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UNIFORM CONSTRUCTIONS OF THE RATIONAL
4th ORDER PARABOLAS

ABSTRACT: If some 4th order curves, which belong to the same class of the 4th or-
der parabolas, have their joint property „hidden" in infinity they may have seemingly not-
hing in common. Namely, such curves have consecutive double points in infinity (the
infinitely distant line is a tangent to the curve at those points) and their existence is proved
by the birational quadratic transformation of a particular disposition of the elements of the
transformation.

Thus, a circle can be transformed into the known parabolic lemniscate (also known as
the lemniscate of Geronault) which has two isolated consecutive double points. By the same
transformation the rectangular hyperbola (being the complement of the circle) is transformed
into the complementary curve of the parabolic lemniscate. This curve has two real consecu-
tive double points — crunodes which are coincident with acnodes of the parabolic lemnisca-
te, all of them being in infinity. Those two complementary curves also have the third
mutually coincident double point which is a crunode for the lemniscate and an acnode for
its complement. Because of the three double points, such 4th order parabolas are rational,
that is, they are of the genus zero.

In this paper, besides the parabolic lemniscate and its complement, some other 4th or-
der parabolas obtained by the birational quadratic transformation, as well as their properties
have been analyzed. Such curves are: 1) periform, 2) curve with an isolated point, 3) selfto-
uching 4th order parabolas affine to the periform, 4) obliquely symmetric 4th order parabo-
las, 5) oblique selftouching 4th order parabolas and 6) orthogonally symmetric selftouching
4th order parabolas. Their projective complements form a group of curves: the infinitely dis-
tant line touches each of them at the selftouching point.

KEY WORDS: birational quadratic transformation, constructive geometry, fourth or-
der parabolas

INTRODUCTION

It has been shown [D o v n i k o v i ã , 1987], [D o v n i k o v i ã , 1990]
that a birational quadratic transformation (Fig. 1) transforms a conic (point Mo)
into a curve of the 4th order (point M) with three real double points A, A, V.
Therefore the curve is of the genus zero, that is, it is a rational algebraic cur-
ve. It means that any rational curve of the 4th order can be transformed into a

5



conic by an inverse transformation whenever its double points are coincident
with the fundamental points P, P, V of the transformation. Now, the conic is
only a part of a degenerate total curve of the 8th order. Thus, in order to trans-
form a curve of the 4th order into a conic, it is necessary to know its three do-
uble points. Unfortunately these double points are seldom mentioned, particu-
larly when they are isolated and in infinity (further on: ideal points). The
knowledge of these points is certainly of the crucial importance not only for
curve classification but for the geometrical construction, that is, in the synthe-
sis of mechanisms for the mechanical derivation of motion along the curve.
Therefore, if isolated double points are not known it is necessary to find a co-
nic „intuitively" which is, according to the particular disposition of fundamen-
tal elements of the mapping, transformed into that very curve. Only then can it
be stated that the curve has three double points A, A, V. For example, it has
been shown [D o v n i k o v i ã , 1989] that cubics of the Versier family have
an ideal isolated double point, i.e., they belong to the rational cubic hyperbolic
parabolas.

In this paper, it has been shown, in the same way, that the known curves
such as parabolic lemniscate, periform, curves de Sluse, virtual parabolas of
Cramer etc., have consecutive isolated double points, that is, they belong to
the same group of the 4th order parabolas. Their projective complements form
a group of curves which the infinitely distant line (further on: ideal line) touc-
hes each of them at the selftouching point. Since curves with two ideal isola-
ted coincident double points at infinity have, in fact, the selftouching of imagi-
nary branches of the curve, both groups of curves could be named as a class
of selftouching 4th order parabolas.

6

Fig. 1 — A birational quadratic transformation



In order to be a rational curve (i.e., of the genus zero) a selftouching 4th

order parabola, because of two ideal coincident double points, must have its
third double point in finiteness.

