKOM TUCHYHKIMjOM. Y BeTepMHAPCKO] MEAULIMHU Prototheca zop-
fii a pehe u P. wickerhamii HaBoAe ce Kao Yy3pOUHMUIIM KyTaHE MPOTOTEKO3€ Maca u
Mayaka, CUCTeMCKe MpOTOTEeKOo3e Maca M MacTUTHCa MJIeYHMX KpaBa. [IpoTorekanHe
nH(peKIMje ce MOTy NUjarHOCTUKOBATU MATOXUCTOJOIIKUM TIPETJIeIOM WUIN er3akTHUje,
M30JallMjOM Y3POUHMKA, MajJa ce Ol KBaCHMIIA He MOTY pa3jJMKOBAaTH CaMO Ha OCHOBY
KYJTypeJHUX ocoOuHa. [edUHUTUBHA NMjarHO3a IOCTaB/ba CE TECTOM YIJbEHO-XU-
npatHe acumuiauuje. [IpoGiem Kom oBUX MH(EKIIMja je IITO Ce Ha HbUX PETKO IMOCYyM-
Wa ¥ HUCY TIpeIMeT pyTHMHCKe JlabopaTopujcke mpakce. Hu y xymaHoj HU y BeTepu-
HapCKOoj MEAUIIMHUA HeMa Ie(UHUCcAHOT (apMaKoJIOIIKOr MpoToKoaa y Tepanuju. He-
KOJINKO aHTU(YHTaTHUX areHaca KOPUCTM C€ y Tepamnuju ca pasIuduTUM e(hEeKTOM.
Tamo rme je moryhe, ¢ 003upoM Ha JOKaJIM3alMjy, TPeTMaH M300pa je XUpypllKa eKc-
nu3urja. Kom mamujeHaTta ca Jokaain3oBaHOM MHQEKLIMWjOM IPOTHO3a je mo0pa M oOud-
HO ceé MOCTIbKe u3jederhe. [IporHosa kKoa maluyjeHaTa ca IPyrdM O0ObeHhUMa U UMY-
HOCYIIPECUjOM Mambe je MpeABuAMBa U Moxe outu jowa. OcetsbuBoOCT Prototheca spp.
Ha aHTU(YHTaJIHE areHce in vitro He Mopa OUTU y Kopejaluju ca in vivo e(pUKacHO-
wurhy.
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ISOLATION OF PASTEURELLA MULTOCIDA SUBSPEC.
MULTOCIDA FROM CHRONIC PERIAPICAL LESION

ABSTRACT: This study presents five isolates of Pasteurella multocida subsp. multo-
cida, isolated from chronic periapical inflammatory lesion. We described the methods of
sampling and cultivation as well as diagnostic criteria. Pasteurella multocida was diagnosed
on the basis of characteristic cultural and tinctorial properties and the facts that all strains
produced indole and induced ornithine decarboxilation, glucose, saccharose and manitole
fermentation. Isolates produced neither urease, nor fermented lactose and maltose. Further
classification to subspecies multocida was based on the fact that all investigated isolates fer-
mented trechalose, xylose and sorbitol, the traits which are diagnostically significant for the
species. Patients deny any contact with farm animals or pets, which indicates a possible
aerosol transport and animal-human as well as human-human infection. We consider that
this organism should be paid more attention by dentist, oral surgeons and microbiologists.

KEY WORDS: Pasteurella multocida, Periapical Lesion, Izolation

INTRODUCTION

Pasteurella multocida is a commonly isolated animal pathogen (Ba-
lows et al., 1991); however, it is a rarely isolated in humans and its etiology
is still unclear. There are reports on isolation from goat respiratory organs,
wounds and skin burns (Ho, Bush, 2000). Recently, this rare agent has
been implicated in severe systemic illnesses in humans, such as endocarditis
(Fukumoto etal, 2002), lung abscess (Hazouard et al., 2000), menin-
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gitis (Wade etal., 1999) and septicemia after animal bite (Shimizu et al.,
1995). Diseases in humans are commonly attributed to the contact with farm
animals (Isenberg and D’Amato, 1990; Shimizu et al, 1995) or
pets (Arashima et al., 1992), since the Pasteurella species is recognized as
“normal flora” in the oral cavity of cats, dogs and other domestic and wild
animals. Human infection can also occur after non-bite or other direct animal
exposure; usually by aerosol droplet-route by kissing the pet (Arashima et
al., 1992).

All five patients in whom this microorganism was isolated denied any
contact with animals, including pets. In the available literature from our coun-
try (Popovié etal, 1974; Sokolovié, 1975) as well as from internatio-
nal sources (Grossman, 1959; Spatafore et al., 1990) we did not find
a single references on isolation of Pasteurella species as a causative agent or
accidental finding in chronic periapical inflammatory lesion. In that respect,
we are of the opinion that our isolation of Pasteurella multocida subspecies
multocida from two radicular cysts and three granulomes positioned around
the tooth root is the result worth to be presented.

MATERIAL AND METHODS
Sampling and transportation

Specimens were obtained aseptically, in the operation room. The mucosa
of the oral cavity was disinfected with 0.5% asepsole and 76% alcohol. After
lifting of mucoperiostal lobe, steel trephine was used to remove buccal cortex
of the jawbone and to make an opening wide enough to approach the outer
wall of the granuloma or a cyst. A sterile syringe was used for aspiration of
the lesion-content, which was then transferred to a thyoglycolate broth and
submitted to the laboratory. Specimens were examined immediately.

MICROBIOLOGICAL METHODS

Aliquots of thyoglycolate broth were cultured on agar plates containing
10% sheep blood, one nutritive and one McConkey agar, and Sabouraud medi-
um. Both blood and a nutritive agar were cultivated/inoculated simultaneously
with and without Staphylococcus aureus growth line. One of each blood plates
were incubated under microaerophillic conditions, while the remaining plates
were incubated under aerobic conditions at 37°C, by the method described by
Suvajdzi¢ (Kapetanov, 2000). The remaining thyoglycolate broth was cul-
tivated at 37°C and subcultured after 48 hours on blood agar plates. Plates
(one of each sample) were cultivated under aerobic, microaerophillic and anae-
robic conditions. All primarily inoculated plates were examined after 18 hours
of incubation. Colonies suspected to be Pasteurella were Gram-stained and
subcultured to McConkey agar, blood agar and nutritive agar. Biochemical se-
ries included the following: Kligler, liquid indole, urease by Christensen, ornit-
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hin, glucose, lactose, saccharose, maltose and mannitol by the method recom-
mended by Quinn (Quinn, 1998).

Further differentiation to subspecies was done on the basis of the ability
to ferment trechalose, xylose, arabinose, sorbitole and dulcitol. Diagnostic test
of susceptibility to penicillin disc was also performed.

RESULTS

After incubation period of 18 hours, visible colonies were observed on
two blood agar plates, cultivated under aerobic and microaerophillic condi-
tions. The colonies appeared bigger in conditions of increased CO, tension.
Isolates did not show any dependence on staphylococcal growth.

Colonial grown on the nutritive agar did not require addition of blood
factors for growth.

Colonies were delicate, dew-drop like, grayish, butter-like in consistence,
shiny and convex. They were easily removable and dispersible. Neither a com-
plete nor an incomplete erythrocyte lysis was observed. On a nutritive agar,
colonies of the same traits grew slightly slower and were smaller than the co-
lonies on the blood agar. No growth of primary cultures or subcultures occur-
red on McConkey and Sabouraud media.

Subcultures were performed from the thyoglycolate medium after 48 ho-
urs of incubation. Growth was observed in aerobic and anaerobic conditions,
but the best growth rate was obtained under microaerophillic conditions. Colo-
nies exhibited the same characteristics as the primary isolates. Preparations
were made both from primary isolates and subcultures and subjected to Gram-
-staining technique. In Gram stained preparations, after 18 hours, gracile,
short, Gram-negative rods and coccobacils were observed, sizing around 1
micron and showing strong bipolar staining.

All isolates revealed positive reaction for cytochromoxidase and catalase
production.

BIOCHEMICAL CHARACTERISTICS

Two biochemical series were made of each specimen — one from the
primarily cultivated plate and one from the subculture after incubation in
thyoglycolate broth. There were no deviations among the series. All strains
produced indole, decarboxilated ornithin, fermented glucose, saccharose and
manitol. The investigated isolates showed negative results for urease produc-
tion and for lactose and maltose fermentation.

On the basis of the presented parameters, the strains were defined as Pa-
steurella multocida. Further classification to three possible subspecies determi-
ned the organism as Pasteurella multocida subspecies multocida, due to the
fact that all investigated isolates fermented trechalose, xylose and sorbitol,
which are traits diagnostically significant for the species.
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DISCUSSION AND CONCLUSION

Our positive findings in oral cavity, upper and lower parts of respiratory
organs (Ho, Bush, 2000) indicate the possibility of isolation of this orga-
nism in humans, which can cause a severe disease especially in compromised
hosts and under conditions of decreased general or specific immunity (in our
patients — the preceding dental problems).

With respect to the cultural, tinctorial and biochemical characteristics (S u -
vajdzié, 2000), our isolates corresponded with the available literature (Hol -
mes et al., 1995; Quinn, 1998). Since Pasteurella was isolated from five
patients with a pronounced pathological process, presenting the only bacterial
isolate, we believe it was etiologically significant. We are of the opinion that
this microorganism deserves particular attention of dentists (sampling and tran-
sportation of specimens) and bacteriologists (since its colonial appearance and
routine biochemical examination of isolates may misdirect them towards “non-
fermenting microorganisms” which present normal bacterial flora or oral ca-
vity or towards weakly fermenting representatives of the genus Enterobacte-
riacea).
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Pe3ume

VY pany je npukasaHo net usonara Pasteurella multocida subsp. multocida w3ono-
BaHMWX M3 XPOHUYHMX MepUaANMKaTHUX HH@IamaTopHux Jieduja. OmnucaH je HauyuH
y3uMama Marepujajia, 0aKTepuoJIoIlIKe o0paje y30pKa M JUjarHOCTUYKU KPUTEPHUjyM.
Ha ocHOBY KapakTepUCTUUHMX KYJITypPaJIHMX U TUHKTOPHUjAJIHMX OCOOMHA, Ka0o U UYM-
HEHUIIE JIa CY CBU COjeBM IMPOAYKOBAIM WHIOJ, NEKapOOKCUIMCAIU OPHUTHUH, (hep-
MEHTHCAJIA TJIYKO3Yy, Caxapo3y M MaHWUTOJ, a HY jeflaH MUCIUTUBAHU M30JIaT HUje TPO-
IIYKOBAO ypeasdy, HUTU (PepMEHTHCAO JAKTO3y M MajJTo3y, IIOCTaB/beHA je AujarHo3a
Pasteurella multocida. Subspecies multocida onpeleHa je YMHEHULIOM Aa CY CBU HUC-

* 3axBasbyjeMo ce ITokpajuHCKOM CeKpeTapujaTy 3a HayKy M TeXHOJIOIIKU pa3Boj 3a (hMHAH-
CUpambe UCTPaKMBalhba U3HETUX y OBOM pajay y CKJIOIy Tpojekta 6poj 114-451-01303/2006-01.
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URTICARIA CAUSED BY
ARCANOBACTERIUM HAEMOLYTICUM. DIAGNOSTIC
AND THERAPEUTIC FAILURES

ABSTRACT: We presented a case of seventeen-year-old girl exhibiting mild symp-
toms of sore throat, a marked urticarial rash and heavy desquamations of the skin on palms
and soles. According to the antibiogram and diagnosis of Streptococcus non A non B group
obtained in routine laboratory procedure, the patient was treated with penicillin; however,
ineffectively. Escalation of urticaria and failure of the initial penicillin therapy shifted the
diagnosis towards exanthema toxoalergicum and thus to treatment with corticosteroids and
antihistamines, yet with no improvement. The culture was repeated with a new specimen.
Diagnosis was made according to the specific pattern in a double CAMP test, and confir-
med by the ApiCoryne diagnostic set (BioMerieux).

With respect to cultural traits, the isolate mimicked Streptococcus pyogenes, yet de-
veloping specific pattern in a double CAMP test that directed our diagnosis towards
coryneform microorganisms. The diagnosis of Arcanobacterium haemolyticum was confir-
med with 99.9% probability rate and T = 0.75.

KEY WORDS: Arcanobacterium haemolyticum, exanthema, diagnosis, erythromycin
therapy

INTRODUCTION

Arcanobacterium haemolyticum (A. haemolyticum) is one of the four spe-
cies of the genus Arcanobacterium [R amos, 1977] exhibiting all characteri-
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stics of irregular non-sporulating Gram-positive rods [Holt, 1994; Funke,
1997].

Man is the primary reservoir and the most frequently affected species,
though there are reports of isolates of animal origin [Richardson and
Smith, 1968; Roberts, 1969; Younan and Drescher, 1996; Su-
vajdzic¢ et al, 2002; Suvajdzié et al, 2002]. Young adults are the
most frequently affected population [Miler et al.,, 1986; Slarridge, 1989;
Carlson etal., 1994, Nyman and Banch, 1984], but there are reports
of infection in children [Karpathios et al., 1992]. In immunocompromi-
sed individuals, infections of the upper respiratory tract are mostly induced
[MacLean et al, 1946; Mackenzie et al., 1995; Chalupa et al,
1995], which may be associated with a rash [Banck and Nyman, 1986]
of the scarlatinoform [Carlson et al.,, 1994] or urticarial type and enlarged
lymph nodes, particularly in the neck region [Banck and Nyman, 1984].
Clinical symptoms mimicking rash fevers of viral etiology and undefined aller-
gic events often result in overlooking this organism in a suspect diagnosis.
Due to its close similarity to the beta-hemolytic species of the genus Strepto-
coccus and nondescript colonial architecture, it is often misidentified in a rou-
tine practice, though its pathogenic potential is well established as early as
1946 [MacLean et al., 1946].

MATERIAL AND METHODS
Study subject

The patient was a seventeen-year-old girl without personal or family
history of chronic disease or allergy. She was admitted for examination becau-
se of a skin rash in the chest region. The patient was in good general condi-
tion, with slightly increased body temperature (37.3°C) and without any su-
bjective complaints.

Physical examination revealed a light-pink macular rash, circular in sha-
pe, with no skin elevation, with distinct maculae surrounded by unchanged
skin. Signs of mild rhinopharyngitis were evident, as well as a slight enlarge-
ment of a submental lymph node (about 1 cm in diameter). There were no
changes on other organs and organ systems. The presentations were characteri-
zed as Rubella and symptomatic therapy was recommended.

After 2—3 days, changes of rash appearance and distribution became ob-
vious, extending across the body and extremities, being most prominent at the
lower abdomen. Efflorescences were maculopapular, slightly elevated from the
skin level, red, oval, distinct or convergent (particularly on the extremities),
different in size, and with zones of healthy (unchanged) skin amongst them.
Pronounced pruritus was present. Body temperature was slightly increased
(37.3°C), the pharynx was hyperaemic without enanthema, and the submental
Iymph node was unchanged with respect to the previous examination.

Laboratory findings showed a slightly increased sedimentation rate, 20
mm/hour. Blood count revealed leucocytosis 15x103%/1 with prevailing neutro-
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phyles (87%), fibrinogen 4.0. Billirubin, transaminase and gamma GT values
were within the limits of normal ones. Electrophoresis of serum proteins was
not performed due to technical reasons.

Complement fixation test (CFT): Adeno 1/16, Mycoplasma pneumoniae
< 1/4, Chlamydia trachomatis (group Ag) < 1/2, Paul Bunell negative

Enzyme Linked Immunosorbent Assy (ELISA) IgM Rubella negative

Pharyngeal swab: Streptococcus non A non B group

Recommended therapy — Fenoxymethylpenicillin (Cliacil®).

The therapy applied in the first week was ineffective.

The efflorescences gradually resolved over a period of seven days, but
new ones of the same characteristics occurred in other skin areas. Around day
12 after the commencement of the rash, discrete scaling of palms was noted,
progressing to massive desquamation of large epidermal areas within 2—3
days. Palms and soles were extremely painful to palpation.

Skin changes were characterized as exanthema toxoallergicum by the epi-
demiologist and dermatologist. The dermatologist suggested antihistaminic the-
rapy with terfenadine (Bronal®) and corticosteroids (Dexason® tb.). The the-
rapy was administered during the second week of illness, without any impro-
vement with respect to skin changes.

In the third week of illness, the rash gradually diminished and desqua-
mation of palms and soles ended. The overall condition of the patient was
good, except for the malaise and fatigue. The patient was referred by his
physician to the microbiology laboratory of the Department of Pharmacy with
the aim of receiving specific therapy. In that respect, the pharyngeal swab was
repeated, revealing presence of Arcanobacterium haemolyticum. We suggested
a therapy with erythromycin, 500 mg, 2 times per day, during 7 days. The
therapy was administered in the third week of illness. Improvement occurred 2
days following the administration of erythromycin.

MICROBIOLOGICAL METHODS

The pharyngeal swab was simultaneously inoculated with and without
growth lines of Staphylococcus aureus (2 plates of each). Subcultures were
cultivated on two thioglycolate and one nutrient broth. Thioglycolates were in-
cubated at 37 and 44°C, and the nutrient broth was kept in refrigerator at
+4°C. After 48 hours, thioglycolates were subcultured onto three blood agars,
which were incubated aerobically, anaerobically and microaerophilically. The
nutrient broth was incubated at +4°C during 7 days. Subcultures on blood agar
were made daily.

Preparations of primoisolates and subcultures were Gram stained, and the
grown colonies examined in catalase, oxidase and esculin tests. “Double CAMP
test” (Rhodococcus-a ureus CAMP at the same blood agar plate) [4, 18] was
performed, and possibility of bacterial growth in the presence of bile acids
(0.33% cholic and 0.33% monoketocholic acid) was investigated. Ability of
agglutination with streptococcal serums in the commercial Slidex Strepto Bio-
Merieux set (Bio Merieux, Marcy-I’Etoile, France) was also tested. Final diag-
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nosis was performed with the API Coryne (Bio Merieux, Marcy-I’Etoile, Fran-
ce) diagnostic kit, and later evaluated using a software program from the same
manufacturer.

RESULTS

In all incubation and temperature conditions, small hemolytic colonies
grew on blood agar, which strongly resembled beta haemolytic cocci. How-
ever, they did not agglutinate with any of streptococcal diagnostic sera in the
SLIDEX Strepto-kit (BioMerieux, Marcy-1’Etoile, France). Further thorough
investigation of the subcultures revealed Gram-positive rods in young cultures
(up to 18 hours of age), which, with age, changed their morphology towards
pleomorphism and polychromasia. The tendency towards Gram-labile, granula-
ted, irregular coccoid form culminated as early as in 24 hours. Oxydase, cata-
lase and esculin tests were negative. In a double CAMP test the isolate produ-
ced a strong restriction of haemolysis of S. aureus and a marked synergistic
haemolysis with Rhodococcus equi, with a characteristic “open umbrella” sha-
ped pattern (Figures 1, 2 and 3). Biochemical characteristics are summarized
in Table 1.

Fig. 1 — CAMP phenomenon on day 1 of incubation
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Fig. 2 — CAMP phenomenon on day 2 of incubation

Fig. 3 — CAMP phenomenon on day 3 of incubation
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Note development of the specific pattern of species-specific A. haemo-
lyticum in a double CAMP test — synergistic haemolysis with Rhodococcus
equi (“open umbrella”) and restriction of beta-haemolysis of Staphylococcus
aureus

Key Note:

Right vertical line = Staphylococcus aureus

Left vertical line = Rhodococcus equi

Top and bottom horizontal lines = Streptococcus agalactiae

Two horizontal lines in the middle = Arcanobacterium haemolyticum

Tab. 1 — Biochemical characteristics of the investigated A. haemolyticum strain. Identification ta-
ble of % positive reaction after 24h at 35—37°C

ISOLATE REACTION
INVESTIGATED IDENTIFICATION

TEST REACTION STRAIN TABLE
1 2
NIT NITrate reduction 0/1 1
PYZ PYraZinamidase 1/1 98

Pyrolydonil

PyrA Arylamidase o 70
PAL Alkaline phosphatase 1/1 85
B-GUR Beta glucuronidase 0/1 36
B-GAL Beta galactosidase 1/1 89
o-GLU Alpha glucosidase 0/1 92
B-NAG N-A-Glucosaminidase 1711 89
ESC Esculin 0/1 0
URE Urea 0/1 0

The result was red using the BioMerieux software program (Bio Merieux,
Marcy-I’Etoile, France), being A. haemolyticum, with the probability rate of
99.9% and T = 0.75. The only parameter that departed from the identification
table was alpha glucosidase negativity, which should have been positive in
92%.

DISCUSSION

A. haemolyticum was isolated in a 17-year-old patient. According to the
results of Miller et al. (1986), this organism is mostly isolated in teenagers
and younger adults. This was also confirmed by Clarridge (1989) and
Carlson et al. (1994).

The organism was isolated from the pharynx, which was confirmed as the
predilection site by several authors [MacLean etal, 1946; Mackenzie,
1995; Chalupa et al., 1995].

The rash was the dominant finding, preceding sore throat, rather urticarial
then scarlatinoform, and accompanied by pruritus. Skin scaling followed by
desquamation of palms and soles was obvious. These changes are not typical
for pharyngitis caused by A. haemolyticum [W agner, 1991] but there are se-
veral descriptions in the literature [Mackenzie, 1995; Chalupa et al,
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1995; Banch, 1986]. The initial report described one of 12 patients with
rash attributed to allergy, diagnosed as exanthema toxoallergicum, same as our
patient [MacLean et al., 1946].

A. haemolyticum was isolated in abundance, without presence of other
potential pathogenic bacterial agents. Streptococcus-like colonies with coryne-
form microscopic appearance were suggestive of Arcanobacterium / Actino-
myces spp. The diagnosis was made according to the characteristic pattern in
the double CAMP test. Haemolysis restriction of S. auerus and synergism with
the equi factor of R. equi is pathognomonic for A. haemolyticum [Claridge
and Spiegel, 1995; Suvajdzi¢ et al., 1998], which was confirmed by
the APICoryne diagnostic set program (Bio Merieux, Marcy-I’Etoile, France).

By the available methodology, viral agents Chlamydia trachomatis and
M. pneumoniae were excluded, thus we believe A. haemolyticum is the causa-
tive agent of the described status. The patient was treated with penicillin that,
in spite of its good activity in vitro, did not result in any improvement. This
result is consistent with reports of Banck, Nyman and Osterlund [B anck and
Nyman, 1986; Nyman and Banch, 1984; Osterlung, 1995; Ny-
man and Banch, 1990].

CONCLUSION

Prompt etiological diagnosis is of crucial importance for clinicians, pro-
tecting patients and physicians from diagnostic and therapeutic failures (in this
case the patient could have been spared from cortisone and antihistaminic
therapy). In cases of a rash of unclear etiology accompanied by pharyngitis,
we suggest excluding the presence of A. haemolyticum. In the case that the
microbiology laboratory does not have relatively expensive diagnostic sets
(BioMerieux or else), diagnosis can be made at the cost of a single blood agar
Petri-plate, using characteristic pattern in a double CAMP test, which is species-
-specific.
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YPTUKA N3A3BAHA ARCANOBACTERIUM HAEMOLYTICUM-OM.
JNJATHOCTUYKA U TEPAITUJCKA JIYTAIbA*

Jbuwmwana B. Cysajuuh!, Exkarepuna A. Mpha2, Mupjana A. Borasair?,
Jbyowuira JI. Ilambac*
I Memuuuncku dakyarer, Oncek 3a dapmauujy,
Xajnyk Bemkosa 3, 21000 Hou Can, Cpbuja
2 3apaBcTBeHa ycTtaHoBa ,,Memta6”, 3aBoja 3a JabOpaTOpUjCcKy AWjarHOCTHKY,
Wnuje OrmwenoBuha 7, 21000 Hosu Can, Cp6uja
3 MemuumHcku dakyntet, Knmuanukn neHtap — OJcek 3a TMHEKOJIOTH)Y
u akyuiepctBo, Xajayk Besbkoa 3, 21000 Hou Can, CpGuja
4 MenuuvHcku (akynreT, KiHUKa 3a cTOMATOJIOTH]Y,
Xajoyk Bemkona 3, 21000 Hosu Can, CpOuja

Pesume

Arcanobacterium haemolyticum ce PEeTKO M30Jyje Kao Y3pOUHUK (hbapuHTUTHCA
koju je y 30% ciydajeBa mpahieH er3aHTeMOM. Y PYTUHCKO] TTPaKCH OOMYHO Ce MpPEBU-
NN jep KJIMHUYKA UMUTHpPA aJeprujCKM, MOCTCTPENTOKOKHU WJIM OCHUIl BUPYCHE €THO-
soruje. TIpukasyjeMo ciydyaj cenlaMHAeCTOTOMMIIILE JICBOjKE Koja je umasia Ojare CUMII-
TOMe ymaje rpja npaheHe HarjJaleHUM YPTUKapUjaTHUM PAIloM ca MOCASIUIHOM Je-
CKBaMalljoM KOJKe CToIlajia M JaHoBa. Bogehu ce pesynratom aHTMOMOrpaMa M Oak-
TEPHUOJIOIIKOM AUjaTHO30M Streptococcus nonA nonB rpyne naiujeHT je TpeTupaH rme-
HULIWJIMHOM aiu Oe3ycrienrHo. Eckananmja ypTuke HaKOH yBohera MEHUIUIUHA 3aBe-
Jla je KIMHWYapa Ka OujarHo3u exanthema toxoalergicum. CTora je HacTaB/beH TpeTMaH
AHTUXUCTAMUHUIIIMA Y KOPTUKOCTEpOMaMMa Takohe GesycneirHo. [ToHOBHO y3eT O6puc
je OakTepuosiolmiku obpalieH y LIMJbY MCK/byuMBaktha KOpMHedOpMHUX Oaktepuja. Ha
OCHOBY crietiuguuHor pesyirtata y nsoctpykoM CAMP TecTy mocymmaHo je Ha Arca-
nobacterium haemolyticum, a nujarHosa je nmotepheHa aujarHocTHIkuM cetoM ApiCo-
ryne diagnostic set. CodTBepcku nporpam UCTOr rpousBohaua nujarHosy Arcanobacte-
rium haemolyticum je OIEHWO Kao OUIMYHY, ca BepoBaTHOhoM umeHTHUTeTa 99,9% Yy3
crerieH curypHoctu T = 0.75. OBakBa AujarHo3a cyrepucajia je epUTPOMUIIMHCKY Te-
panujy — 500 mg 2 myTa AHEBHO y Tpajawby OJf 7 JaHa IUTO je JOBEJO A0 MOTIYHOT
uzneyera nanyjeHta. CXomMHO TOMe y cilydyajeBMMa pallla HejacHe eTUOJIOTHje YApYHkKe-
He ca (GapUHTUTUCOM CYTepUILIEMO UCKIbYUMBawbe Arcanobacterium haemolyticum. Tlpe-
IIM3Ha MUKPOOMOJIOIIKA AMjarHo3a AOCTYITHA je CBAKOj PYTMHCKO] Ja0opaTOpUjuU YKO-
1Ko ce ymecto oomuyHor CAMP Ttecrta y ciydajy 0eTa XeMOJIMTUYKUX KOJOHHUja CTPEIl-
TOKOKHOT u3rjena kopuctu aBoctpyku CAMP Tect.

* 3axBasbyjeMo ce ITokpajuHCKOM CeKpeTapujaTy 3a HayKy M TeXHOJIOIIKU pa3Boj 3a (hMHAH-
CUpambe UCTPaKMBalhba U3HETUX y OBOM pajay y CKJIOIy Tpojekta 6poj 114-451-01303/2006-01.
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EFFECT OF ANTHROPOLOGICAL CHARACTERISTICS ON
THE EFFICIENCY OF EXECUTION OF FORWARD KICK

ABSTRACT: A sample of eighty-two karatists at the ages from ten to fourteen has
been analyzed for a system of 25 variables (12 morphological, 12 basic motoric variables
and 1 specific motoric variable) with the aim of establishing the effect of prediction system
of morphological variables and a system of basic motoric variables on the criterion variable,
i.e., the direct forward kick — mae geri.

The obtained results showed that the system of morphological variables had a stati-
stically significant effect on the execution of direct forward kick. Among the individual va-
riables in the regression analysis, body weight had the largest effect. The stepwise method
showed that body height and weight had highest prediction values. Young karatists of high
body height, with long extremities and increased weight, had better results in the execution
of direct forward kick.

The investigation of basic motoric variables used in the regression and stepwise
analyses indicated that the endurance in half-squat with weight and standing jump had
statistically significant effects on the efficiency of direct forward kick. Thus it was conclu-
ded that the speed of forward kick depends on the explosive and static strength of legs.

KEY WORDS: karate, morphological characteristics, motoric abilities, effect

INTRODUCTION

During the conceptualization and operationalization of this research, it
was assumed that the system of prediction of morphological and basic motoric
variables has a significant effect on some specific motoric structures (technical
elements of karate) of more complex type, such as the criterion variable.

The aim of this researh was to establish the influence of prediction
system of morphological variables on the criterion variable — direct forward
kick (mae geri).
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SAMPLE AND METHODS

The sample of eighty-two karatists at the ages from ten to fourteen was
analyzed for the system of 25 variables: 12 morphological ones, 12 basic mo-
toric variables and 1 specifically motoric variable. The representative sample
of karatist used in this research consisted of eighty-two male members of eig-
hteen karate clubs from the Vojvodina Province (Serbia and Montenegro).

Instruments

The estimation of morphological characteristics was based on the fol-
lowing measurements:

Longitudinal measurements of the skeleton: body height (HEIGHT), leg
length (LLENG) and arm length (ALENG).

Transversal measurements of the skeleton: shoulder breadth (BRESH),
pelvis breadth (BREPEL), and the wrist diameter of (DIAWR).

Body mass and volume: middle bust measurement (MIDBUST), forearm
measurement (FOREARM), mass of body (BODYMASS).

Subcutaneous fatty tissue: skin fold of the upper arm (SUPARM), skin
fold of the abdomen (SABDOM), skin fold of the back (SBACK).

While choosing anthropometric measures, attention was paid to select
those measures which will best represent the above four characteristics, as well
as those which have the best metric characteristics. Each of the abovementio-
ned morphological characteristics was covered by three measures. After a seri-
es of tests, it was establish thet neither the number nor the structure of morp-
hological characteristic change under the influence of the number of anthropo-
metric variables, which means that the morphological dimensions (longitudinal
dimension of the skeleton, transversal dimension of the skeleton, body volume
and mass and subcutaneous fatty tissue) have fully consistent values M omi -
rovié, 1969, Kurelid¢ et al., 1975, Stojanovi¢ et al., 1975).

Following tests were applied for the estimation of basic motoric abilities:

1. The mechanism for movement structuring: agility in the air (AIRAG),
arm tapping (ARMTAP), leg tapping (LEGTAP).

2. The mechanism for tonus and synergy regulation: forward bend on a
bench (FORB), one-leg standing along the balance beam (LEGST) and step
forward with a baton (STEPFB).

3. The mechanism for regulation of excitation duration: torso lifting for
30 seconds (TORLIF), pushups on parallel bars (PUSH-UPS) and endurance in
half-squat with weight (HSQEND).

4. The mechanism for regulation of excitation intensity: standing jump
(LOJP), triple standing jump (TRIJP), 20m run from the high start (RUN20m).

The factors and metric characteristics of the selected motoric variables
have been tested in a large number of researches (Kurelié et al., 1975,
Gredelj et al, 1975). This model was chosen because it provided the most
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relevant information which are connected with the functional structure of mo-
toric abilities.

The criterion variable for the estimation of specific motoric abilities was:

Direct forward kick by the tip of the sole — mae geri (KICKMG)

When choosing the specific motoric variable, our choice went in favor a
variable which would best represent the karate leg techniques and which
showed good metric characteristics in previous researches (Kajcevski, 1976,
Zulic¢ etal, 1985, MiloSevié¢ and Zulié, 1988a, 1988b, Jovano -
vié, 1988, Arlov, 1993, Mudri¢, 1994). The quoted references were
used when testing specific speed abilites in the methodological laboratory of
the Faculty of PE in Belgrade.

Procedures

The measurements were conducted in the gym of the Center for Physical
Education of Students of the Faculty of PE in Novi Sad. During the measure-
ments, the hall was well lit and the temperature was between 18° and 22°C.

Description of anthropometric measurements:

The selection and marking of measuring spots on the body and anthropo-
metric measurements were carried out by the method of International Biologi-
cal Programme (IBP). The measurements were conducted in the morning, with
calibrated instruments. The subjects were barefoot and in pants.

Description of the measurements of basic motoric abilities:

The ground for testing the basic motoric abilities was set up before the
official beginning of the measurements. All subjects were measured by the sa-
me group of measurers, who had underwent a thorough training. The schedule
of basic motoric tests was same for all subjects. The tests were so arranged
that there was no influence of fatigue after harder tests on the results of
subsequent tests.

The following instruments and accessories were used in the measurement
program: stopwatches, tatami mattresses, hand and foot tapping boards, a
stool, a low balance beam, a flat bench, a wooden measuring rod, a baton, a
tape measure, parallel bars, weights, a protractor, a spring board, a steel mea-
suring tape, magnesium, a 10-meter rubber floor mat and stands.

Description of the measurement of specific motoric abilities:

During the measurements, a single subject was in the test room with three
technicians. One was in charge of a contact focuser, another of a computerized
timer and the third wrote down the results. The subjects wore kimonos and
they were barefoot. Before measuring, the subjects were familiarized with the
technique they were expected to perform. Starting line and the height of con-
tact area were precisely determined before the execution.

The subject was to assume a fighting stance (fudo dachi) at the distance
of one meter away from the arm focuser. At the moment of the kick, the body
is on one leg, bent in the knee for balance, while the arms are on guard with
head and torso in vertical position. When signal is sounded, the kisk is
executed with the back leg, the tip of the sole hitting the focuser set at the he-
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ight of 80 cm from the ground. The best time from three attempts is recorded,
with the accuracy of measurement of 1/100seconds.

Data processing

The following central and dispersion parameters were estimated for each
of the tested variables: arithmetic mean (X), standard deviation, (S), standard
error of arithmetic mean (SX), minimal value (Min), maximal value (Max),
variation breadth (VB), skewness (Sk) and kurtosis (Ku).

Regression analysis was used to estimate the effect of the system of pre-
dictor variables on individual criterion variables.

A stepwise method was applied within the regression analysis to estimate
the prediction value (prognostic worth) of reduced predictor variables.

The obtained data were processed by the statistical packages STATISTI-
CA (6.0) and SPSS (11.5).

RESULTS AND DISCUSSION

Basic central and dispersion parameters of the variables
and their discriminative level

It is evident from Table 1 that most of the applied morphological varia-
bles did not deviate considerably from the normal distribution. Exceptions
were registered for the measures of skin fold of the back (Sk = 1.23), skin fold
of the abdomen (Sk = 1.67) and pelvis breadth (Sk = 1.23) whose positive me-
asures of asymmetry showed that the young karatists had a somewhat wider
pelvis and an increased amount of subcutaneous fatty tissue. Distribution cur-
ves of all variables were either mesokurtic or platykurtic, except those for the
skin fold of the back (Ku = 6.58) and pelvis breadth (Ku = 5.39) which were
leptokurtic.

Tab. 1 — Central and dispersion parameters of the morphological variables

Variables X Min Max VS S SX SK Ku
HEIGHT 149.88  120.90 182.40 61.50 13.16 1.45 21% —43
LLENG 86.05 71.70 104.30 32.60 7.72 .85 16%* -.67
ALENG 63.19 49.60 79.10 29.50 6.26 .69 28% -33
BRESH 31.98 25.10 41.50 16.40 3.17 .35 21% .08
BREPEL 23.23 15.90 36.40 20.50 2.77 .30 1.23 5.39
DIAWR 4.80 3.90 5.90 2.00 46 .05 A1 -.52
MIDBUST 70.35 56.50 91.50 35.00 7.96 .87 .38% -43
FOREARM 21.05 17.10 29.20 12.10 2.26 25 .66%* 1.10
WEIGHT 39.68 20.00 72.00 52.00 11.05 1.22 53 -.07
SUPARM 10.64 1.60 23.60 22.00 4.35 48 .89 .57
SABDOM 10.83 2.40 40.00 37.60 8.53 .94 1.67 2.38
SBACK 9.50 4.00 34.80 30.80 541 .59 2.35 6.58
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Most of the tested basic motoric variables did not deviate from normal
distribution (Table 2). That shows that the selected tests were sufficiently di-
scriminative, except for the variables of flamingo balance (Sk = 2.25), pushups
on parallel bars and the depth of forward bend on the bench (Sk = 1.17), in
which the distribution of results was assymetric because poor results were mo-
re numerous. The distribution curve for the first variable was leptokurtic (Kn =
7.69); the curves for the other two variables were mesokurtic and platykurtic,
respectively.

Tab. 2 — Central and dispersion parameters of the basic motoric variables

Variables X Min Max VS S S8 SK Ku
AIRAG 15.30 11.80 20.00 8.20 1.79 .19 55% 49
ARMTAP 41.37 24.00 55.00 31.00 6.70 14 .09%* —-.16
LEGTAP 53.87 32.00 66.00 34.00 5.61 .61 -.55% 1.80
FORB 42.95 17.00 53.00 36.00 6.61 73 -1.17 2.57
LEGST 14.31 1.70 59.20 57.50 9.57 1.05 2.25 7.69
STEPFB 5.99 2.30 8.60 6.30 1.19 13 -.58% 78
TORLIF 23.12 15.00 34.00 19.00 3.31 .36 —-.08* .90
PSHUPS 1.62 .00 8.00 8.00 2.14 23 1.64 2.07
HSQEND 4.69 4.00 11.40 7.40 2.05 2.26 J13% 1.08
LOJP 161.13 105.00 240.00 135.00 25.61 2.82 A1 -.01
TRIJP 502.20 313.00 700.00 387.00 71.15 7.85 32% 27
RUN20M 3.83 3.10 4.80 1.70 .35 .03 18%* -.15

The distribution of results for the specific motoric abilities did not deviate
significantly from normal distribution (Table 3), which showed that the ap-
plied test was satisfactorily discriminative.

Tab. 3 — Central and dispersion parameters of the specific motoric variable

Variables X Min Max VS S SX SK Ku
DIRKICK .84 .63 1.06 .50 11 A1 —.19%* -49

Effect of the system of morphological variables
on the criterion variable — mae geri

The obtained values presented in Table 4 showed that the multiple corre-
lation was .60 (Ro = .60) and that the applied prediction system of morpholo-
gic variables had a statistically significant effect on the criterion variable DIR-
KICK (mae geri) at the level of statistical significance of 0.00 (p = .00). As
the square of the multiple correlation was .36 (Ro2 = .36), it means that 36%
of the total variance could be used to successfully predict the criterion variable
on the basis of the applied system of morphological variables.

Among the individual values of statistical parameters within the regres-
sion analysis of the applied prediction system of morphologic variables, only
body weight exerted an effect on the criterion variable that was statistically
significant at 0.01 (p = .01).
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Therefore, it may be stated that the subjects with larger body weight achi-
eved better results in the execution of the direct forward kick (better time of
executing the kick).