RESULTS OF INVESTIGATION

1. Parabolic lemniscate and its complement

The „eight", obtained by the projecting of the known Viviani space curve
(Fig. 2) is, in fact, a curve known as the parabolic lemniscate. From its deriva-

tion, it is obvious that the curve has one crunode. However, the possibility of
its derivation by the birational quadratic transformation (Fig. 3) proves that
this curve has two more double points. Namely, the parabolic lemniscate is
obtained by transforming the curve when A is in the centre of the circle, axis c
is the tangent to the circle and P is the ideal point of the normal to the line c,
V is the ideal point of the line c, which means that, apart from the double po-
ints A and V�, there is one more double point A, the point of intersection be-
tween the line p = PV and the first axis of mapping c (compare with Fig. 1).
Since p is an ideal line, the point A is ideal point of the line c, i.e., it is coin-
cident with the point V. Therefore, the parabolic lemniscate, apart from cruno-
de A has two ideal coincident acnodes A = V. According to the principle of
the projective complementariness [D o v n i k o v i ã , 1977], the complement

7

Fig. 2. — The Viviani space curve



of the parabolic lemniscate is obtained by mapping the rectangular hyperbola
(the complement of the circle for the pole V�), and it has the same double po-
ints A, A, V. However, for this curve (in Fig. 3 dotted curve) the point A is ac-
node, while the ideal coincident double point A = V is now the touching point
of two ideal branches of the curve; the ideal line p = PAV touches branches of
the curve really, and it also touches imaginary branches of the parabolic lem-
niscate. At this coincident double point only the ideal line meets complemen-
tary curves at four points; all other lines meet them here at two consecutive
points and two more, either real or conjugate — imaginary in finiteness.

Since P is in infinity, the third axis of mapping c', because of the
(APCC') = —1, is symmetric to the axis c [D o v n i k o v i ã , 1987]. Both
these axes of the mapping are tangents to the circle-original, so that it oscula-
tes the lemniscate at its vertices [D o v n i k o v i ã , 1989]. Since the mentio-
ned axes are the tangents to the rectangular hyperbola, the complementary 4th

order parabola has the same curvature at the vertices as the lemniscate. Points
and tangents of both curves are constructed according to the general principle

8

Fig. 3. — The parabolic lemniscate and its complement



shown in Fig. 1 [D o v n i k o v i ã , 1987], [D o v n i k o v i ã , 1989]. (In Fig.
3, inflexional points and tangents to the complement of the lemniscate are
constructed, but acceptable synthetic-geometric proof for the algorithm, saying
that the inflexional point Nk' lies on the ray AN' through the point N' as the
touching point of the tangent to the lemniscate constructed from P, has not
been performed yet.)

If the axis c is moved parallelly to y into the position where either a > r
or a < r is valid, the curves of Sluse x4 — r2x2 + a2y2 = 0 [5] will be obtained,
which are affine to the parabolic lemniscate, so that the complements of the
curves of Sluse x4 — r2x2 — a2y2 = 0 are affine to the complement of the lem-
niscate. In other words, the parabolic lemniscate and its complement are the
special case of the curve of Sluse and its complement, when a = r.

2. Periform and its complement

If the point A (Fig. 3) is moved away from the centre of the circle along
the x axis, the obtained „eight" will have unequal loops. By moving A towards
C' the left loop will diminish and the tangents at the crunode A will tend to x
axis. When A comes to C' the pair of tangents at A will become coincident,
that is, the double tangent at the cusp of the so called periform [A r t o b o -

9

Fig. 4. — The periform and its complement



l e v s k i j , 1959], i.e., the pair of conjugate imaginary tangents at isolated do-
uble point A will coincide at the real tangent at the contra-cusp of the peri-
form's complement (Fig. 4). It is evident that the periform, same as the para-
bolic lemniscate, has, apart from the cusp at A, two more double points which
are coincident in infinity. The periform is also called antiversier of circle, be-
cause the antiversier of circle — known as the Agnesi versier — is obtained
when the points A and P interchange their position (since P is on the circle,
the antiversier is a 3rd order curve).

According to the principle of the projective complementariness the equa-
tion of the complement of periform x4 — 2rx3 — 4r2y2 = 0 is obtained from
the equation of the periform [A r t o b o l e v s k i j , 1959] x — 2rx3 +4r2y2 = 0
by changing the sign in front of the member which contains the ray of project-
ing (y).

3. Curve with an isolated point and its complement

When the point A on the x-axis is not on the circle, the 3rd order family
of complementary curves is obtained, that is, a curve with an acnode and its

10

Fig. 5. — The curve with an isolated point and its complement



complement with crunode A (Fig. 5). By moving away the point A to infinity,
a degeneration appears (since P is in infinity) and the curve with an isolated
point becomes a circle while the curve with the crunode becomes a rectangular
hyperbola (which can be an indication that, in a certain real space, the point A
is selfsecting point of the hyperbola and the isolated point of the circle; the
tangents at the crunode A are asymptotes to the hyperbola and a real image of
the isotropic asymptotes to the circle!). The curvature module of the comple-
mentary curves at the vertex C is equal to the curvature of the initial circle,
while, at another vertex, it is determined as a curvature of an ellipse which gi-
ves the same curvature where axis of mapping is the vertex tangent cE [D o v -
n i k o v i ã , 1989].

4. Selftouching 4th order parabolas affine to periform

If the axis c is moved so that it becomes a passant to the circle (Fig. 6)
or a secant to the circle (Fig. 7) we will get curves affine to the periform for
the axis of affinity c = x. In the same way their complements are affine to the
complement of the periform. The curve in Figure 7 could be named antipseu-
doversier, since an interchange of points A and P gives a curve of the 3rd or-
der, called pseudoversier. In Figure 7, an osculatory ellipse at the vertex T of
the curve is determined, which means that the anti-pseudoversier can be obtai-
ned by mapping that very ellipse, but, with respect to the axis cE which touc-
hes the ellipse. This ellipse is affine to the original circle wifh respect to the
same affinity between the anti-pseudoversier (antiversier of ellipse) and the pe-
riform (antiversier of circle). It means that the position of the axis c can be de-
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Fig. 6. — The selftouching 4th order parabola (axis c passant to the circle)



termined after choosing the curvature (that is the osculatory ellipse) of the cur-
ve at the vertex T, which is in fact the determination of the point M at which
the curve meets the original circle.

The same affine relations are valid for the curve in Figure 6. It is affine
„squeezed" periform which is obtained by the mapping of either the osculatory
ellipse with respect to the tangent axis cE or of the circle for the moved axis c.

The fact that all antiversiers of ellipse can be obtained by the mapping of
the circle with respect to a certain axis c is of significant importance for the
synthesis of mechanisms which derive those curves. Namely, in the total mec-
hanism, ellipsographs can be replaced with the simple rotation. In case of
complementary curves, it is similar, i.e., the mechanism has only a hyper-
bolograph for the rectangular hyperbola, and the varieties for the other (affi-
ne-related) hyperbolas can be obtained by parallel moving of the axis c.

5. Obliquely symmetric selftouching 4th order parabolas

If we move away the point A, i.e., the second axis of mapping c (since P
is in infinity), from the horizontal diameter of the circle, an obliquely symmet-

12

Fig. 7. — The selftouching 4th order parabola (axis c secant to the circle)



ric „eight" of the parabolic type will be obtained (Fig. 8), as well as the corre-
sponding complementary obliquely symmetric 4th order parabola (with corre-
sponding isolated double point A) which is not drawn. The common axis of
oblique symmetry of the complementary curves passes through their touching
points K and L (points on the contour line of the projecting cylinder of the ori-
ginal circle, i.e., rectangular hyperbola). The curvature at the point K = Ko is
equal to the curvature of the original circle, while the curvature at the point L
is determined as the curvature of the osculatory ellipse of the curve at that po-
int. This osculatory ellipse is determined as an ellipse which is mapped into
the same 4th order parabola (the point M is obtained by the mapping of either
the point Mo of the circle with respect to the axis c or of the point ME of the
ellipse with respect to the axis cE, so that the tangent tM is the connecting line
of the points where the tangent to the circle at Mo i.e, the tangent to the ellipse
at ME respectively meet axes c, and cE). The osculatory ellipse at the point L
of the curve is affine to the osculatory circle at the point K (the axis of affinity
is c).

When the point A is in the middle (on the axis of the projecting circular
and hyperbolic cylinders) a centrally symmetric 4th order parabola with a pair
of conjugate axes of oblique symmetry (Fig. 9) is obtained. Because of the
symmetry, the curve has the same curvature at the points K and L since the
osculatory „ellipse" at the point L is now the circle affine to the original circle
(c is the axis of that affinity), and because of the central symmetry of the cur-
ve, the tangents at the crunode A are inflexional.