Tab. 4 — Effect of predicting morphological variables on the criterion variable DIRKICK

Variables b E(b) T p
HEIGHT -46 A5 -1.03 .30
LLENG -.19 .30 -.65 51
ALENG -.16 24 —-.66 .50
BRESH =25 .20 -1.23 .22
BREPEL .03 17 21 .82
DIAWR -.16 24 —-.65 Sl
MIDBUST -.14 25 -.55 .58
FOREARM -22 27 -.81 41
WEIGHT 1.11 46 241 01*
SUPARM 17 12 1.39 .16
SABDOM .09 22 A4 .65
SBACK -26 .18 -1.41 .16

Ro? = 36 Ro = .60 F = 3.36 p = .00

The stepwise analysis (Table 5) showed that the obtained value of multi-
ple correlation was .59 (Ro = .59) and that a reduced system of 6 morphologi-
cal variables had a statistically significant influence on the execution of mae
geri at the level of statistical significance of 0.00 (p = .00). As the square of
the multiple correlation was .35 (Ro2 = .35), it means that 35% of the total
variance could be used to successfully predict the criterion variable on the ba-
sis of the reduced system of 6 morphologic variables.

Body height had the highest prediction value, explaining 22% of the total
variability at the level of statistical significance of 0.00 (p = .00). Body weight
was in the second place, explaining 6% of the variability at the level of stati-
stical significance of 0.00 (p = .00).

Thus it may be stated that the young karatists with higher body height,
therefore having longer extremities and increased body weight, had better re-
sults in performing the direct forward kick, primarily on account on increased
voluminousness of the body and the long and elastic musculature.

Tab. 5 — Prediction values of the morphological variables

Variables Ro Ro2 Ro2(p) F p
HEIGHT A7 22 22 23.57 .00*
WEIGHT .54 .29 .06 7.36 .00%
BRESH .55 31 .01 1.91 17
SUPARM .56 32 .01 1.62 .20
SBACK .58 34 .01 2.05 15
DIAWR .59 34 .00 1.03 31

RoZ = 35 Ro=.59 F =6.77 p = .00

50



Effect of the system of basic motoric variables
on the criterion variable — mae geri

The system of predicting basic motoric variables (Table 6) had a statisti-
cally significant effect on the criterion variable DIRKICK (mae geri) at the le-
vel .00 (p = .00), with the multiple correlation value of .69 (Ro = .69). As the
square of the multiple correlation was .48 (Ro2 = .48), it means that 48% of
the total variance could explain the predicting value of the basic motoric varia-
bles for the criterion variable — mae geri.

The analysis of individual predicting basic motoric variables indicated
that the endurance in half-squat with weight and standing jump had statisti-
cally significant influences on the criterion variable (mae geri) at the level of
0.05 (p = .05)

Thus it could be concluded that a fast and explosive execution of mae ge-
ri depends on the explosive and static power of legs.

Tab. 6 — Effect of predicting basic motoric variables on the criterion variable DIRKICK

Variables b E(b) t P
AIRAG .07 A1 .69 .49
ARMTAP .05 11 43 .66
LEGTAP .04 1 41 .68
FORB -.10 A1 -91 .36
LEGST .02 .10 .20 .83
STEPFB .04 .10 .39 .69
TORLIF —.18 11 -1.58 11
PSHUPS -.16 1 —-1.44 15
HSQEND 37 11 3.27 .00*
LOJP -29 .14 -1.99 .05%
TRIJP =21 15 -1.45 15
RUN20M -.01 13 -.08 93

Ro2 = 48 Ro = .69 F =541 p = .00

The stepwise method (Table 7) showed that the multiple correlation was
.68 (Ro2 = .68) and that the reduced system of 6 basic motoric variables had a
statistically significant influence on the criterion variable (mae geri) at the le-
vel of statistical significance of .00 (p = .00). As the square of the multiple
correlation was .47 (p = .47), it means that 47% of the total variance could be
used to successfully predict the criterion variable on the basis of the system of
basic motoric variables.

Standing jump had the highest prediction value at the level of the statisti-
cal significance of .00 (p = .00), explaining as much as 33% of the total vari-
ance. Endurance in half-squat with weight and triple standing jump were in the
second and third place with 6% (p = .00) and only 3% (p = .02), respectively.

Considering the above, it could be concluded that the static power of legs
had a primary role and the explosive power of legs had a second-important ro-
le for the speed of executing the forward kick. Static power is responsible for
stabilization of the leg which on which we lean and for lifting in starting posi-
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tion the knee of the leg which does the kick. Secondly, success of the kick de-
pends on the contractile strength of muscles of the lower stomach and the
explosive power of the muscles of the hip, knee and ankle which are responsi-
ble for the execution and return of the leg which does the kick.

Tab. 7 — Prediction values of the basic motoric variables

Variable Ro Ro2 Ro2(p) F p
LOJP .58 .33 .33 41.01 .00%
HSQEND .63 40 .06 8.14 .00*
TRIJP .66 43 .03 5.27 .02%
TORLIF .67 45 .01 2.48 A1
PSHUPS .68 46 .00 1.25 .26
FORB .68 47 .01 1.46 .23

Ro2 = 47 Ro = .68 F = 11.32 p = .00

CONCLUSION

The sample of 82 karatists at the ages from ten to fourteen were analyzed
for the system of 25 variables with the aim of establishing the effect of the
prediction system of morphological variables and the system of basic motoric
variables on the criterion variable, i.e., the direct forward kick — mae geri.

The obtained results showed that the system of morphological and moto-
ric variables have a statistically significant effect on the execution direct
forward kick. Among the individual morphological variables, body height and
weight had the largest influence, and among the motoric variables those were
the endurance in half-squat with weight and standing jump. It may be conclu-
ded that young karatists with high body height, long extremities and increased
mass (weight), supported by strong static power and explosive strength in legs,
showed better results in executing the direct forward kick.
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YTULAJ AHTPOITOJIOIIKMX KAPAKTEPUCTUKA HA YCIIEHIHOCT
N3BOLEMA YIAPLIA HOI'OM ITPEMA HAIIPE[]

Hparan B. Honep!, Pagocnas XK. doxep?
I TlokpajuHcku 3aBon 3a crnopt, MacapukoBa 25, 21000 Hou Can, Cpbuja
2 KniuHuka 3a uH@extuBHe 0ojiectr, Xajayk Bepkosa 1—9,
21000 HoBu Can, Cpbuja

Pesume
Ha y3opky on 82 xaparucra, y3pacta on 10 go 14 roguHa, 01O je IpUMEHEH CU-

cTeM ol YKynHo 25 Bapujabau (12 mopdosoiikux, 12 6a3u4HO MOTOPUYKMX U 1 crie-
mupUIHO MOTOPMYKA Bapujabia) ca HU/beM Ja Ce YTBPAU YTUIIAj IPEIUKTOPCKOT CH-
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creMa MOP(OJIONIKUX U cUcTeMa 0a3MYHO MOTOPUYKMX Bapujabiyd Ha KPUTEPUjYMCKY
Bapujalbay AMPEKTHU yaapall HOTOM IpemMa Hampeln — mae geri.

Pesynratu ykasyjy na cucteM MOpQOJIOIIKMX Bapujabiu MMa CTaTUCTMUKU 3Ha-
YyajaH yTUIIaj HA U3BOheme MUPEKTHOT yaapama HoroMm Iipema Hampen. Of ImojeqnHady-
HUX BPEIHOCTU Y OKBUPY DerpecMoHe aHajiu3e HajBehu yTuilaj MMa TexuHa Tesa.
Stepwise-MeTon0M je yTBpheHO aa HajBehy MpenuKTOpCKY BPEIHOCT UMajy BUCUHA Te-
Jla ¥ TeXuHa Tesa. Miaau kapatuctu Behe TejaecHe BUCUMHE, a TUME M JY)KUM eKCTpe-
MUTEeTMMa M noBehaHOM MacoM (TeKWHOM) UMM Ccy 0oJbe pe3yiTare y u3Bohemwy
JIMPEKTHOT yaaplia HOroM IpemMa Harpel.

AHann3oM 0a3MYHO MOTOPMYKUX Bapujabiu yTBpHEeHO je Aa CTaTUCTUYKU 3HAYaj-
He yTHullaje Ha M3BONere MUPEKTHOT yaapiia HOTOM IpeMa Hampel, Y OKBUDPY perpe-
CHUOHE U Stepwise-aHallu3e, UMajy U3APKaj Y TOJNyUyutby ¢ OnTepeNeheM U CKOK yaasb
¢ Mecta. Ha ocHOBY Tora ce Mo)ke 3aK/by4MTH jJa Op3uHa M3BOleHa yaaplia HOroM
rnpemMa Hampe 3aBUCHU Ol €KCILJIO3UBHE U CTATUUYKE CHAre HOry.
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THE FAUNA OF SMALL MAMMALS IN THE VICINITY
OF TEMERIN (THE VOJVODINA PROVINCE)

ABSTRACT: The samples collected by traps in the vicinity of Temerin and the
analysis of pellets of the long-eared owl (Asio otfus) and the barn owl (Tyfo alba) served as
a basis for the determination of 409 individuals of small mammals of the orders Insectivora
and Rodentia. A total of 13 species from the families Soricidae (6), Muridae (4) and Arvi-
colidae (3) was recorded. The representatives of the species Apodemus sylvaticus prevailed
in the sample obtained by traps while the pellet analysis showed the domination of Micro-
tus arvalis in the owl diet. The presence of five of the total of thirteen species found by the
pellet analysis was confirmed by means of traps.

KEY WORDS: pellet analysis, small mammals, Temerin, traps

INTRODUCTION

Long-term investigations of certain types of agrobiocoenoses show that
the field vole (Microtus arvalis) and the hamster (Cricetus cricetus) are the
most adaptable rodent species (MikeS and Habijan-MikeS§, 1986).
The adaptation strategy of small mammals relies primarily on their biological
characteristics such as a high capacity to produce offspring and coincidence of
periods of animal activity with the phenology of crops that ensure shelter and
their population dynamics. One of the most important traits of the small mam-
mal populations are cyclic oscillations of their numbers where maximum valu-
es are recorded each 3—5 years that rely upon both the species itself and the
actual ecological conditions. In the overpopulation periods, these species are
recognized as serious pests. The absence of their predators, i.e., birds of pray
(owls and daylight birds) and carnivorous mammals (wild cats, skunks, ermi-
nes) also contributes to their increased high numbers. The owls adapted to
feed on small mammals significantly regulate their numbers. A specificity of
owl diet is the formation of pellets (indigestible parts such as fur or feathers
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regurgitated with bones). Therefore, the analysis of pellet content gives rele-
vant data on the diversity, distribution, numbers, and behavior of pray.

The aim of our investigation was to study a season-dependent diversity of
small mammals occurring in a typical agrobiocoenosis in the vicinity of Teme-
rin (the Vojvodina Province) by analyzing the pellets of two species of owls
(Asio otus and Tyto alba).

MATERIAL AND METHODS

The study of the fauna of small mammals was conducted in the period
March 2000—October 2001. Two methods were employed, i.e., traps and pel-
let analysis. To obtain accurate values, both methods were applied concur-
rently at the investigated sites, through the vegetation seasons.

Traps

A standard linear method with traps was applied in a clover field (100 x
100 m) surrounded by corn, wheat and soybean. Sampling procedure was re-
peated 20 times.

Pellet analysis

To determine the diversity of small mammals, the pellets of two owl spe-
cies, the small-eared owl (Asio otus L. 1758) and the barn owl (Tyto alba
S cop. 1769) were analyzed. Pellets were collected at two sites located at the
ends of the site with traps. In 15 repeated samplings, a total of 173 pellets
were collected of which 93 belonged to the long-eared owl and 80 to the barn
owl. The analysis included only intact pellets while the indigestible parts of
pellet remnants were also determined and listed in the faunal list (Schmidt,
1967).

RESULTS

Of the total of 409 representatives of small mammals determined, 347 in-
dividuals were recorded by analyzing owl pellets and 62 were found in traps.
They belonged to two orders, Insectivora (69 individuals making 16.87%) and
Rodentia (340 individuals making 83.13%), three families (Soricidae, Muridae
and Arvicolidae), and eight genera (Neomys, Sorex, Crocidura, Pitymys, Mic-
rotus, Apodemus, Mus and Rattus). By combining the two methods we recor-
ded the occurrence of a total of 13 species. Five species were recorded by
using traps (Crocidura suaveolens, Microtus arvalis, Apodemus sylvaticus, A.
agrarius and Mus musculus) while all 13 species were recorded by the pellet
analysis. In addition to the above, the owl diet included also the species Croci-
dura leucodon, Sorex araneus, S. minutus, Neomys fodiens and N. anomalus
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(shrews) as well as Microtus agrestis and Pitymys subterraneus (voles) and
Rattus sp. (Tables 1 and 2).

Tab. 1 — Material collected by using traps at clover fiels

VEGETATION SEASON

TOTAL

SPECIES SPRING SUMMER AUTUMN WINTER

n % n % n % n % n %
Crocidura 1 227 / / / / / 1 16l
suaveolens
Apodemus 3, 045 6 5000 3 7500 / / 40 6452
sylvaticus
Apodemus 4 909 1 833  / / / / 5 806
agrarius
Mus

71592 5 4167 1 2500 2 10000 15 2420
musculus
Microtus 1 227 / / / / / 1 1.61
arvalis
TOTAL 4 7097 12 1935 4 645 2 323 62 100.00

Tab. 2 — Material collected from pellets of species Asio otus and Tyto alba in the vicinity of
Temerin

Asio otus Tyto alba TOTAL
PREY SPECIES
n % n % n %

Apodemus sylvaticus 37 23.87 15 7.69 52 14.98
Apodemus agrarius 6 3.87 7 3.59 13 3.75
Mus musculus 14 9.03 15 7.69 29 8.35
Microtus arvalis 80 51.61 58 29.74 138 39.77
Microtus agrestis — — 1 0.51 1 0.29
Pitymys subterraneus 8 5.16 16 8.21 24 6.91
Crocidura leucodon — — 13 6.67 13 3.75
Crocidura suaveolens 3 1.93 29 14.87 32 9.22
Sorex araneus 1 0.65 17 8.72 18 5.19
Sorex minutus 1 0.65 2 1.03 3 0.86
Neomys fodiens — — 1 0.51 1 0.29
Neomys anomalus — — 1 0.51 1 0.29
Rattus sp. 1 0.65 11 5.64 12 3.46
Apodemus sp. 4 2.58 3 1.54 7 2.02
Microtus sp. — — 3 1.54 3 0.86
TOTAL 155 100.00 192 100.00 347 100.00

The analysis of the diet results showed clearly that the barn owl (Tyto al-
ba) had a greater diet diversity, regarding prey type and amount, than the
long-eared owl (Asio otus). The occurrence of the field vole (Microtus) and
the water shrew (Neomys) in the owl diet showed that the hunting terrain, in
addition to arable land, included also the wetland intersected by canals located
in the vicinity of the Temerin site. The analysis of pellets of the long-eared
owl showed the occurrence of 155 prey individuals (1.6 ind. on the average)
vs. 195 in pellets of the barn owl (2.4 ind. on the average) (Table 2).
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In respect of the abundance and percentages of small mammals, the
family Muridae (96.78%) with the representative Apodemus sylvaticus (40 ind.
making 64.52%) was dominant in the trap samples while the family Arvicoli-
dae (56.77% and 40.63%) with the representative Microtus arvalis (52.6% and
29.74%) was dominant in the pellet samples. In addition to voles, the diet of
the long-eared owl also included considerable amounts of mice (40%) while
the diet of the barn owl included shrews (32.81%); therefore, the owl species
escaped the competition for food (Figures 1, 2, 3; Tables 1, 2).

1.61% LI
@ Sorackdan
F 5—_,_ B Arvicolidas
‘ l O Muridas

DE.78%

Fig. 1: Percentages of families of small mammals caught by traps

3.23% B Soracidae

40.00% B Arvicolidae
c O Muridae
56.77%

Fig. 2: Percentages of small mammals in the pallet semple of the
Long-Eard Owl (Asio otus)

@ Soracidae
26.56%

32.81% I Arvicolidae
é 1 Muridae

40.63%

Fig. 3 — Percentages of families of small mammals in the pallet semple of the
Bran Owl (Tyto alba)

DISCUSSION

Not only the biology but, also the living habits and behavior of small
mammals contribute to the complex nature of this group of vertebrates. There-
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fore, the method of traps is not relevant enough to give comprehensive data on
their fauna, distribution, and abundance as well as the role of a species in a gi-
ven biocoenosis. This method offers no reliable data on their diversity, parti-
cularly in years when the numbers of their populations are low (Mike§ and
Habijan-Mikes, 1989).

With the exception of a single specimen of the garden shrew (Sorex) and
one field vole (Microtus), the field mouse was dominant (64.52%) in the built
traps. The percentage of the striped mouse was low (8.06%) while the percen-
tage of the house mouse was considerable (24.2%). The latter is a synantropic
species occurring both in urban and agricultural areas. Shrew and vole species
that were absent from traps obviously inhabit more humid habitats, i.e., they
are rare in agroecosystems. In respect of diet, they may be herbivorous or in-
sectivorous (shrews). The bait used in our investigation was highly attractive
for omnivorous species like the representatives of the family Muridae.

Complex theriological investigations into the agroecosystems of the Voj-
vodina Province showed that Apodemus sylvaticus was not only present but
was also the dominant species at the investigated sites. House mouse (Mus)
was also recorded in traps but in small numbers while remarkable cyclic fluc-
tuations in population number of Microtus arvalis were evident M ikeS§ and
Habijan-Mikes§, 1986). In our analysis this species was dominant in the
pellet samples of both the long-eared owl and the barn owl, with 138 individu-
als (39.77%) in the total sample. Its high population density and the formation
of colonies in agrobiocoenoses, its activity period and rather slow movements
wnen compared with Mus make the field vole an easy prey for the owls.

The long-eared owl was found at forest edges in the close vicinity of ara-
ble lands, whereas the barn owl prevailed in urban habitats. Their common fe-
ature was predation in open terrains. The prey weight affects both owl species
more than prey type. In other words, prey weight less than 100 g attracts the
long-eared owl while that between 5 and 30 g the barn owl Mikkola,
1983). Also, differences have been reported in energy requirement per day, re-
sulting from different body weight of the owls. Consequently, the barn owl
catches between 70 and 140 g of prey per day that contributes to a greater
variety of small mammals in its diet (Mikkola, 1983). Our results corre-
sponding with published data show that the barn owl diet included 13 species
(192 individuals) while the diet of the long-eared owl included 9 species (155
individuals). In addition to the field vole, shrews were recorded in the diet of
the barn owl, particularly the garden shrew (14.87%), while mice (Apodemus)
prevailed in the diet of the long-eared owl (23.87%, Table 2).

The results obtained by building traps and collecting and analyzing pel-
lets of the long-eared owl and the barn owl emphasize the benefits of simulta-
neous application of both methods in faunal and ecological investigations of
small mammals, to obtain comprehensive and reliable data on their diversity,
population density, and distribution.

59



REFERENCES

Jovanovié, B. T. (2002): Utvrdivanje sastava i diverziteta Micromammalia juznog
dela Panonske nizije na osnovu analize ishrane predatorske vrste Asio otus, Ma-
gistarska teza, Bioloski fakultet, Beograd.

Mikes, M., Habijan-MikeS§, V., Krsmanovié¢, Lj. (1983): Prognoza glo-
dara u integralnoj zastiti bilja, Zbornik radova sa naunog skupa Covek i biljka,
Novi Sad.

MikeS, M., Habijan-MikeS§, V. (1986): Stacionarna istraZivanja sitnih sisara
u Vojvodini, Godi$njak Biol. Inst. Vol. 39, 81—94, Sarajevo.

Mikes, M, Habijan-MikeS, V. (1989): Gvalice sova — indikatori zoocenoza
sitnih sisara, Zb. Rad. Prir. Mat. Fak. Univ. Novi Sad.

Mikkola, H. (1983): Owlis of Europe, T & A D Poyser, Calton.

Mikuska, J.,, Vukovié, S. (1980): Kvalitativna i kvantitativna analiza ishrane
kukuvije drjemavice, Tyto alba Scop. 1769, na podrucju Baranje s posebnim
osvrtom na rasprostranjenost sitnih sisara, Larus, 31—32 (1978/80), 269—288,
Zagreb.