13

Fig. 8. — The obliquely symmetric „eight" of the parabolic type



6. Oblique selftouching 4th order parabolas

Asymmetric selftouching 4th order parabolas are obtained when the axis c
is not perpendicular to the axis c and when the point A is not in the middle. In
Fig. 10 a pair of the complementary oblique 4th order parabolas with a cusp at
A are shown. In the case of oblique selftouching 4th parabolas, the crunode A
can be chosen so that one tangent at the crunode A is inflexional (A is chosen
on the ray of mapping AoV while the tangent of the circle at the point Ao is pa-
rallel to c).

When the point A is in the middle, an obliquely symmetric curve is obtai-
ned again, but this time the axis of oblique symmetry is p = AVP (Fig. 11).
The same curve is obtained by mapping the osculatory ellipse at the point L
with respect to the axis cE (the ellipse is affine to the circle with respect to the
axis c). The curvatures at the obliquely symmetric contour points K and L of
the curve are the same, i.e., the radius of curvature at the point LE

= L of the
osculatory ellipse is equal to the radius of curvature of the osculatory circle at
the point Ko = K.

14

Fig. 9. — The centrally symmetric 4th order parabola
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Fig. 10. — A pair of the complementary oblique 4th order parabolas

Fig. 11 — The obliquely symmetric curve



7. Orthogonally symmetric selftouching 4th order parabolas

The fact that all, either oblique or orthogonal, symmetric curves with re-
spect to the axis p have the same curvature at the points K and L becomes ob-
vious when the axis c is put through the point L (Fig. 12), since the same or-

thogonally symmetric curve with the same osculatory circle at both points (K
and L) is obtained. The angle � between the tangents at the crunode A of the
orthogonally symmetric curves remains right even when the point moves along
the axis of symmetry, i.e., even when the axis c changes the slope to the axis
of symmetry (rotating about the point L).

By the affine either „squeezing" or „loosening" of the original circle, i.e.,
by the mapping of the ellipse of which LK is either the great or the small axis,
curves with an angle � either greater or smaller than the right angle are obtai-
ned. As in the case of the derivation of periform and its affine curves, each
mapping of the ellipse can be replaced with the mapping of the circle by par-
allel moving of the axis c (which is equally important both for constructive
geometry and mechanism synthesis). It also enables us, for chosen A and � in
advance, to determine the position of the axis c so that the circle of the diame-
ter LK can be mapped into the 4th order parabola.

The orthogonally symmetric parabolas constructed in this way comprise
in their class seemingly different particular curves already known for two or
three centuries, such as virtual parabolas of Vincentio i.e., of Cramer, curves

16

Fig. 12. — The orthogonally symmetric selftouching 4th order parabola



de Sluse, parabolic lemniscate, so that particular mechanisms for their deriva-
tion [3] can be replaced by a simpler uniform mechanism.

CONCLUSION

The main results of the previous analysis could be drawn into three im-
portant facts. Namely, with the same disposition of the characteristic elements
of the mapping (where A� = V� = P�, p� = V�A�P�, c/ /p = AV�P�), which de-
fines the class of rational selftouching 4th parabolas, the shape of these curves
depends, first, on the fact whether they are obtained by the mapping of the cir-
cle or by the mapping of its complementary rectangular hyperbola; second, on
the position of the double point A, and, third, on the position of the second
axis of mapping c = AP�.

1. By the mapping of a circle (ellipse), 4th order parabolas are obtained
whose conjugate imaginary branches touch each other at the consecutive dou-
ble point lying on the infinitely distant line. By the mapping of a hyperbola,
4th order parabolas are obtained whose real branches touch each other at con-
secutive double point on the ideal line.