Purger, J. J, Krsmanovié, Lj. (1989): A diet of long eard owl A. otus L. 1758
in West Backa (Vojvodina, Yugoslavia), Arhiv BioloSkih Nauka 41 (1—2).
Schmidt, E. (1967): Bagolykopetvizgdlatok, Magyar Madartani Intézet kiadvéanya,

Budapest.

PAYHA CUTHUX CUCAPA OKOJIMHE TEMEPUHA

Ecrep J. [Tonosuh, Onusepa H. Bjenuh-Yabpuno, Kpuctuna P. Tenasaig
JlemapTMaH 3a OMOJOTWjy U ekosiorujy, IlpupomHo-MaTreMaTUuku hakyaTeT
Tpr Hocureja Obpanosuha 2, 21000 Hosu Can, Cpbuja

Pesnme

dayHe cuTHUX cucapa UCTpakuBaHe cy y mepuoay oa Mapra 2000. 1o oxTobpa
2001. romuHe Ha mompydjy Temepuna. KopumrheHe cy 2 MeTone: MeToAa JOBHUX
KJIOTIKM TIPEKJIOMTHOT TUTIA W aHAJIM3a IBajulia cosa: Asio otus u Tyto alba. [Jetepmu-
HHCaHO je YKymHO 409 mpuMepaka CUTHUX cucapa: 347 jemHKM M3 TBajIuiia U 62 mpu-
MepKa M3 JOBHUX Kiomnku. CUTHM cucapu Cy OMJIM 3acTyIUbeHM ca 13 BpcTa TpuIiai-
HuKa noponuna: Soricidae, Muridae n Arvicolidae. Tler BpcTa je perucTpOBaHO METO-
JIOM JIOBHUX KJIONKM, a cBUX 13 aHanu3om reainuua cosa. Bpcra Apodemus sylvaticus
je IOMUHHMpaja y y30pKy U3 JIOBHUX KJIONKU, a Microtus arvalis y rBaaudiiama cona.
KoncratoBaHa je Beha pasHOBPCHOCT TUIeHA KYKYBHje, KaKO y OJHOCY Ha BPCTE TaKO U
y OIHOCY Ha KBaHTUTATUMBHMU yaeo. [Topen Bojayxapuile, y oOpoliMa XpaHe Maje yiia-
pe 3amaXkeHo je 3HauajHO ydelrhe MUIIEBa, a KOI KyKyBHje — POBUMIIA.
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EVALUATION OF A PUBLIC PARTICIPATION
GEOGRAPHIC INFORMATION SYSTEM

ABSTRACT: Evaluating public participation geographic information systems (PP
GIS) is essential to make improvements and generate standard practices for future projects,
but it is probably the most neglected activity of the PP GIS development cycle. This rese-
arch makes a contribution to the scarce information available about the usefulness of these
systems in planning practice. The research examined the use of the PP GIS which was de-
veloped during last five years under the sponsorship of the Dutch Ministry of Spatial Plan-
ning, Social Housing and Environment, called “The New Map of the Netherlands”.

KEY WORDS: The New Map of the Netherlands, public participation GIS, evalua-
tion

INTRODUCTION

Being the latest member of — in the order of historical appearance —
Decision Support Systems (DSS), Spatial Decision Support Systems (SDSS)
and Planning Support Systems (PSS), Public Participation Geographic Infor-
mation Systems! (PP GIS) seems to have inherited some of the problem points
of the other members: a complex structure which causes low acceptance in
practice and an ad hoc approach to development and evaluation which is re-
flected in repeated mistakes.

There are many definitions of PSS, the newest ones to be found in Klo-
sterman’s essay on PSS (Environment and Planning B, 2005). But, regardless
of the definition, the initial goal of all these systems is to help planners bring
decisions in a rational way, supported by arguments, based on proper and ac-
curate information and an awareness of consequences these decisions might
have. In addition to these goals, PP GIS has an even more ambitious goal —
to involve citizens in the decision making process.

I In this article PP GIS will be considered as one of the versions of PSS, hence some re-
marks that are in the literature related to PSS are considered relevant for PP GIS as well.
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But does this happen? For most citizens the personal benefit of getting
involved in planning activities and learning how to use a public participatory
GIS application is usually little and the cost of participation is rather high. The
cost of participation includes the cost of informing oneself about the form of
participation, planned activities and learning how to use a public participatory
GIS application. Besides, in most of the cases it is more an academic exercise
and the citizens cannot really influence the final planning decisions. In such
cases, citizens decide to ignore the possibility of involvement and participa-
tion. One of the explanations for this situation is the phenomenon of rational
ignorance. According to rational choice theory, ignorance about an issue is
said to be rational when the cost of educating oneself about the issue suffi-
ciently to make an informed decision can outweigh any potential benefit one
could reasonably expect to gain from that decision, and so it would be irratio-
nal to waste time doing so (Krek, 2005).

In the last few years, voluminous scientific literature emerged in the field
of PP GIS, discussing the technical and social issues of such applications. This
research field became quite popular within the GIS science community. How-
ever, the practical side of this research shows a different picture. Namely, it is
difficult to find good, operational, practical examples of such PP GIS applica-
tions (Krek, 2005).

The biggest problem in this case seems to be how to develop a system
that would be as good for professionals as for non-professionals and easy to
use so it would be adopted by the broad public.

In the last two decades, with the rapid development of computer techno-
logy and Internet, numerous researchers and practitioners accepted the challen-
ge to develop PSS for many different purposes. But once developed, most of
the systems were not evaluated, as evaluation is one of the most neglected
steps in the PSS development process. There are several reasons for insuffici-
ent evaluation of PSS and low dissemination of evaluation results. Some of
them apply to PP GIS as well. No standard evaluation methods are available
to evaluate PSS and in the case of PP GIS the situation is the same. The
question is whether it would be possible to develop such a method because the
variety of PP GIS applications does not permit a single methodology to serve
all purposes (Alexander, 1996). In this situation it is also difficult to com-
pare the results of different evaluation methods even when an evaluation is
made. Another problem with evaluation follows from this — it costs not only
time to make the evaluation but also time to prepare the methodology for it. In
most cases time for evaluation is short and usually there will be little room for
a true or quasi-experimental setup, due to the need for a control group (B a-
tenburg and Bongers, 2001). It is clear that this requires time as well
as substantial resources, which is another problem. Evaluations are therefore
made rather ad hoc, without sufficient attention to sound theoretical grounding
that covers the wide range of relevant factors. Vonk et al. (2005) argue that
as a result of these difficulties evaluation results are not widely disseminated.
Therefore it often happens that the same mistakes are repeated and incorpora-
ted in PSS and PP GIS systems.
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This research is aimed at upgrading the knowledge about the implementa-
tion of the PSS and in this case PP GIS in the planning practice. The research
examined the use of the PP GIS which was developed in the last five years
under the sponsorship of the Dutch Ministry of Spatial Planning, Social Hou-
sing and Environment, called “The New Map of the Netherlands”.

THE NEW MAP OF THE NETHERLANDS

The interactive map of the “New Map of the Netherlands” is a website
with a continuously updated overview of spatial plans that are being produced
in the Netherlands. The website was developed with the goal of increasing the
transparency of spatial planning in the Netherlands for professionals and citi-
zens alike. The purpose of this research was to explore whether this goal had
been achieved. The research showed that although the website has about 1,000
hits per day it is barely used for planning purposes, but rather for general con-
sultations on spatial plans. The offline available GIS files, however, are fre-
quently used in research and policy-making. The results of this research con-
firm the previously recognized problems associated with the implementation of
online public participation GIS in planning practice.

“The New Map of the Netherlands” (DNK) shows plans made by munici-
palities, water boards, provinces and national government departments. It pre-
sents them in such a way that they can be easily compared. As a project it
started in 1997, following the initiative of three Dutch associations for plan-
ning-professionals: BNSP, NVTL and NIROV. The goal of the project was to
collect and draw all spatial plans made for the Netherlands on the same digital
map. For that purpose, sponsors were found and a project group was establis-
hed with the same name as the product. Since 2001 the Dutch Ministry of
Spatial Planning, Social Housing and Environment became the main sponsor
of the project, by financing the maintenance and updating of the database and
the website. The project team of DNK is part of the Netherlands Institute for
Spatial Planning and Housing (NIROV).

DNK has had two editions so far. The first one, published in 1997, invol-
ved about 2,700 plans for housing, offices, nature and infrastructure and it was
presented as an Illustrator drawing. The second edition was published in 2002
and since then it was updated every half a year. It involves about 5,000 plans
that are stored in the GIS database and are accompanied with information abo-
ut the destination, plan maker, contents, time frame, phase in decision making,
etc. Thus the actual basis of the second edition of the New Map is GIS, but
the map is published and available in three modes — as a printed poster, as a
GIS project and as an interactive map on the website of DNK (http://www ka-
art.nieuwekaart.nl, Figure 1).

The goal of the interactive map is informing and involving citizens in
spatial planning issues and thus supporting the democratization of spatial plan-
ning. It is unique in the Netherlands for its ability to give an up-to-date
overview of spatial plans for the whole country, to be a blotting-pad for design
on a regional scale, to make plans comparable because they are all drawn in
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Fig. 1 — Interface of the interactive map of “The New Map of the Netherlands”

one scale and with the same legend and finally to give citizens an opportunity
to open forums and discuss the issues among themselves. In that respect the
interactive map can be categorized as a public participation GIS.

This paper presents the results of the research done on the use of the in-
teractive map from the web site in planning practice. The results are based on
an examination of the web statistics and two inquiries, one with accidental
website visitors and another with actual website users.

This evaluation of the interactive map is only a part of the research done
by The Netherlands Institute for Spatial Research (RPB) on the applicability of
“The New Map of the Netherlands” (DNK) in the Dutch planning practice.
The complete research project was established in order to estimate the value of
DNK in all aspects of its use, which are: how the GIS database is used by
planners in daily practice and for research, how the data are used by non-plan-
ning instances such as educational or commercial offices, and the extent to
which the interactive map is used as PP GIS for the democratization of spatial
planning. Due to the complexity of the research, this paper presents only the
results of the examination of the use of the interactive map of DNK as PP
GIS.
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INTERACTIVE MAP AS PP GIS

By its nature the interactive map of DNK belongs to the category of pu-
blic participation GIS. Such GIS systems have been developed in recent years
with the main goal of enabling ordinary people and local communities to un-
derstand information that originate from professional GIS applications and in
that way make themselves ready for public discussions. The reason behind this
is the assumption that public participation increases with the level of access to
information (Weidemann and Femers, 1993).

The case of “The New Map of the Netherlands” partly confirms this opi-
nion. The plans are presented in such a way that users can retrieve them by
zip code, place, or the name of the plan. Users can also choose the way how
to combine the plans, look for information about the maker of the plan, basic
features of the plan and the link to the developer. In addition to this informati-
ve part of the website, there is a possibility for users to comment on the plans
or start a discussion about some issue in the forum.

Thanks to these features of the interactive map, this PP GIS is technically
able to accommodate a relatively high level of participation. Using the termino-
logy of Weidemann and Femers (1993) (Public Participation Ladder,
Figure 2), it can be said that the interactive map gives participants the right to
know and to object, provides information and possibilities to define their inte-
rests and to determine the agenda for discussion. In theory this should be eno-
ugh to support participation of not only professionals, but also non-professio-
nals, by direct communication and equal ability to access the information.

& PUBLIC PARTICIPATION [N FINAL DECISION
FUBLIC PARTICIPATION IN ASSESSING
RISKS AND RECLMMENDING SOLUTIONS

PUBLIC PARTICTPATION 1N DEFENDING INTEREST,
ACTORS AND DETERMINING AGENDA

PUBLIC BIGHT T Q8ECT

Incroasang interaction

INFORMING THE PUSLIC

FUBLIC RIGHT TO ENOW

Fig. 2 — Position of DNK in the public participation ladder
(adopted from Weidemann and Femers, 1993)

In order to get a better insight into the real usage of the interactive map,
an inquiry was made by analyzing the website statistics, and conducting two
interviews — one with the visitors to the website and another with persons
who were considered to be potential users of the website. The inquiry took
place in the period September—November 2004 and was made by two institu-
tes — RPB and NIROV.
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RESULTS OF THE INQUIRY
Results of the Analyses of Website Statistics

The project group of “The New Map of the Netherlands” used Webalizer
as a web statistics counter. Counter statistics showed that there were about
1,100 visitors? per day in the period September — November 2004, which is
quite a large number. The counter can be used to see how many unique visi-
tors hit the website, whether they come directly or from some other website,
whether they go further than the first page, and how long they stay.

The analyses showed that about one-quarter of the visitors came from
another, often spatial planning related website. However, the majority of the
visitors (74%) found the DNK website via a search engine, typing most often
the words “map of the Netherlands”, “map Netherlands”, “map”, “Netherlands
map” etc. as search query. Only 0.98% of the visitors came to the website by
typing the exact phrase ‘de nieuwe kaart van nederland’ in the search engine.

Results of the Interview with Visitors of the Interactive Map

As the counter is limited to some general information and it does not
show the profile of the visitors, the project group of DNK decided to put a
small questionnaire on the website which would pop up for every visitor lea-
ving the website. This interview lasted from 23 September to 15 October and
in those 23 days the website had 25,288 visitors. Despite the fact that the
questionnaire contained only three questions and could be completed within
three minutes, only 645 or 2.55% of the total number of visitors filled up the
questionnaire.

Tab. 1 — Categories of users
Category Number Percentage
businesses 128 21
private 279 47
education and research 99 17
government 76 13
NGO 14 2
general 49 *

* The category “general” is not included in further analyses.

2 A visit occurs when a remote site makes a request for a page on your server for the first
time. As long as the same site keeps making requests within a given timeout period, they will all
be considered part of the same Visit. If the site makes a request to your server and the length of
time since the last request is greater than the specified timeout period (default is 30 minutes), a
new Visit is started and counted, and the sequence repeats. Since only pages will trigger a visit,
remotes sites that link to graphic and other non-page URLs will not be counted in the visit totals,
reducing the number of false visits. Due to the limitation of the HTTP protocol, log rotations and
other factors, this number should not be considered as absolutely accurate, it should rather be con-
sidered a pretty close “guess”. (http://www.mrunix.net/webalizer/webalizer_help.html)
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The goal of the first question of this simple interview was to discover to
which category of users each visitor belongs. The results showed that the
majority of the visitors are private persons (Table 1).

The second question was meant to find out whether the visitors of the
website also use plans in the interactive map. These visitors were named
“users”. All the visitors who came to the website only to find any kind of to-
pographic map of the Netherlands were not counted as users. Furthermore,
there was a portion of visitors who came to the website without any reason.
Those were named ‘surfers’. The division of visitors into users and non-users
is shown in Table 2.

Tab. 2 — Users versus non-users

Uncertain Nont Out of which

Category Number User maybe user Surfers potential users
private 267 (279) 49 3 139 76 59
businesses 82 (128) 31 29 22

education and research 99 (99) 17 33 17 32

government 71 (76) 41 17 13

citizens 14 (14) 2 10 2

total 533 (645) 140 75 175 143

Table 2 shows that the majority of the visitors were private persons, but
only a small portion of them were users of the information on plans that are
available in the map. Approximately one-quarter of the visitors originated from
the professional community, of which one-third belonged to governmental or-
ganizations.

27T% surfar 0% usmr

4%, uncleaw
I3 NON-LRSI

Fig. 3 — Users divided by type

Figure 3 shows that approximately one-quarter of the visitors actually
used the interactive map to retrieve information on the plans.

The last of the three questions of the project group DNK query was about
the satisfaction of the visitors with the result of their search. This question to-
gether with other remarks of the respondents led to the conclusion that the in-
teractive map needs some improvements, especially concerning technical fun-
ctioning, speed, update rate (of the presented information), and graphic presen-
tation of maps.
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Methodology for the RPB Evaluation of the Interactive Map

The purpose of this evaluation conducted by The Netherlands Institute for
Spatial Research was to learn the extent to which the interactive map is
actually used in planning practice. Therefore, an interview was conducted
among the professionals in spatial planning whose names were picked from
the address book of the project group DNK. Those persons had either delive-
red data for the map development or were in some other way related to this
project. In addition to those for whom it was certain that they were professio-
nals in spatial planning, all subscribers to the newsletter of the DNK were also
asked to participate in the interview. For this group it was not certain how
many of them were professionals because anybody who visits the website can
sign up for the newsletter and the project gGroup has no evidence about the
origin of these persons.

The inquiry consisted of three levels — usability testing, empirical evalu-
ation and assessment of the overall value of the interactive map (Figure 4).
This approach is based on the method for evaluation of pPublic participation
websites developed by Ti$Sma (2001) which was derived from Adelman
(1992) and Adelman and Riedel (1997) approaches to the evaluation
of knowledge-based systems and decision support systems.

LoArWERALL WALLUE PO RFATIAL FLANHING

go= :F- < miai . ‘
L .T. EVALUATION

| II
1., UESARTLETY TESTIMN

Fig. 4 — Three levels of evaluation of the interactive map of DNK

According to this approach, technical properties of the system should be
evaluated in the first instance. Secondly, it is important to know how users in-
teract with the system and how they experience it. Thirdly, the way the system
responds to the needs of an organization should be evaluated. The fourth level
should consider whether this whole set — the system, the user and the organi-
zation — fits the needs of the professional community.
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The first level testing — the technical properties of the web site — was
not done because it had already been done by the project group DNK during
the development of the website. Therefore the first set of questions started
with the relationship between the user and the system. This was evaluated by
employing usability testing. Usability addresses the question of how much the
users like the system. The criteria used to measure it are a combination of cri-
teria for the usability testing of websites and the usability of computer applica-
tions in general. Those are: general ease of use, consistency, attractiveness,
control, efficiency and learnability®> The questions in the inquiry were so for-
mulated as to correspond with these criteria.

The second set of questions was related to the content of the interactive
map and it was evaluated by using the empirical evaluation method. Empirical
evaluation focuses on a user’s performance with (versus without) the system.
The reason for the empirical evaluation is that even when a system is techni-
cally well built and users like it, it still might not be used. The explanation for
that may lie in the inadequacy of the content of the system’s knowledge base
or the inadequate process of its use. The criteria for empirical evaluation are:
process quality, product quality and overall confidence of the system.

The third set of questions was about the general value of the interactive
map for the planning of society.

There were in total 34 questions in the questionnaire and the respondents
could answer on the scale from 1 (completely disagree) to 5 (completely
agree) and add their own comment.

Results of the Poll with the Users of the Interactive Map

A total of 3,713 persons were contacted by e-mail and asked to fill in the
questionnaire. Only 61 of them responded which makes 1.64%. Although the
response was so low it was decided to continue with the analyses, to at least
get some insight in the usefulness of the interactive map. As PP GIS systems
are not very often evaluated it was considered that even the modest results of
this research could be useful for other researchers and developers of planning
support and PP GIS systems. The results presented in this paper should there-
fore be considered as indicative and not as definitive.

The respondents were analyzed according to age, sex, experience in use
of the Internet, profession, frequency and reasons for visiting the interactive
map site.

3 General ease of use means that the system is easy to use and understand. Consistency im-
plies that the system is consequent in the layout of the screens and in presentation of information;
that the same commands produce the same actions throughout the system and that all parts of the
system are clearly labeled. Attractiveness tackles the degree to which users like the site, whether
they find it pleasant to use. Control shows the degree to which users feel ‘in charge’, whether the
site allows them to navigate through it with ease. Efficiency is the degree to which users feel that
the site has the information they are looking for, that it works at a reasonable speed and is adap-
ted to their browser.

Learnability is the degree to which users feel they can get to use the site if they come into
it for the first time, and the degree to which they feel they can learn to use other facilities ot ac-
cess other information once they have started using it.
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All age categories were equally represented except the one between 50
and 70 years of age, which included a slightly larger number of respondents
than the other categories. The largest part of the population were males (77%),
mostly experienced Internet users. Most of the respondents originated from go-
vernment and business (Table 3).

Tab. 3 — Respondents per origin

Category of respondent %
Government 37
Businesses 26
Education 5
Research 2
NGO 4
Private 18
Other 5
Empty 3
Total 100

Most of the respondents visit the website once a month. The reasons for
the visit are to look for plans, check what is planned in their or neighboring
municipalities, to be up to date with spatial developments, to control whether
the data that they delivered to the project group are properly presented and up-
dated. Some of the respondents come because of their general interest in spa-
tial planning, and some use the data about plans for their own purposes such
as to predict the number of potential new pupils in schools or to estimate the
potential market for some activities or products.

The majority of the answers which concerned usability testing were neu-
tral but more on the positive than on the negative side with regard to criteria
of the general ease of use, consistency, attractiveness, control, and efficiency.
With regard to the criterion of learnability, the majority of respondents thought
that it was not easy to use the system without some background knowledge
about spatial planning and GIS.

The majority of respondents were satisfied with the process of how the
map with the plans was coming into existence. They felt positively about the
way the plans were categorized, what information about the plans were presen-
ted and they thought that the terminology used was familiar to them.

Talking about the product — the map with the plans on it — the respon-
dents were not so satisfied with the visual presentation of the map and they
had some doubts about whether the information were up-to-date or not. In ge-
neral, the users thought that their search gave them a better insight into the
spatial developments planned then they would have without using the system.

Respondents were neutral about the general reliability of the interactive
map, but as with most other questions, there were more respondents on the po-
sitive than on the negative side of the scale. Whatever else this might mean, it
also indicated that the respondents were not really acquainted with the possibi-
lities of the interactive map and therefore were not able to give a precise
answer.
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The third part of the questionnaire contained questions about the value of
the interactive map for spatial planning in the Netherlands because one of the
main goals of the makers of the interactive map is to support the democratiza-
tion of spatial planning. There were only four questions at this level of evalua-
tion and the answers were somewhat extreme when compared with the other
two levels of the evaluation.

In reply to the question as to whether the interactive map helps in under-
standing the complexity of the planned spatial transformations of the Nether-
lands, a significant number of answers was below the average. The next
question was whether DNK is a good instrument for the democratization of
knowledge about the spatial planning. Here 53% of the respondents were posi-
tive, 54% of respondents thought that the interactive map increases the tran-
sparency of spatial planning and 45% thought that DNK could help improve
coordination between different layers of planning authorities in the Nether-
lands.

It is interesting to note that although only 45% of the respondents thought
that they would come back to this website, still the great majority (about 70%)
would like this project to continue and improve.

CONCLUSIONS: THEORY AND REALITY ABOUT THE
INTERACTIVE MAP AS PP GIS

The goal of this research was to evaluate the interactive map of “The
New Map of the Netherlands” as a public participation GIS. Since the first pu-
blic presentation of “The New Map of the Netherlands” in 1997, this project
received much attention in media and the professional community. In 2002,
the interactive map was presented to the general public and launched with no
restrictions. The expectations were that it would be broadly used in the plan-
ning practice. This research showed that although the website with the interac-
tive map has about 1,000 hits per day, a small portion of visitors use the map
for its primary purpose.

Two inquiries were made among the visitors and the users of the website,
but both of them had very low response rates. A low response can lead us to
two possible conclusions: (1) people do not want to waste time participating in
on-line polls, and (2) a low response also means low use of the interactive
map as PP GIS.

An explanation for both situations might be that there is an unfortunate
combination of technical problems with the interactive map such as user frien-
dliness, accuracy and actuality of data, and its novelty so that it needs time to
become admitted into the current system of spatial planning. Although the in-
teractive map is easy to understand by experienced GIS and Internet users, for
non-professionals it requires time and effort to learn how to use it and to un-
derstand the real gain of using it. The investment in learning time is still much
higher than the gains provided by the system, therefore, rational ignorance is
quite high in this case. The impact that users of the interactive map can have
on planning processes is low and it is never direct. Participants could even-
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tually initiate some changes very indirectly, by giving comments on presented
information or starting discussions about some issues with other visitors of the
website.

Our analyses showed that “The Interactive Map of the Netherlands™ is
technically and contextually not a perfect PP GIS, although it has many useful
features in itself. It is not institutionalized and therefore not embedded in the
current social and political context, thus its potentials are not being fully
exploited. However, as public participation GISs are expected to continue and
increase, “The New Map of The Netherlands” has a potential to reach a level
where it will provide adequate support to participants so that they can take an
active part in actual planning processes.

This research confirmed the previously recognized problems with public
participation GIS — technically they are still too complicated for non-professi-
onal users and they have a marginal position compared with traditional ways
of planning development and approval. The question arises as to whether the
democratization of public participation through electronic networks is a uto-
pian idea, wishful thinking in a society which is neither technically nor
institutionally ready to accept this novel approach. This issue should be given
more attention in further research on PP GIS.
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EBAJIYALIMJA TEOTPA®CKOI' MTHOOPMALIMOHOI' CUCTEMA
3A JABHO YYEII'RE TPABAHA V OJJIVUUBALY
O IMPOCTOPHUM ITNTAHOBMMA

Anekcanapa /. Tuiima
XOJIaHICKM MHCTUTYT 338 UCTPaKUBakhe IPOCTOPA,
Bubema Butsenmnajua 6, 2596 bBK Xar, Xonanamja

Pesnme

l'eorpadckn MHMOpPaMIIMOHM CUCTEMHU 3a jaBHO ydelthe y MpOCTOPHOM ILIaHU-
pamy (PP GIS) cy BeoMa moImylapHM MHCTPYMEHTHU y HayYHUM KpYroBuMma. Y Ipakcu
MPOCTOPHOI TUIaHMpamka OHM ce MehyThuMm Beoma Mayio mpumemyjy. Cmarpa ce na
[JIABHU Pa3JIO3U 3a OBAKBY CUTYyallMjy Jie)Ke y jOII YBeK KOMILIMKOBAHO] CTPYKTYPHU U
caapikajy oBux MHcTpyMeHaTa. Ca Jipyre CTpaHe y yCTaJbeHOj IHEBHOj TTPAKCH OUTyUU-
Bathba O MPOCTOPHUM TUTAHOBMMA TIOCTOjM OTIOp TpeMa MpuxBaTarby HOBUX WHCTPY-
MeHarTa.

PP GIS yecto Hucy olewuBaHU; y CTBApW, OLIEHMBAHE OBUX CHUCTEMA je jeaHa
Ol Haj3aHEMapeHUjUX aKTUBHOCTH Y LIMKJIYCY HUXOBOT pa3Boja. OBloe MpUKa3zaHO MC-
TpaKuBame Jaje Heke HoBe MHGopmanuje o kopucHocTu PP GIS cucrema y ruianep-
ckoj mpakcu. TokoM McTpakuBatba eBasiyupaH je PP GIS koju ce 3oBe “Hosa Kapra
Xonanauje”. “HoBa Kapra Xonanmuje” je GIS mpojekar koju cakyrmsba cBe moryhe
MPOCTOPHE TUIAHOBE Ha TEPUTOPHUjU NpXkKaBe, MPOBUHIMjA U OIIITAHA Y jenHy 0asy
nonataka. [lyrem MHtepHera rpahanu umajy npuctyn oapeheHom neny oBe 6aze mo-
nataka. CucteM je pMHaHCUPAIO XOJaHACKO MMHUCTPACTBO 32 MPOCTOPHO IJIaHUpa-
e, COLMjATHO CTAHOBaHhe¢ M JKMBOTHY OKOJIMHY, a Pa3BUjeH je Yy MOCJIEAHUX TeT TO-
JIMHA.

EBanyanuja je mokasana na ce PP GIS “HoBa Kapra Xonmanauje” He KOpUCTH Y
OHOj MepHU Yy KO0joj OM ce MOIVIO OYEeKMBATU C OO3MPOM Jia My je MPUIMKOM MPBOT ITy-
OJIMKOBama TOKJIOHEHA MakHka Y MHOTUM MeIujuMa.

Beoma manu 6poj mocetuiiania web cTpaHMile Ha KOjoj ce Hajasze Iojaliu O Mpo-
CTOPHUM TUTAaHOBMMA OMO je CIpeMaH Jla OJITOBOPM Ha aHKETY OBOT MCTpakuBama. Ha
OCHOBY OJITOBOpA KOjU CY OMJIM CAKYIJbeHU MOTY C€ M3BECTU CaMO MHIMKATUBHU, a He
W HayYHM 3aK/bydlld, a TO CY: JIa je CHCTEeM jOll YBEeK MpeBHUIle KOMIUIMKOBAaH na O ra
KOpPUCTWIM OOMYHU TpahaHu anu u ga rpahaHu Hemajy JOBOJbLHO MOTMBA J1a TPOIIe
CBOje BpEME€ Ha y4yere CUCTeMa, jep OCUM WLITO MOry Ja ce obaBecTe O IUIAaHOBUMA,
IbMXOBa €BEeHTyaJlHa peaklMja Ha MojelMHe IUIaHOBe HeMa JMPEKTHOI yTMIiaja Ha J0-
HOLIEHE OJUTYKA.
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THE ROLE OF PHOSPHORUS IN EUTROPHICATION

ABSTRACT: Eutrophication is an increase in the biological productivity of water ba-
sins resulting from the accumulation of biogenic elements under the influence of anthropo-
genic factors. Natural eutrophication is a slow and inevitable process. Artifical eutrophica-
tion is caused by human activity and it can be very rapid, especially in technologically de-
veloped countries. Eutrophication does not represent a mere change of water but a change
in the metabolism of the entire ecosystem and hence a change of the ecosystem itself. In
Serbia and Montenegro, all factors are present that promote eutrophication in both still
(especially in lowland areas) and running waters. This paper deals with the results of eu-
trophication monitoring and prognostication for the DTD canal network and major rivers
and lakes in Serbia, including a special review of the trophic status of lakes in the country’s
main lowland region, the Vojvodina Province. As phosphorus concentration is an important
factor in the process of eutrophication of a body of water, the study has devoted particular
attention to the control of this element.

KEY WORDS: eutrophication, organic matter, phosphorus, water trophic status

INTRODUCTION

The first study of eutrophication dates back to the early 19" century (D e
Candolle, 1825) when a Cyanophyceae species Oscillatoria rubescens in-
vaded the lake Murtensee in Switzerland. This bacterial species is still consi-
dered a reliable indicator of eutrophication.

Natural eutrophication is independent of human influence and its rate is
variable. In regions rich in nutrients, shallow waters start as euthrophic. In re-
gions poor in nutrients, there occur oligotrophic lakes. Natural eutrophication
has a slow progress, it never reaches catastrophic proportions but it cannot be
stopped.

Accelerated eutrophication caused by human action is called artificial eu-
trophication. The process may be rapid and it occurs primarily in countries bo-
asting of high technological advances. The process may be interrupted only by
discontinuing the supply of nutrients (Edmondson, 1969). If the release of
household waste waters into water ecosystems continues, the saprobity of
water keeps increasing. Some microorganisms take part in water self-purifica-
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tion, mineralizing organic substances into inorganic compounds. This process
increases the trophic level and water turns eutrophic (Uhlmann, 1967). A
similar process takes place in installations for purification of communal and
industrial waste waters. If, however, waste water rich in nutrients is released
into lentic waters, it enters the cycling of nutrients within the ecosystem resul-
ting in artificial eutrophication with all of its negative consequences.

EUTROPHICATION IN SERBIA AND MONTENEGRO

In Serbia and Montenegro (SCG) and especially in the SCG lowlands, all
factors that encourage eutrophication of lentic waters are in evidence. The in-
terest in eutrophication has intensified in recent decades. This interest coinci-
ded with the OECD international project (1982) on the control, monitoring and
forecast of eutrophication which has generated a series of reports that presen-
ted results gathered over a period of several years. Attention was focused on
the control of phosphorus since a number of studies have indicated phosphorus
as a key factor of eutrophication.

In all studies of eutrophication of lentic waters conducted so far in SCG,
attention has been given to phosphorus and its various forms since it is consi-
dered the most important element in biological production, particularly in the
processes of artificial eutrophication. Numerous literature data refer to phospho-
rus as a limiting factor in the biological production of organic matter (Schin-
dler and Lean, 1973; Schindler and Fee, 1974).

Based on the Water Act (Official Gazette of the Republic of Serbia nos.
46/91, 53/93, 67/93 and 48/94) and the Regulations on the Monitoring of
Water Quality brought by the Government of the Republic of Serbia, Hydro-
meteorological Bureau of the Republic of Serbia systematically monitors quan-
titative and qualitative characteristics of the surface and ground waters on the
territory of Serbia. Tables 1 and 2 present the results of saprobiological ana-
lyses and phosphorus concentrations, two important water quality parameters,
in the major water courses and reservoirs in Serbia.

Danube. The saprobiological analysis of water quality of the Danube Ri-
ver has indicated the presence of a moderate organic load. Bioindicators of
B-mesosaprobic zone were dominant, accompanied by indicators of a-mesosa-
probic and polysaprobic zones. The groups Bacillariophyta and Chlorophyta
were the most frequent organisms. The saprobity index placed the water
quality into class II.

Tisza. A moderate organic load. Predominance of indicators of B- and
oa-mesosaprobic zones, chiefly belonging to the groups of brown and green al-
gae. The saprobity index was within the limits of b-mesosaprobic zone, i.e.,
quality class II.

Sava. A moderate organic load. Predominance of indicators of B-mesosa-
probic zone. The saprobity index within the limits of quality class II.

Velika Morava. Predominance of indicators of B-mesosaprobic zone from
the groups of brown and green algae. The saprobity index in quality class II.

Drina. A moderate organic load. Predominance of indicators of -mesosa-
probic zone. Water quality in class I
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Canal DTD. The saprobiological analysis has indicated a moderate orga-
nic load. Predominance of indicators of B-mesosaprobic zone from the groups
Bacillariophyta, Euglenophyta and Chlorophyta. The saprobity index within

the limits of quality class II.

Tab. 1 — Concentration of phosphorus in major rivers and DTD canal network in Serbia and
Montenegro in the year 2000 (mg/lI-1)* (collected by Bogdanovic)

No. of

Water resources PO3- from-to Pyt
measurements
Dunay s 0.00—0.088 0.00—0.588
X 0.043 X 0.116
Niava 4 0.00—0.163 0.016—0.459
X 0.068 X 0.173
Vetika Moraa ; 00332085 0100300
Ibar 3 0.00—0.538 0.093—0.581
X 0.160 X 0.233
Tiea s 0.007—0.121 0.052—0.480
X 0.058 X 0.194
Tamis 3 0.010—0.157 0.071—0.211
X 0.062 X 0.152
Sava 4 0.00—0.139 0.010—0.285
X 0.051 X 0.090
Drina 4 0.00—0.048 0.014—0.080
X 0.019 X 0.045
0.003—1.630 2.241—0.031
DTD 8 X 0.192 X 0.370

* Hydrometeorological Bureau of the Republic of Serbia. [Hydrological Yearbook] No. 3, 2000.

Tab. 2 — Concentration of phosphorus in reservoirs and lakes in Serbia and Montenegro in the
year 2000 (mg/lI-1)* (collected by Bogdanovic)

Reservoir P tot PO,3-
Gruza 0.083—0.049 0.055—0.038

X 0.066 X 0.046
Bovan 0.084—0.027 0.044—0.025

X 0.055 X 0.034
Celite 0.139—0.042 0.042—0.037

J X 0.090 X 0.039

Grliste 0.065—0.043 0.028—0.020

X 0.054 X 0.024
Vrutei 0.054—0.049 0.021—0.010

X 0.051 X 0.015
Zlatibor 0.071—0.043 0.027—0.018

X 0.057 X 0.022

Lake
Pali¢ Ludos Backa Topola Bela Crkva

P tot 0.259 0.300 0.118 0.048
PO43- 0.020 0.023 0.028 0.008

* Hydrometeorological Bureau of the Republic of Serbia. Hydrological Yearbook No. 3, 2000.
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Serbia and Montenegro is situated between 42° and 46° northern geograp-
hic latitude. Its area is 102,173 km?2. It is located in the zone of moderate cli-
mate, with a small part in the northernmost periphery of the subtropical clima-
te. Serbia and Montenegro is predominantly mountainous, with the highest
summit at 2656 m on the Prokletije Mountains and the lowest point at 28 m at
the confluence of the rivers Danube and Timok.

The average annual rainfall in the mountainous part of the country ranges
between 800 and 1200 mm. The annual rainfall is below 800 mm in the lar-
gest part of Serbia, while the northern parts of the country have the rainfall
bellow 600 mm.

The population of Serbia and Montenegro is 10,394,026, with the popula-
tion density of 101.7 inhabitants/km?. According to the 1953 census, 72.9% of
the population lived in the rural areas. In the 1991 census, their number was
28.4%.

In the year 2000, the total arable land in Serbia and Montenegro was
44,450,000 ha and the number of agricultural workers was 1,738,078 or 17.1%.
In 2002, the number of private farms was 1,175,706 and the number of agri-
cultural enterprises and cooperatives 1,550.

The total area of the Republic of Serbia is 88,361 km? and it can be
roughly divided into three geographic units. The Vojvodina Province is a
lowland, the central Serbia is a medley of plains, hills and mountains, while
the Kosovo and Metohija Province is comprised of hills, mountains and val-
leys. Of the total arable land in the Republic, 85.1% are privately owned and
14.9% are state owned.

According to elevation, lowlands (up to 200 m above sea level) take 37%
of the Republic of Serbia, hills (200—500 m) and low mountains (500—1000
m) each take 26% and high mountains (> 1000 m) take about 11%. Regarding
inclination, there is a relatively high percentage (42.6%) of steep or very steep
slopes (above 30°) covered with shallow soils prone to erosion and unsuitable
for cultivation. Level sites (sloping less than 5°) and mild slopes (5—10°) take
one third of the territory and the remaining 24% are slopes between 10 and
30°, which can be used for agricultural purposes after applying certain measu-
res (Hadzic¢ et al., 2002). In the year 2000, eroded soils covered an area of
3,486 km? while the area recovered from erosion was 1,544 km?. In the same
year, the area protected from flooding was 1,376,000 ha of arable land, and
the flooded area was 60,100 ha in Yugoslavia and 46,090 ha in Serbia. Drai-
nage practices had to be applied at 2,073,000 ha, with the total canal network
of 27,205 km. The portion of agricultural land in the total territory of the Re-
public of Serbia is 65%. The main categories of agricultural land according to
use are presented in Table 3.
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Tab. 3 — Agricultural land of the Republic of Serbia according to mode of utilization, in ha*

Fields Vine- Arable Fish Agricul-
and  Orchards Meadows Pastures ponds and  tural
yards land

gardens marshes land
povodina 4579643 16496 12196 32326 1640661 119176 30140 1789977
rovince
ggrnt}irsl 1799399 228719 63265 547954 2639337 710358 5537 3355232
Kosovo and
Metohija 291046 11816 9422 88353 400640 182352 83 583075
Province

Republic of

. 3670091 257031 84883 668633 4680638 1011884 35760 5728282
Serbia Total

* 2004 Statistical Yearbook of Serbia and Montenegro.

In the year 2000, the total consumption of mineral fertilizers was 304,000
t, or 108,000 t of active substance. The average amounts of mineral fertilizers
and active substance per hectare were 68.4 and 24.3 kg/ha™!, respectively. The
number of domestic animals per hectare of arable land was 0.35.

Mineral fertilization in Serbia and Montenegro fell below normal in the
early 1990’s and this practice persisted to date. For the sake of comparison,
1,450,000 t of mineral fertilizers or 556,000 t of active substance were applied
in 1985 to a comparable acreage. These amounts were five times as large as
the currently used amounts. This is why the period 1980/90 is considered a pe-
riod of intensive use of mineral fertilizers and chemicals in general. In the
wheat-growing regions, fertilizers were applied on the basis of a system of soil
fertility control, at the ratio 1:0.52:0.45 (N:P,O5:K,0). During the period of
UN sanctions, fertilizers application plummeted (P and K could not be impor-
ted) and the ratio became quite unfavorable, 1:0.2:0.2. A study of Bogda-
novié et al. (1993) gave global estimates of soil contamination with heavy
metals and the contents of biogenous elements for 2,600,000 ha of arable land
in Serbia (Table 4). A comparison of the 1993 results with the 2000 results
from the soil fertility control system showed considerable reductions in the
contents of potassium and especially phosphorus, which were obviously due to
the systematic omission of P and K fertilization in the period 1990/2002.

Tab. 4 — Percentages of soil samples per classes of available phosphorus and potassium in Serbia
in 1993 and 1996 (Bogdanovi¢ etal., 1993; Jakovljevi¢ and Stevanovic¢ 1996)

P,0s K,0 P05 K, 0 P05 K0

Regi Area No. of " ‘
egion (ha) samples very poor optimum high to
to poor content very high
gem.ra‘ 1,000,000 1,000 59.0 8.0 17.0 34.0 25.0 37.0
erbia
;’OJV.Odma 1,600,000 1,600 26.1 938 674 832 6.5 5.0
rovince

The high contents of phosphorus (67% in the optimum class, 6.5% in the
high class) in the soils of the Vojvodina Province were the consequence of in-
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tensive P fertilization before 1990 (Table 4). As previously mentioned, the
average NPK ratio in Serbia and Montenegro in the 1970’s was 1:2.5:1.2, to
fall to 1:0.2:0.2 in the year 2000. This trend caused reductions in the yields of
agricultural crops, which was undesirable, but it also lowered a risk of pollu-
tion (eutrophication of waters by nitrates and phosphorus). On account of this
short supply of fertilizers and pesticides, the largest portion of the arable land
in Serbia and Montenegro is free of the risk of contamination with heavy me-
tals and other harmful substarlces, which makes it suitable for the production
of safe food. According to Cuvardic¢ et al. (1999), the balances of the
three most important nutrients in the soils of Serbia and Montenegro are nega-
tive: —23 kg N/ha; —17 kg P,Os/ha and —16 kg K,O/ha. The same authors cla-
im that 100 kg N/ha, 50 kg P,Osha and 80 kg K,O/ha, one domestic animal
per hectare and 30% of legumes in the crop rotations are needed to make the
balance positive. According to Bogdanovi¢ etal. (1993; 1997), based on
long-term experiments (25 years) on intensive exploitation of the chernozem
soil, a positive balance of nutritive elements is achieved by applying 100 kg
N/ha, 50 kg P,Os/ha and 40 kg K,O/ha. The nitrogen fertilization was based
on the N min method, the phosphorus and potassium fertilization on the balan-
ce method. Available phosphorus and potassium were analyzed at 4-year inter-
vals. Results of soil analyses were used for planning PK fertilization of the
Crops grown.

The most frequent agricultural sources of contamination of surface wa-
ters, water from the first aquifer and the deeper ground waters are mineral fer-
tilizers, liquid manure, communal and industrial waste waters. The Ministry
for Science, Technology and Development of the Republic of Serbia finances
national projects which cover only a part of studies of importance for environ-
mental protection. The provided funds are insufficient for conducting country-
wide experiments on a long-term basis. Therefore, this paper deals with the re-
sults of a 10-year study “Eutrophication of lentic waters of the Vojvodina Pro-
vince” conducted by Duki¢ et al. (1991). Additionally, it covers the results
of eutrophication monitoring in two mountain and two lowland reservoirs and
two lowland lakes, conducted in the period 1989/90 (Table 5). The most im-
portant parameter from the point of eutrophication is the way a reservoir is
supplied with water.

Borkovac Reservoir, built in 1975, is located on the southern slopes of
the FruSka Gora loess plateau. Its size at normal water level is 41.4 ha, its dra-
inage area is 23.8 km?. The reservoir was constructed primarily for improve-
ment and intensification of agricultural production. It is surrounded with or-
chards and vineyards, forest and tilled land. As the reservoir also serves as a
flood wave regulator, it permanently receives certain amounts of nutrients.

In a 10-year study (1980/90) of Puki¢ et al. (1991), the total amount
of dissolved salts was 410 g/m3. Trophicity parameters are given in Table 5.

Based on the 10-year trophicity parameters in Table 5, Borkovac Reser-
voir may be classified as mesotrophic, noting that oligo-mesotrophic elements
tend to occur from time to time. Based on the presence of heterotrophic bacte-
ria, according to the water classification of Kohl (1975), the water of Bor-
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kovac Reservoir gradually passed from class II to class II—III. Water quality
continually deteriorated over the observation period.

Based on the measurement of enzymatic (phosphatase) water activity,
Borkovac Reservoir has passed from category II A (satisfactorily pure) to
category III (contaminated and very contaminated) over recent years.

Sot Reservoir was constructed in the immediate vicinity of the Fruska
Gora Mountain and it was put in operation in 1981. The geological substrate
of the reservoir consists of crystal schists predominantly covered with loess.
The size of the reservoir is 22 ha, with the drainage area of 13.6 km?. The re-
servoir, surrounded with orchards and forested land, was constructed for irriga-
tion and to prevent intensive local erosion. The average amount of dissolved
salts in the period 1980/90 was 313 g/m?3. Trophicity parameters are given in
Table 5. The level of trophicity varied in the period 1980/90 as indicated by
the parameters given in Table 5, placing the reservoir into the category of me-
sotrophic waters with oligotrophic characteristics occurring periodically. The
results of enzymatic (phosphatase) water activity indicated a trend of gradual
deterioration of water quality. In the course of the observation period, the Sot
Reservoir passed from category II and III (moderately contaminated) to cate-
gory III A (contaminated).

Zobnatica Reservoir was constructed in the region of Backa in 1978. It is
supplied from the Krivaja Brook which receives certain amounts of waste
water from the village of Bajmok, and it may be potentially contaminated with
nutrients coming from the pig farm in Purdin. The size of the reservoir is 250
ha. Arable land reaches to the very edges of the reservoir and this is how nu-
trients contaminate the reservoir. The total amounts of salt ranged from 487 to
700g/m3. They were found to vary in dependence of climatic conditions,
intensity of mineral fertilization in the drainage area and the amounts and
composition of the waste waters reaching the reservoir. The water in the reser-
voir is of the Na-HCO, type. This type is characteristic for and widely spread
in the Pannonian Plain. Trophicity parameters are given in Table 5.

Considerable differences were found when comparing the 10-year values
of total phosphorus for the Zobnatica Reservoir on one side and the Fruska
Gora Reservoirs (Borkovac and Sot) on the other. The former reservoir had
much larger amounts of phosphorus, the annual increments indicating the pre-
sence of a process of accelerated eutrophication. The Zobnatica Reservoir is
classified among eutrophic waters, with periodic mesotrophic and polytrophic
elements. The results of enzymatic (phosphatase) water activity indicated a
trend of gradual deterioration of water quality in the course of the study pe-
riod. The average annual values of the index of phosphatase activity of water
showed that the water gradually passed from class ITA to classes IIIB, III and
IV. Studying the effect of agricultural production on water contamination in
reservoirs of the Vojvodina Province in the period 1980/89, Vajagié¢ and
Beli¢ (1990) noted for Zobnatica Reservoir a degradation of water quality
even in the case of well-drained soils.
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The Ludos Lake. Its size is 330 ha. It is provided with water through the
canal Ludos-Pali¢, which receives purified water from Sector II of the Pali¢
Lake and from the Keres Brook. It is located in an urban area 12 km away
from the town of Subotica. It is surrounded by private farms which use its
water for irrigation. The total amounts of dissolved salts ranged from 992 to
1,257 g/m3. Over the 10-year study period of Dukic¢ et al. (1991), the che-
mical type of water changed from NaCl to NaHCO, and then to Na,SO,.
Trophicity parameters are given in Table 5. The average annual values of the
index of phosphatase activity of water showed that the water had a very low
quality. Ratajac (1988) found that the eutrophication of that lake was in-
tensive. Studying nutritive elements and trophic level of the lake in the period
1982/87, Selesi (1988) found that the primary organic production kept in-
creasing, classifying it as eupolytrophic with the plankton-type eutrophication
and recommending a beginning of reclamation.

The Palic¢ Lake is one of the oldest lakes in Yugoslavia (originating from
1781). The main source of the phosphorus load of the Pali¢ Lake is definitely
the purified waste water from the town of Subotica.

In the period 1977—1998, the following results of P were obtained for
the first accumulating pond:

— Mean annual amount of purified water, 11,424,145 m?3;

— Mean P content in purified water, 9.01 g/m¥/year;

— Total P reaching the first accumulating pond, 103 t/year (Selesi,
2000).

This enormous amount of P is incorporated into living organisms in the
first and second accumulating pond. P uptake by the living organisms is very
intensive since the P content in the first accumulating pond (9.01 g/m3) is re-
duced to 2.9 g/m? in the lake intended for public recreation and tourism. The
average results of the 19-year study are (calculated per 10 million m? of water,
the remaining water considered as having evaporated):

— Total amount of water, 10 000 000 m-3/year

— Total amount of P, 19-year average, 2.9 g/m?

— Total P reaching the tourist part lake, 29 tons/year

Taking in consideration that the amount of P in the dry residue of algae
is 1%, it ensues that the tourist part of the Pali¢ Lake can annually produce
2,900 t of algal dry residues from the amount of P coming to the lake (thence
the thick and intensively green water of the lake). The installed filters are ca-
pable of decomposing the organic matter in the urban waste water, but salts go
directly into the lake. In the presence of O,, the bacterial filters mineralize or-
ganic matter into inorganic salts and they also are deposited in the lake. In that
way the lake takes double pressure: from nutritive salts originally contained in
industrial waste water and from nutritive salts formed as the end product of or-
ganic matter degradation in the purification technology. This enormous amount
of nutritive salts (primarily phosphorus and mineral N) is used by algae which
multiply in masses, giving the dark green color to the lake water and reducing
its transparency. P and N not only represent a load for the lake water but also
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they are taken up by living organisms, thus entering the cycle of nutrients, re-
maining in the lake for a protracted period and causing undesirable changes.
To successfully protect lake waters (of the Pali¢ and other lakes), it is neces-
sary: to reduce or discontinue the application of mineral fertilizers in the im-
mediate vicinity of the lake, to prevent soil erosion, to establish a protective
belt around the lake, with grassland, shrubbery and forest, to reduce animal
production to a minimum in the immediate vicinity of the lake, etc.

CONCLUSION

Studies conducted so far on the occurrence of eutrophication in Serbia
have led to the following conclusions:

The most common sources of agricultural pollution of surface waters,
first aquifer waters and groundwaters are mineral fertilizer and liquid manure
application and community and industrial wasterwaters.

The amount of salts (primarily phosphorus and mineral nitrogen) in water
depends on climatic conditions, mineral fertilizer use in the catchment area
and the amount and composition of wastewaters that flow into the accumula-
tion.

Monitoring of trophic status parameters in accumulations and lakes has
revealed that the quality of water has dropped severely with a tendency
towards further eutrophication (Table 5). This calls for protective measures to
be taken, otherwise the waters will become unusable for their intended purpo-
ses.

In order to slow down the process of eutrophication in the lakes and ac-
cumulations, mineral fertilizer use should be reduced or even completely di-
scontinued, soil erosion around the lakes should be prevented, buffer zones
should be established that consist of lawns, shrubbery or even woods, and all
animal husbandry activity in the surrounding area should be reduced to a mini-
mum.
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VIJIIOTA ®OCDOPA Y EYTPOOUKALININ

Japunka M. Bbormanosuh
IMomonpuspeanu dakynrer, Tpr Jocuteja Obpanosuha §, 21000 Hosu Can

Pesume

Eyrpodukanuja je moBehame OMOOIIKE INMPOAYKTUBHOCTUM BOJAEHMX OaceHa, a
HacTaje Kao IMocyiequnlia CaKyIlbarba OMOTEHMX eJeMeHaTa IOJl IjCTBOM aHTPOTIOTEHUX
(axTopa. IlpupoaHa eyrpodukaiyja je BeoMa criopa U He MOXe ce 3aycTaBUTU. Be-
IITavka eyTpoduKalyja je n3a3BaHa YOBEKOBUM JEJI0BarbeM M MOXKe OMTU BeoMa Op3a
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rnocebHO y 3em/baMa ca pa3BujeHoM TexHoJjorujoM. [lojaBa eyTpodukanuje HUje Heka
MpocTa MpoMeHa BOJe, Hero MpoMeHa MeTaboJiM3Ma YMTaBOT €KOCUCTeMa, a pe3y/Tar
TOTa je MpoMeHa M caMor eKocucTema. Y Halloj 3eMJbU Cy, Takole, MPUCYTHU CBU
OHM aTpUOYTHU KOjU IOCIENIyjy eyTpoduKalujy ctajahux Boma, IOCceOHO y paBHMYAP-
CKMM peoHuMa, aiu U Tekyhux Boma. OTyna ce y paay M3HOCe pe3yaTaTd MOHUTOPUH-
ra u mporHose eyrpodukanuje 3a kaHan AT/l u Behe pexe u jesepa, ca moceOHUM
OCBpPTOM Ha IapamMeTpe TpohHUUHOCTH jedepa y paBHUuYapckom neiny Cpouje — BojBo-
muHu. Kako je koHmeHTpaumja docdopa y BogaMa 3HadajaH (pakTop eyTpodukauuje,
oTyna je M mnocebHa Maxkma rnmocBehieHa KOHTPOJIM OBOT €JIeMEHTa.

Ha 6a3u mapamerapa TpoUYHOCTH BOJE y akyMmyJaluvjama u jesepuma y Bojso-
IUHU (Tab. 5), KBaJUTET BoAe Yy IpaheHOM MEpPUOIY jaKO Ce MOTopIlao, ca TCHACHLIM-
joM maibe eyTpoduKallije, Te ce MOopajy Tpeay3eTu Mepe 3aiTuTte jep he y mpoTuBHOM
BoJa OUTH HEyIoTpeOsbMBa 3a HaMEHE 3a Koje je IpOjeKToBaHa.
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SPECTROPHOTOMETRIC METHOD FOR THE STUDY
OF THE ANTIOXIDANT ACTIVITY APPLIED ON
ZIZIPHUS JUJUBA AND HYDRANGEA PANICULATA

AQUEOUS EXTRACTS

ABSTRACT: Antioxidant activity of water extracts from Ziziphus jujuba fruits and
Hydrangea paniculata leaves, maintained in a refrigerator, was determined by the potassium
permanganate method. The results presented in this paper indicate that the fruit extracts
from Ziziphus jujuba had higher antioxidant activity than Hydrangea paniculata leaf ex-
tracts and that both fermentation processes had a strong effect on antioxidant activity.

KEY WORDS: antioxidant activity, plant extract, spectrophotometric method

INTRODUCTION

It is a current trend in different domains, especially food production and
medicine, to search for natural products that can replace the synthetic ones that
can Ziziphus jujuba fruits and Hydrangea paniculata leaves are known to be
rich in flavonoids (Pridham, 1965; Clement et al.,, 2004). and this is
why we have studied their antioxidant properties versus ascorbic acid, a syn-

thetic and water-soluble antioxidant.

87



MATERIAL AND METHODS

Material: Potassium permanganate and sulfuric acid were purchased from
“Reactivul”, Bucuresti, the ascorbic acid from Merck and the YPD agar medi-
um from Teknova.

Apparatus: Spectrophotometer SPEKOL 10 (Carl Zeiss, Jena) fitted with
30 ml quartz vats and magnetic stirrer and coupled with an acquisition plate
(Ai-chrom 727 computer interface Aion Chromatography, Inc., USA) and a
Pentium II computer for the antioxidant activity determination.

Plant material: Fruits of Ziziphus jujuba (E1) and leaves of Hydrangea
paniculata (E2) were collected in October 2004 and were dried at 20°C in the
dark place. After that, 4 g of the dried sample was finely chopped into small
parts and then extracted with 60 ml water for 70 h at 10°C, followed by filtra-
tion. The final volume of the extract was 40 ml.

Antioxidant properties screening by the potassium permanganate assay:
The method is based on the redox reactions between the antioxidant sample
and the potassium permanganate in sulfuric acid media, leading to sample di-
scoloration. Previously done experiments Ianculov et al., 2001) determi-
ned only the time until no color could be observed. We have improved this
method by the spectrophotometric pursuit of the process, which allows a more
accurate calculus. We have already published a series of results obtained by
this method on various spices (Szabo et al, 2005; Cacig et al., 2005).

Variable amounts of samples (v ml), depending on the intensity of the
antioxidant activity, were introduced in a 30 ml quartz vat containing an
oxidative mixture of: 1.5 ml potassium permanganate 0.01M; 3.5 ml sulfuric
acid 2M and (20-v) ml distilled water. That moment was considered the zero
time. The spectrophotometer signal (mV) was then registered at 535 nm until
constant value. Subsequent variation ariations of the potassium permanganate
concentration were afterwards determined based on a previously prepared cali-
bration curve. The extracts were kept in the a refrigerator (10°C) and the
analyses were done within 40 days from the beginning of their storage.

RESULTS AND DISCUSSION

The spectrophotometer signal appearing on the monitor represents mV
values. A calibration curve was determined by preparing a series of six soluti-
ons with different concentrations of potassium permanganate and registration
of the electronic signal (mV) for each of them. Pairs of data were graphically
presented and linearly fitted. The obtained graphic and the corresponding
equation are presented in Figure 1.

Based on this, the potassium permanganate concentration (x) can be de-
termined from the signal value (y) using the formula:

oY -0,929

1
381328 &
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Fig. 1 — Calibration curve for the potassium

permanganate in the oxidative mixture

The corresponding curves for the extracts kept in the refrigerator, are
shown in Figure 2a, b after 1, 2, 4, 8, 12, 18, 24, 32 and 40 days from their
preparation.

Most curves show a decrease in the potassium permanganate concentra-
tion, as expected. Still, in some cases, the rapid decrease is followed by a false
increase, due to the formation of MnO, particles, which afterwards precipitate.

It is probable that during the first step, corresponding to the rapid decrea-
se of the concentration, reacts substances with higher antioxidant activity
whitch are able to reduce Mn (VII) to Mn (II). After that, reacts substances
with lower antioxidant activity which reduces Mn (VII) up only to Mn (IV),
— precipiting MnO, leading to the precipitate formation. During the first pha-
se of this phenomenon, the formed MnO, particles thus formed induces the
light diffusion and temporarily increase total fake absorption. Later on, a part
of the MnO, precipitates, and another part is probably dissolved by the sulfuric
acid in the medium and this is why the absorption decreases again.
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Fig. 2a — Variation of the potassium permanganate concentration after adding 0.2 ml
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In order to quantitatively compare the antioxidant activities, we proposed the
following formula:

Vv[andard X V
\%

t
extract (2)
plant sample

_ standard
ASO - t

c

m

standard

plant sample plant

where:
A, — antioxidant activity expressed, reflected in the time until the sample in-
duces a decrease of the oxidizing agent [potassium permanganate] concentra-
tion up to one half, compared against a standard [ascorbic acid] (mmol equi-
valent standard / g plant)
Lytant sampie — the time until the sample induces a decrease of the permanganate
concentration up to one half (min)
tyunara — the time until the standard (ascorbic acid) induces a decrease of the
permanganate concentration up to one half (min) [0.65 minutes as seen in Fi-
gure 3]
Cunara — Standard (ascorbic acid) concentration (mmol/ml) [0.01 mmol/ml]
m,,,, — weight (g) of the plant sample submitted to extraction [4g]
tant sample — VOlume of the plant extract submitted to the analysis [0.2 ml]
vandara — Volume of the standard submitted to the analysis [1 ml]
— volume (ml) of the obtained extract [40 ml]
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Fig. 3 — Variation of the potassium permanganate concentration after adding 1 ml
of ascorbic acid 0.01 mol/l (mmol/ml)

The variations in the Ay, values are given in Table 1.
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Tab. 1 — Ajsq values for the studied extracts

Day (mmol equivalent asscoorbic acid/g plant)
Ziziphus jujuba Hydrangea paniculata
1 0.1935 0.0228
2 0.1231 0.0200
4 0.1401 0.0223
8 0.1563 0.0245
12 0.1935 0.0317
18 0.2902 0.0278
24 0.1195 0.0145
32 0.0813 0.2257
40 0.0903 0.0200

The differences in the Ay, values were related to the observed fermenta-
tion processes. It previously noticed (C acig, 2005) that the samples maintai-
ned at the room temperature, produce different patterns (C a c i g, 2005),
compared to those maintained in the refrigerator. Temperature has influenced,
not only on the reaction kinetics, but also on the microorganisms present. Our
assumption that there were at least two types of microorganisms was proved
correct after sowing on YPD (yeast peptone dextrose) agar medium (Figure 4).

Siziprns piifwbe fruns Fhdranges paniculara leaves

Fig. 4 — Results of the YPD agar medium sowings, 4 days later

CONCLUSION

The spectrophotometric method we propose allows the quantitative appre-
ciation of the antioxidant activity for the tested aqueous plant extracts.

With a single exception, Ziziphus fruit extracts seemed to have higher
antioxidant activity than Hydrangea leaf extracts.
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Fermentative processes seem to improve the antioxidant activity of the
aqueous extracts, but further studies are necessary in order to determine the in-
fluence of ethanol, which is probably produced during the fermentation proces-
ses, on the obtained results.
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ZIZIPHUS JUJUBA 1 HYDRANGEA PANICULATA
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Pesume

Y pany je u3yyaBaHa aHTMOKCUIATMBHA aKTUBHOCT BOJEHOI €KCTpakTa Ziziphus
Jjujuba (tnon) w Hydrangea paniculata (1UCT).

AKTUBHOCT je onpeheHa Ha 6a3u peaklyje aHTUMOKCUAATHBHUX y30paKa ca Kasu-
jYM TIepMaHTaHATOM y KHUCEJIOj CPeIuHMU.

Pesynratu ucnuTuBamba Mokasyjy Ja €KCTpakTH A00OWjeHu u3 1uioaa Ziziphus ju-
Jjuba umajy Behy aHTMOKCUAATUBHY AKTMBHOCT HETO €KCTPakTW U3 Jucta Hydrangea
paniculata.
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VARIABILITY OF LEAF CHARACTERISTICS
IN DIFFERENT PEDUNCULATE OAK GENOTYPES
(QUERCUS ROBUR L.)

ABSTRACT: The objective of this study was to determine genotype influences on
pedunculate oak’s leaf traits: leaf area, specific leaf area (leaf area per unit of leaf mass),
concentration of photosynthetic pigments, rates of photosynthesis and respiration, and nutri-
ent concentrations (nitrogen, phosphorus, potassium, calcium, and sodium). Leaf samples
were taken from seventeen Q. robur genotypes originating from clonal seed orchard Banov
Brod (Srem, Vojvodina, Serbia). Leaf area of the studied genotypes ranged from 248.4 to
628.8 cm2, SLA from 109.4 to 160.7 cm?2 dry matter!, rates of photosynthesis and respira-
tion from 6.98 to 20.32 and from 6.73 to 14.65 umol O, m=2 s-1, respectively. The leaves
of genotype 35 contained the highest concentration of photosynthetic pigments, while the
lowest were recorded in genotype 29. The following pattern of nutrient concentrations was
obtained for the studied genotypes: N > Ca > K > P > Na. Genotype variability of P, K, Ca,
and Na concentrations was more pronounced when compared with nitrogen. Estimated
quantitative differences are the consequence of interaction of certain genotype and common
environmental conditions for all trees. These results will provide information on intraspeci-
fic variation of the studied leaf characteristics.

KEY WORDS: Quercus robur, SLA, leaf area, photosynthesis, photosynthetic pig-
ments, respiration, N, P, K, Ca, Na

INTRODUCTION

Leaves are the main photosynthetic organ in trees. Being highly sensitive,
they are continuously subjected to environmental conditions as well as to phe-
nological cycles and growth rhythms (Bussoti et al.,, 2000). Same environ-
mental conditions could cause similar answers of leaf characteristics in trees.
Castro-Diez etal. (1997) showed that some Quercus species could exhi-
bit different responses (mirrored in leaf morphology and leaf chemical compo-
sition). Among other morphological parameters, specific leaf area (leaf area
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per unit of leaf mass) is often used for characterizing leaf structure. Leaves
will have a lower SLA if they are denser (greater mass per volume) or thicker
(Reich et al., 1998). Because of its correlation with leaf gass exchange and
leaf nitrogen, SLA has been extensively studied (Wright et al., 2001).

Previous studies of certain leaf characteristics have dealt with differences
between individual tree species, while intraspecific variations remained less
known. Speaking of the latter, the results for properties of an entire genetically
heterogeneous population may differ from those relating to identifiable sub-
samples within a population. Contrary to their expectations, Bruschi et al.
(2003) found that among-tree variation of morpho-anatomical traits of Q. pe-
traea leaves was lower than within-tree variation.

Element concentrations in organs of tree species are characterized by
wide variability, depending on soil properties, climate factors, season and
community structure (Mulev et al, 1990). The element accumulation in
plant leaves is a dynamic process that is coupled with other metabolic proces-
ses occurring in the plant (Giertych et al.,, 1997). Beside environmental
conditions mentioned above, it is influenced also by leaf and plant age and le-
af type. Foliar nutrient contents are often used to describe plant nutritional sta-
tus and requirements (M arschner, 1986).

Our hypothesis was that morpho-physiological characteristics of leaves
differ among genotypes within the same stand and that these differences are
under genetic control. Hence, objectives were to compare the variability of se-
lected traits in Quercus robur genotypes, as well as to select genotypes posses-
sing desirable characteristics for possible use in seed production, breeding and
reforestration projects. These objectives were obtained by comparison of leaf
morphology (leaf area, SLA), and physiology (concentration of photosynthetic
pigments, rates of photosynthesis and dark respiration, leaf concentrations of
N, P, K, Ca, and Na) in pedunculate oak genotypes grown under the same fi-
eld conditions.

MATERIALS AND METHODS
Study area

The plant material for this investigation was obtained from the clonal
seed orchard Banov Brod, situated along the left bank of the river Sava
(44°55° N, 19°23’ E), 81 m above sea level. The soil in the orchard belongs to
eutric cambisol type. Its basic chemical characteristics were analyzed at Labo-
ratory for Agroecology of Institute of Field and Vegetable Crops (Report no.
08-96/837) and data are shown in Table 1. The plantation consists of 85 Q. ro-
bur genotypes, and was established by grafting. To assess leaf morphological
and physiological traits seventeen genotypes were chosen: 4, 5, 6, 16, 18, 20,
21, 22, 25, 28, 29, 30, 33, 35, 38, 40, and 85.
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Tab. 1 — Soil chemical properties

CaCO; Humus Nitrogen AL-P,05 AL-K,0 pH
(%) (%) (%) mg/100 g mg/100 g in KClI in H,0
0.98 3.48 0.233 6.1 24.1 6.3 6.5

Plant material

Leaf samples were taken from 20-year-old trees grown under identical
environmental conditions. In order to reduce the within-tree variability, one
branch was harvested from the middle of the crown of each genotype chosen.
Branches were immediately transported to the laboratory in closed plastic
bags. Only undamaged, completely expanded (mature) current-year leaves (the
same shoot and flash) were used for analysis.

Leaf morphological characteristics

The mean leaf area of individual genotypes (cm?) was determined by por-
table leaf area meter LI — 3000 (Li-Cor, USA), using twenty mature leaves.
These leaves were dried in paper bags at 105°C to constant weight, and their
mass was measured to estimate a value for specific leaf area (cm? dry mat-
ter!).

Leaf physiological characteristics

The concentration of photosynthetic pigments (chlorophyll a, chlorophyll
b, and total carotenoids) was estimated spectrophotometrically after extraction
in absolute acetone and expressed as mg g-! dry matter (Wettstein, 1957).

The rates of net photosynthesis and the dark respiration were determined
polarographically, using a oxygen electrode (Walker, 1989). The rate of
photosynthesis was evaluated by the quantity of released oxygen (umol O, m2
s7'), and the dark respiration by the quantity of absorbed oxygen (umol O, m=
sh).

Following drying at 105°C, the content of leaf dry matter was measured
and expressed as percentage of fresh leaf mass. Dried leaf samples were milled
and used for chemical analysis. Total N concentration was estimated by stan-
dard micro-Kjeldahl method (Nelson and Sommers, 1973). After dry
ashing at 450°C and treatment with HCI, samples were analyzed for P, K, Ca,
and Na concentrations. Phosphorus concentration was determined spectropho-
tometrically by ammonium-vanadate-molybdate method (Gericke and Kur-
mies, 1952). Potassium and sodium concentrations were estimated using fla-
me photometry (Marjanovié¢ and Krstid¢, 1998), and calcium by atomic
absorption spectrophotometry (VARIAN SPECTRA A-10). Nutrient concentra-
tions were expressed in mg%, i.e., mg per 100 g dry matter.
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Statistical analyses

The obtained results were processed statistically by the analysis of varian-
ce using the program MSTATC. The comparison of genotypes was done by
Duncan’s test. The mean values of the studied parameters were ranked and
marked with letters. Values with the same letter did not differ significantly at
p < 0.05.

RESULTS
Leaf morphology

Table 2 summarizes the values of leaf area and SLA. Leaf area varied
from 248.4 to 602.1 cm?. Genotypes 18 and 20 could be separated from others
by the lowest (248.4 and 263.6 cm?, respectively), while genotypes 6 (601.9
cm?), 29 (628.8 cm?) and 38 (602.1 cm?) by the highest values. Compared
with the leaf area, SLA showed almost two fold lower variability among the
studied genotypes. It ranged from 109.4 (genotype 40) to 160.7 cm? g-! (geno-
type 35).

Tab. 2 — Morphological parameters of leaves in different Q. robur genotypes. CV — coefficient
of variation (%); LA — leaf area (cm2?); SLA — leaf area per mass (cm? dry matter-!)

Genotype LA SLA
4 490.9 bc 144.0 abc
5 574.3 ab 117.6 ef
6 601.9 a 148.5 ab
16 321.6 efg 129.5 bede
18 2484 ¢ 136.6 bede
20 263.6 g 141.2 abed
21 485.1 ¢ 120.2 ef
22 391.1 de 145.3 ab
25 386.2 def 121.3 def
28 360.1 def 132.1 bede
29 628.8 a 124.4 cdef
30 291.7 fg 123.9 def
33 369.6 def 148.8 ab
35 434.1 cd 160.7 a
38 602.1 a 144.8 ab
40 323.7 efg 109.4 f
85 317.1 efg 134.8 bede
Average 417.1 134.3
Ccv 12.5 7.80

Leaf physiological characteristics

The data related to rates of photosynthesis and respiration are given in
Table 3. The rate of net photosynthetic oxygen evolution depended on geno-
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type. The highest photosynthetic activity was estimated in genotype 35 (20.32
pmol O, m= s7'), the lowest in genotype 40 (6.98 pmol O, m=? s7'). The grea-
test differences in dark respiration rate was obtained between genotypes 38
(6.73 pmol O, m=2 s') and 21 (14.65 pmol O, m= s7!).

Tab. 3 — Rate of photosynthesis (umol O, m=2 s-1) under light saturation and the rate of dark re-

spiration (—pmol O, m=2 s-1) in Q. robur genotypes. CV — coefficient of variation (%).

Genotype Net photosynthesis Dark respiration
4 11.12 ef 9.17 def
5 11.87 def 9.67 cdef
6 11.06 ef 9.67 cdef
16 11.84 def 11.37 bed
18 9.45 fgh 11.62 be
20 13.15 cde 10.15 cdef
21 17.40 b 14.65 a
22 11.26 ef 10.65 bede
25 11.87 def 10.40 bedef
28 12.90 de 11.84 be
29 14.48 cd 10.12 cdef
30 14.96 be 8.67 efg
33 13.07 cde 9.90 cdef
35 20.32 a 8.95 ef
38 8.09 gh 6.73 g
40 6.98 h 12.62 b
85 10.62 efg 8.23 fg
Average 12.38 10.26
CvV 12.35 11.89

The studied genotypes also differed considering the concentration of pho-
tosynthetic pigments and the dry matter content (Table 4). On average, leaves
contained 4.53 mg g! of chlorophyll @, 1.31 mg g! of chlorophyll b, and 1.16
mg g!' of carotenoids. Leaf dry matter content in individual genotypes varied
between 31.4 (genotype 35) and 43.0% (genotype 40).

Tab. 4 — Concentration of chloroplast pigments (mg g-! dry matter) and dry matter (%) in diffe-
rent Q. robur genotypes. CV — coefficient of variation (%).

Chlorophyll

Genotype Chlm;)p hyll Chlorgp hyll ath Carotenoids Dry matter
4 5.19 bed 1.64 b 6.83 bed 1.26 bed 427 a
5 5.35 be 1.36 cd 6.71 cde 1.43 ab 33.8 fg
6 5.70 ab 193 a 7.63 ab 1.41 abc 36.2 de
16 443 efg 1.42 bed 5.85 efg 1.19 def 38.0 cde
18 3.69 hij 0.86 e 4551 1.06 efg 38.5 bed
20 332 jk 1.02 e 433 i 0.84 h 37.2 cde
21 3.88 ghij 1.05 e 4.93 hi 1.03 fg 37.6 cde
22 431 fgh 1.26 d 5.57 fgh 1.09 defg 359 ef
25 4.55 def 1.43 cd 5.98 def 1.22 de 404 b
28 4.97 cde 1.43 bed 6.40 cdef 1.24 cde 38.7 be
29 2.78 k 0.66 f 3.45j 0.78 h 36.4 cde
30 4.08 fghi 0.96 e 5.06 ghi 1.02 fg 36.0 def

99



33 5.04 bcde 1.55 be 6.59 cde 1.19 def 335 gh

35 6.19 a 1.88 a 8.07 a 149 a 314 h
38 5.35 be 1.56 bc 6.91 bc 1.28 bed 37.2 cde
40 3.49 ij 0.85 ef 4.34 i 0.92 gh 43.0 a
85 4.71 cdef 1.37 cd 6.07 cdef 1.22 de 37.7 cde
Average 4.53 1.31 5.84 1.16 373
(&% 7.91 8.78 7.88 8.76 3.44

Table 5. summarizes leaf concentrations of macronutrients (N, P, K, Ca)
and Na in different Q. robur genotypes. Compared with the other nutrients
analyzed, nitrogen concentrations were highest and they showed lowest geno-
type differences. The highest nitrogen accumulation was recorded in genotypes
25, 35, and 38, the lowest in genotype 30 (3188 mg%). Phosphorus concentra-
tions varied between 100 and 164 mg%. Highest concentrations were obtained
in genotypes 25, 35, and 85, the lowest in genotype 20. On average, the con-
centration of this nutrient for all genotypes amounted to 136 mg%. According
to potassium concentrations, genotypes can be classified into several groups.
Genotypes 35 and 85 showed the highest accumulation of this macronutrient
in leaves (858 and 850 mg%, respectively), whereas genotype 40 the lowest
(408 mg%). The average calcium concentration was 2603 mg%. Its minimum
and maximum values were 1,756 and 3,279 mg%, respectively. The greatest
difference was found between genotypes 21 and 29. Leaf sodium concentrati-
ons were low, ranging from 25 to 56 mg%. Highest concentrations were recor-
ded in genotypes 25 and 35 (56 and 53 mg%, respectively). Genotype 29 was
characterized by the lowest calcium concentration, as well as the lowest sodi-
um accumulation.

According to total ash content, the studied genotypes could be classified
into four groups (Table 5). Generally, mineral matter content varied between
4.13 and 7.21%. Genotypes 20, 29, and 40 were distinguished from the others
by lowest, and genotypes 4, 21, 25, 30, and 38 by highest ash contents.

Tab. 5 — Leaf concentration of mineral elements (mg%) and total ash content (%) in different Q.
robur genotypes. CV — coefficient of variation (%).

Genotype N P K Ca Na Total ash
4 4108 bc 123 ef 617 de 2924 abce 32 cdefg 6.72 a
5 3848 e 141 cd 633 de 2838 abc 38 bed 6.07 b
6 3739 f 135 de 550 ef 3087 ab 30 efg 6.10 b
16 3695 fg 119 fg 717 bed 2147 defg 43 b 535 ¢
18 3869 e 120 fg 792 ab 2030 efg 34 cdef 587D

20 3623 g 100 h 467 fg 1951 fg 38 bed 452 d
21 4145 abc 153 abc 650 cde 3297 a 27 fg 6.79 a
22 3695 fg 146 bed 533 ef 2453 cdef 30 efg 533 ¢
25 4210 a 164 a 592 de 2921 abc 56 a 6.80 a
28 4174 ab 146 bed 767 abc 2845 abc 43 b 6.04 b
29 3688 fg 107 gh 458 fg 1756 g 25 ¢g 4.62 d
30 3188 h 117 fg 463 fg 2870 abc 35 cde 6.77 a
33 4000 d 155 abc 608 de 2504 cde 34 cdef 622 b
35 4203 a 164 a 858 a 2603 bed 53 a 6.00 b
38 4203 a 160 ab 708 bed 3119 ab 39 be 721 a



40 3710 fg 107 gh 408 g 2451 cdef 38 bed 413 d

85 4079 cd 163 a 850 a 2452 cdef 43 b 519 ¢
Average 3893 136 628 2603 38 5.87
CcvV 1.25 5.86 10.73 10.82 11.10 5.11
DISCUSSION

Under similar growth conditions, the studied genotypes differed signifi-
cantly in various leaf characteristics. However, intraspecific natural variability
is known, and uniformity of growth conditions for all plants suggests that dif-
ferences between genotypes were of genetic origin.

Genotypes 6, 29, and 38 could be separated by largest leaf areas, while
genotypes 18 and 20 developed leaves with smallest areas. Genotype 38 deve-
loped the largest leaves. According to Kastori (1998), morphological leaf
features such as leaf area, leaf longevity, and SLA may be important in cha-
racterization of photosynthesis. Having almost thickest leaves and smallest leaf
area among the studied plants, genotype 40 may be separated from the others
by the lowest SLA. On the other hand, the highest SLA was estimated in
genotype 35, which developed relatively thin leaves. Furthermore, the leaves
of genotype 40 had the lowest photosynthetic activity, calculated on leaf area
basis, while the highest oxygen evolution rate under light saturation was mea-
sured in genotype 35. Considering these results, it seems that leaf structure in
genotype 35 enhances light harvesting resulting in the highest net photosyn-
thetic activity. The question is: does a change in SLA alter the amount of light
that can be intercepted per unit leaf mass? Results of Evans and Poor-
ter (2001) suggested that SLA does not affect the whole leaf efficiency of
light capture by the pigments. Therefore they concluded that in the absence of
structures altering leaf reflectance (e. g., waxes and hairs), leaf absorbance is
simply related to the chlorophyll content per unit leaf area. But, across a range
of species, acclimation to a low-light environment is characterized by increa-
sed SLA, which was found to be far more important in maximizing carbon
gain per unit leaf mass.

Interspecific divergence of photosynthesis in tree species has often attrac-
ted scientific interest because photosynthesis is a process strongly affected by
ecological factors such as air temperature (Hamerlynk and Knapp,
1996), CO, concentration (Beerling, 1996; Kubiske and Pregitzer,
1996; Atkinson et al, 1997, Ward and Strain, 1999), and soil O,
concentration (Pezeshki et al., 1996). On the other hand, there was no data
dealing with intraspecific, i. e., genotypic variability of this process in trees,
including oak species. The cognition of biological sense of photosynthesis gi-
ves priority to genotypes characterized by high net photosynthetic rate. It is
hard to reliably define genotypic specificity for photosynthetic activity since
this physiological process is significantly affected by environmental factors
and the ontogenetic stage of the photosynthetic organ and these factors mani-
fest themselves in a wide time range (Pajevi¢ et al., 1999).

101



A comparison between data for maximum photosynthetic activity under
light saturation in laboratory conditions and the concentration of photosynthe-
tic pigments suggests a positive correlation (1> = 0.12; data not shown). More-
over, genotype 40, showing the lowest photosynthetic activity, was one of tho-
se having the lowest concentrations of chloroplast pigments, while the highest
values of these parameters were obtained in genotype 35. This positive corre-
lation was unexpected, because a lack of correlation between photosynthetic
parameters and pigment concentration has been noticed previously in other
plant species (Edwards et al, 1993; Pajevid et al, 1999).

Although photosynthesis has been the focus of much measurement and
modeling, less is known about plant respiration, i.e., foliar respiration rates for
many tree species are currently unknown (Mitchell et al.,, 1999). The re-
sults of our study showed certain genotypic diversity in the rate of dark respi-
ration in Q. robur. On the whole, the average dark respiration rate was —10.26
umol O, m=2 s!. Genotype 21 could be singled out for the highest, genotype
38 for the lowest rate of dark respiration.

Chemical analysis showed that Q. robur leaves contained, on average,
3,893 mg% of nitrogen, 2,603 mg% of calcium, 628 mg% of potassium, 136
mg% of phosphorus, and 38 mg% of sodium. Compared with mean annual
concentrations of bioelements in Q. fraineto and Q. cerris leaves (Mulev et
al.,, 1990), our results were higher for N, Ca, and Na, lower for K, while
phosphorus concentration was between these two species. Similar patterns of
nutrient concentration were reported for Q. robur and Prunus avium L. X pseu-
docerasus Lind. (Atkinson etal, 1997), and for Ca, K, and P in Q. velu-
tina leaves (Spector, 1956). According to Komlenovié¢ and Cestar
(1987), leaves of forty-year-old pedunculate oak trees contained less N and Ca
and more P and K when compared with our data. Although the mineral nutri-
tion is species specific (Sari¢ and Loughman, 1983), these differences
could be the consequence of plant age, climatic and edaphic conditions.

Considering all leaf characteristics studied, leaf area showed the highest
variability (12.5%). These results are consistent with findings of Bussotti
et al. (2000), who reported greater variability of leaf morphological parameters
than leaf nutrient concentrations in three tree species. Somewhat lower varia-
bility was estimated for net photosynthetic rate (12.35%) and dark respiration
rate (11.89%). Coefficient of variation of photosynthetic pigments and SLA
was about 8%, while dry matter content revealed a low level of genotypic
variability (3.44%).

The results presented above suggest that Q. robur genotypes did not
exhibit large divergence regarding the studied leaf traits. These quantitative
differences, illustrating intraspecific variability of the studied parameters, are
the consequence of interaction of certain genotype and common environmental
conditions for all trees. Within-species variability of leaf morphology and
structure may improve plant performance, allowing species to maintain their
fitness over a wide range of environmental conditions and resource availabiliti-
es (Castro-Diez et al, 1997). Garnier et al. (1997) concluded that
interspecific differences in structural and chemical characteristics of leaves are
maintained under a wide range of growing conditions. Additionally, conside-
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ring common environmental conditions for all of the studied plants, these re-
sults can provide information on the degree of genetic control of these parame-
ters. These results could be used in selection of genotypes having desirable
characteristics such as high photosynthetic activity. However, variations be-
tween genotypes should be considered with caution because of their strong
connection with ecological factors; light conditions, before and among others,
definitely influence leaf characteristics (e.g. leaf area, leaf mass, leaf thickness,
SLA).

CONCLUSION

The results presented above suggest that the estimated intraspecific varia-
tions of the studied Q. robur leaf traits were slight but statistically significant.
Considering all genotypes, leaf area, net photosynthetic and dark respiration
rates showed the highest variability of all studied leaf characteristics. Genotype
35 could be distinguished for the highest concentrations of N, P, K, Na,
photosynthetic pigments, as well as the rate of photosynthesis.
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BAPUJABUJTHOCT OCOBMNHA JIMCTA KO PA3JIMYUTUX
TFTEHOTHUITOBA XPACTA JIYKHbAKA (QUERCUS ROBUR L.)

Harama I1. Hukonuh!, bopusoj b. Kpcruh!,
Cnob6onanka Il. ITajeuh!, Cama C. Opnosuh?
I lenapT™MaH 3a GUOJIOTHjy U eKojorujy, [IM®,
Tpr Hocureja O6panosuha 2, 21000 HoBu Can, Cpbuja
2 MTHCTUTYT 3a HU3UJCKO IIIyMApCTBO M JKMBOTHY CpEAMHY,
Antona Yexoma 13, 21000 Hou Can, Cpbuja

Pesnme

VY pany je mpoyyaBaH yTHIlaj FEHOTUIA HA OCOOMHE JIMCTA XpacTa JyKHaka: Ju-
CHY TMOBPUIMHY, CHeM(UIHY JHUCHY MOBPILIMHY (MOBPIIMHA JUCTA MO jeMUHUIM Mace
JINCTA), KOHUEHTpAujy (POTOCMHTETUYKMX TMHUIMeHaTa, WHTEH3UTET (hOTOCUMHTE3e U
IMcama, Kao U KOHLEHTpalLMjy HyTpujeHaTa (a3ora, ocdopa, Kaaujyma, Kaauujyma u
HaTpujyma). Y30pIM JIMCTOBA Cy y3€TH Ca CeJaMHAeCT I'€HOTHUIIOBA XpacTa JIy)KHaka
(Quercus robur L.), Koju MOTUYY U3 BereraTMBHE CEMEHCKe IuiaHTaxke baHoB bpon
(Cpem, Bojsomuna, Cpbuja). Y3umajyhu y o03up cBe IreHOTHUIIOBE, JIMCHA TMOBPIIMHA
ce kpertasa of 248.4 1o 628.8 cm?, cnermduyHa gucHa moBpmuHa on 109.4 mo 160.7
cm? cyBa mMatepuja~!, MHTeH3UTET (HOTOCHHTE3e M aucama o 6.98 mo 20.32, omHOCHO
on 6.73 no 14.65 pmol O, m2 s-!. Hajseha koHLeHTpalja GOTOCUHTETUUKUX MTUTMe-
Harta ytBpheHa je kon reHotuna 35, a HajMawa Koi reHotuna 29. Koa cBuX reHOTUIIO-
Ba yTBpheH je ciaemehu omHoc KoHLeHTpauuja HyTpujeHata: N > Ca > K > P > Na.
['eHotuncka BapujabuaHocT koHueHTpauuja P, K, Ca u Na 6una je Beha Hero azora.
VTBpheHe KBaHTUTAaTUBHE pas3MdKe pe3yiaTaT Cy MHTepakuuje ompeheHor reHoTumna u
HUCTUX yciIoBa cpeauHe. JlooujeHu pesynratu npyxuhe nHgopmalmje o MHTpacIeluj-
CKOj BapHjaOMJIHOCTU MpPOyYaBaHMX OCOOMHA JIMCTA.
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DYNAMICS OF DRY MATTER SYNTHESIS
DURING CORN DEVELOPMENT

ABSTRACT: Effects of mineral nutrition and combinations of mineral and organic
nutrients on the dynamics of vegetative mass development in corn have been examined in a
long-term stationary trial. The dynamics was monitored per phenological stage and per plant
part.

The obtained results showed that the dynamics of dry matter accumulation changed in
dependence of development stage and nutrition variant. Smallest gains in dry matter in all
stages under study were obtained in the control variant. Highest gains were obtained in the
variants which combined mineral nutrition and manuring. The smallest gain of dry matter,
7.22% of the dry matter accumulated at full maturity, was registered at the seven-leaf stage.

KEY WORDS: corn, phenological stages, nutrition variants, dynamics of dry matter
synthesis

INTRODUCTION

To ensure optimal conditions for corn nutrition, it is necessary to know
the dynamics of dry matter accumulation and the dynamics of nutrition ele-
ments uptake during corn growth and development. High doses of NPK nutri-
ents have a positive effect on total dry matter yield and grain dry matter. Dry
matter accumulation in the corn hybrid NSSC 70 is very slow at the early sta-
ges of growth and development (Spasojevic, 1972). The rate of dry mat-
ter accumulation starts to increase at the stage of 7—9 leaves and it continues
to increase till the stage of full maturity.

In the period from emergence to silk stage (in dependence of climatic
conditions of the year and fertilization variant) 68% of final yield are formed
(Marinkovié, 1986).

New hybrids have an increased rate of dry matter accumulation from pol-
lination to physiological maturity, low translocation from the stalk and large
green leaf area (Tollenaar, 1991; Raj¢an and Tollenaar, 1999).
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Nitrogen fertilization increases dry matter weight and nitrogen concentra-
tion in grains and leaves (EI-Hout, 1987; Cousso, 1983).

Dynamics of dry matter formation and nitrogen content and removal in-
crease in proportion with increases in nitrogen fertilization, but more with low
N doses and less with high N doses (Starcevié et al., 1999).

Sarié¢ and Jocié¢ (1993) investigated the effect of NPK on main
crops yield and concluded that the contributions of nitrogen, phosphorus and
potassium to corn yield were 99%, 0% and 0.3%, respectively. Highest yields
were achieved with highest amounts of nitrogen fertilizer. However, yield dif-
ferences were not significant in relation to the yield achieved with the medium
dose of nitrogen.

MATERIAL AND METHOD

Experiments have been conducted within the framework of a long-term
stationary trial established in 1965 at Rimski Sancevi experiment field of Insti-
tute of Field and Vegetable Crops. The experiments included corn monoculture
and a two-crop rotation of corn and winter barley. This study deals with
two-year results from corn monoculture and two-crop rotation.

The trial had been established on a chernozem soil with good chemical,
physical and biological properties.

The following fertilization variants were examined:

Control

NPK mineral nutrition

Mineral nutrition + stover

Mineral nutrition + manure (25 tha! every two years)
Mineral nutrition + manure in two-crop rotation

N

The two-crop rotation was manured each year, the monoculture at two-
-year intervals.

Starting from 1986, three nitrogen levels were applied in the above vari-
ants except the control:

— 60 kg N ha'! in the fall

— 60 kg N ha! in the fall + 60 kg N ha! in the spring

— 60 kg N ha! in the fall + amount calculated by the N-min method in
the spring.

The variants were grown as split plots in four replications.

The corn hybrid NSSC 640 was used in the experiment. It was machine-
-sown into the final row spacing 70x25 cm (57,142 plants/ha).

Samples of plant material were taken during the following phenological
stages:

— Stage of 7 fully developed leaves
— Stage of silking
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— Stage of wax maturity
— Stage of full development

The samples consisted of 12 plants (3 plants per replication). For dry
matter determination, average samples were made, which were subsequently
dried at 105°C. The samples were analyzed for percentage of dry matter, yield
of dry matter and proportion of plant parts.

At the 7-leaf stage, we determined the percentages of dry matter in the
whole plant and in the following plant parts: stalk, leaf, tassel and ear (grain,
cob, husks, ear shank). Dry matter yield was expressed in kgha'.

RESULTS AND DISCUSSION

Accumulation of dry matter during particular stages of corn growth and
development can be a reliable indicator of final grain yield.

In this study, the accumulation of dry matter in the aboveground plant
parts was highly variable in individual stages of growth and development. Ac-
cumulation rate depended on stage of development and nutrition variant and it
increased with the increase in mineral and organic nutrients. The dynamics of
dry matter accumulation per nutrition variant and phonological stage is shown
in Figure 1.

At the 7-leaf stage, dry matter (the average for the whole plant) was
1,127 kgha-!, which was 7.22% of the total dry matter at full maturity. This
was an indication that the intensity of dry matter accumulation at the early sta-
ges was low.

Similar low increments at the initial stages of growth and development
were obtained by Spasojevié (1972), Bogdanovié¢ (1978), Ciro-
vié¢ (1985) and Marinkovié¢ (1986). Mineral nutrition significantly in-
fluenced the dynamics of dry matter formation. Significant differences between
fertilization variants were obtained already at the stage of 7 leaves. The lowest
dry matter was found in the control variant (566 kgha') (Figure 1a), but mine-
ral nutrition and the combination of mineral and organic nutrition increased
the amount of dry matter. The highest dry matter was found in the variant of
manuring the two-crop rotation + NPK (1,418 kgha!) (Figure le). Our results
were similar to those obtained by Jocié¢ (1978), but they were different
from those of Spasojevié¢ (1972). The latter claimed that, at the initial
stage of development, high NPK doses only slightly increased dry matter con-
tent, without statistically significant differences.

Intensive growth finishes with the silk stage (the stage of most intensive
dry matter accumulation). In relation to the previously analyzed stage, the silk
stage differed considerably in dry matter accumulation. Dry matter content was
increased in all variants 8.45 times in relation to the previous stage. In the
control variant, 72% of the final yield was formed. In the fertilized variants in
monoculture, this value ranged from 61.0 to 65.6%. In the variant of manured
two-crop rotation + NPK, 50.4% of dry matter was accumulated in the period
from emergence to silking. These results were similar to those of Marin-
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kovié¢ (1986), who obtained 65% of final yield in the control variant and
60% in the fertilization variants. Spasojevié (1972) obtained a smaller
percentage of dry matter, about 50%. Cupina and Jocié (1972) determi-
ned that in this period 31—32% of final yield was formed. Our results do not
agree with these results.

There were significant differences in dry matter content in individual
plant parts. At the silk stage, stalks and leaves had maximum dry matter con-
tents, and these results matched the results of other researchers (Spasoje-
vié, 1972; Jocié, 1974, Marinkovi¢, 1986).

A larger part of the total plant weight was accumulated in the vegetative
plant parts (stalks and leaves) and a smaller part in the generative organs (tas-
sel and ear). Smallest amounts of dry matter in all plant parts were found in
the control variant. Highest dry matter contents in stalks and leaves were obta-
ined in the variant with manure and stover (Figures 1c and la). Regarding the
fertilized variants, ear dry matter was highest in the variant stover + NPK
(1,343 kgha!'), and smallest in the two-crop rotation (1,250 kgha'). The tassel
had small dry matter, which was fairly uniform in the analyzed variants.

In the period from silking to full maturity, stalk and leaf mass kept decre-
asing. The reason for this was translocation of nutrients into the grain. The
two-year average decrease in stalk weight was 31.5% in the control variant. In
the fertilized monoculture, the decreases in stalk weight were 34% in the NPK
variant, 27% in stover + NPK variant and 40.5% in manure + NPK variant.
The decrease in the two-crop rotation was 24%.

From the silk stage to full maturity, leaf weight decreased by 42% in the
control variant and 64% in the fertilized monoculture. In the two-crop rotation,
leaf mass decreased by 52%. In relation to the results of Spasojevid
(1972) and Marinkovié¢ (1986), we obtained more significant decreases
in the stalk and leaf weight.

In the ear, dry matter reduction was recorded from wax maturity to full
maturity. Largest reductions were observed in the husks — 42% in the control
variant, 19.7% in NPK variant, 5% in manure + NPK variant and 10% in the
two-crop rotation. Our results are higher than those obtained by Marinko -
vié (1986).

Dry matter accumulation continued during the stage of wax maturity, but
with smaller intensity. At the stage of wax maturity, stalk and leaf dry matter
continued to decrease — the accumulated dry matter was translocated into ge-
nerative plant parts, mostly in grains. Grain dry matter was smallest in the
control variant (4,638 kgha') (Figure 1a) and highest in the variant of manu-
ring + NPK in the two-crop rotation (7,954 kgha™') (Figure 1e). Highest values
of stalk weight were registered in the two-crop rotation and the variant of ma-
nuring + NPK in the monoculture. Leaf dry matter was highest in the two-crop
rotation (2,978 kgha'). The differences between the control and the other ferti-
lization variants were not significant. Dry matter in the cob was highest in the
variant of manuring + NPK (1,684 kgha!) (Figure 1d) and lowest in the vari-
ant stover + NPK (1,156 kgha™') (Figure 1c).
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Highest dry matter values in the husks and ear shank were found in the
two-crop rotation and the control variant; the values in the other variants did
not differ significantly.

Maximum dry matter yields at the stage of wax maturity were achieved
in the control variant and the variant of manuring + NPK. In the other fertili-
zation variants, maximum yields were achieved at the stage of full maturity.

The average yield of aboveground dry matter at full maturity was 15,173
kgha! for all fertilization variants. At full maturity, dry matter of the whole
plant was decreased in relation to the yield of dry matter at wax maturity by
21.2% in the control variant for and by 4.2% in the variant of manuring +
NPK. Dry matter was increased in all the other fertilization variants.

At the stage of full maturity, the amount of total accumulated dry matter
was decreased, evidently due to leaf atrophy and shedding.

CONCLUSIONS

Based on the results obtained in the two-year experiments, the following
conclusions were drawn.

— Dynamics of dry matter accumulation depended on stage of plant de-
velopment and mineral fertilization variant.

The smallest increment in dry matter in relation to dry matter in full
maturity, 7.22%, was obtained at the seven-leaf stage.

— The smallest increment in dry matter for all development stages was
in the control variant. Highest increments were obtained in the variant of ma-
nured two-crop rotation + NPK and the variant of manuring + NPK in the mo-
noculture.

Highest amounts of dry matter were formed in the period from emergen-
ce to silking. In the control variant, 72% of the total yield were formed during
that period. In the fertilized variants in the monoculture and the variant of ma-
nured two-crop rotation + NPK, the respective percentages were 61.0%—
65.6% and 50.4%.

During the silk stage, dry matter yields in stalks and leaves were increa-
sing, while in the period from silking to full maturity the mass of stalks and
leaves decreased.

— At the stage of wax maturity, highest dry matter yields were formed
in the control variant and the variant of manuring + NPK. In the other vari-
ants, highest dry matter yields were achieved at the stage of full maturity.

— Grain dry matter yield kept increasing from the stage of wax maturity
to full maturity, except in the control variant where it decreased by 4.9%.
Grain dry mass was increased in the NPK variant by 40.4%, in stover + NPK
variant by 30% and in manuring + NPK variant by 24.7%. The highest grain
dry weight increase was registered in the two-crop rotation — 41.6%.
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JINHAMUWKA CUMHTE3E CYBE MATEPUJE TOKOM PA3BUHA KYKYPY3A

Hparana C. JlatkoBuh, Jbyomnnko b. CrapueBuh, bpanko J. MapunkoBuh
IomonpuBpenuu dakynrer, HoBu Can, Tpr Hocuteja O6pamoBuha 8,
21000 Hosu Can, Cpbuja

Pe3nme

Ha BuiieronuimeM cTallMOHAPHOM MOJBCKOM OIJIely U3BPILIEHA CY UCITUTUBaHha
yTHllaja MUHEPaJTHUX U KOMOMHALIMje MUHEpPaJTHUX M OPTaHCKUX XpaHMBa Ha JUHAMMU-
Ky oOpa3oBarba BereTaTMBHE Mace Kol KyKypysa. JuHamuka je mpaheHa mo deHoso-
mWKUM (azaMa U 10 OMJbHUM JeJIOBHMA.

JlobujeHu pe3yaTaTd yKasyjy la ce IMHAaMUKa HaKyIbakthba CyBe MaTepuje Merbasa
y 3aBUCHOCTU on ¢ha3e pa3Buha u BapujaHTe ucxpaHe. HajMamu mpupact cyBe mate-
puje y cBuM (dazama ucnutuBama OMO je Ha KOHTPOJIHOj BapujaHTH, a Hajsehu Ha Ba-
pMjaHTaMma IIe ce Y3 MUHepaJlHa XpaHUBa MMPUMEHUBA0 U CTajibak. Y da3u cemam Jm-
cToBa yTBpheH je HajMarbW MPUPACT CyBe MaTepHje U OH je u3Hocuo 7.22% y omHOoCy
Ha Macy CyBe MaTepuje y IIyHOj 3PEIOCTU.
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