2. The position of the point A defines whether the curve will have a cru-
node at that point, cusp of the 1st kind or isolated double point. Since this tran-
sformation is in fact the intersection of the hyperbolic paraboloid (because of
A�) and the circular or hyperbolic cylinder, where the point A is the image of
the projecting generatrix of the hypar, the double point A will be crunode,
cusp, or isolated point, which depends on the position of the projecting
generatrix with respect to the cylinder, i.e., whether it, respectively, pierces,
touches or passes by the cylinder. When the point A is on the common contour
of the complementary cylinders the complementary curves, faced by their
cusps, are obtained (Fig. 4, Fig. 10). When the projecting generatrix pierces
one cylinder at real points then it passes by the other, so that the point A is the
crunode of the first curve and the isolated double point of the other (Fig. 3,
Fig. 5).

3. Whether the curve will be centrally, orthogonally, obliquely symmetric
or asymmetric, it depends both on the position of the second axis of the map-
ping c = AP and on the position of the point A on it.

Removing the finite double point, selftouching parabolas would be of the
genus one, but, because of the birationality of the transformation they cannot
be obtained in this way. They can be derived as an intersection of the 2nd or-
der cylinders which is to be presented in further investigations.
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UNIFORMNE KONSTRUKCIJE RACIONALNIH PARABOLA 4. REDA

Lazar M. Dovnikoviã, Radovan B. Štuliã
Fakultet tehniåkih nauka Univerziteta Novi Sad,

Cara Lazara 1, 21000 Novi Sad, Jugoslavija

Rezime

Ako je zajedniåko svojstvo nekih krivih 4. reda koje pripadaju istoj klasi
parabola 4. reda skriveno u beskonaånosti, moÿe se na prvi pogled uoåiti da
one nemaju ništa zajedniåko. Naime, takve krive imaju svoje dve konsekutivne
dvostruke taåke u beskonaånosti (beskonaåno daleka prava je tangenta krive u te
åetiri taåke) i wihovo postojawe se dokazuje biracionalnom kvadratnom tran-
sformacijom sa taåno odreðenim rasporedom elemenata transformacije.

Tako na primer, krug moÿe, kvadratnom transformacijom, biti preslikan
u poznatu paraboliåku lemniskatu koja ima dve izolovane konsekutivne dvo-
struke taåke u beskonaånosti. Istom transformacijom se pravougla hiperbola
(kao komplement kruga) preslikava u krivu komplementarnu paraboliåkoj lem-
niskati. I ova kriva ima dakle dve realne konsekutivne dvostruke taåke — koje
su kao samododirne taåke poklopqene sa izolovanim taåkama paraboliåke lem-
niskate u beskonaånosti. Ove dve komplementarne krive takoðe imaju i treãu
poklopqenu dvostruku taåku koja je za lemniskatu åvor a za komplement izolova-
na dvostruka taåka. Upravo zbog tri dvostruke taåke krive 4. reda su racional-
ne, t.j. roda su nultoga.

U ovom radu su, osim paraboliåke lemniskate i wenog komplementa, ana-
lizirane još neke parabole 4. reda koje se mogu dobiti primenom biracionalne
kvadratne transformacije. To su periforma, kriva sa izolovanom taåkom, sa-
mododirne parabole 4. reda afine periformi, koso simetriåne parabole 4. re-
da, kose samododirne parabole 4. reda i ortogonalno simetriåne samododirne
parabole 4. reda. Wihovi komplementi åine grupu krivih koje beskonaåno dale-
ka prava dodiruje u samododirnoj taåki.
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HMW GLUTENIN COMPOSITION
IN WHEAT CULTIVARS

ABSTRACT: The method of sodium dodecyl sulphate polyacrylamide gel electropho-
resis (SDS-PAGE) was used to determine high molecular weight (HMW) glutenin subunits
in wheat cultivars developed at the Institute of Field and Vegetable Crops in Novi Sad. Ele-
ven alleles at Glu-1 loci were determined: three alleles at Glu-A1, five at Glu-Bl, and two at
Glu-Dl locus. Typical HMW glutenin compositions in wheat cultivars were 2*, 7+9, 5+10
and 1, 7+9, 2+12. Cultivars Gracija, Mina and Selekta were heterogeneous showing two to
four different electrophoregrams on the gel.

KEY WORDS: electrophoresis, HMW glutenin, wheat

INTRODUCTION

Glutenins are storage proteins located in the protein bodies of wheat en-
dosperm. The synthesis of glutenins is carried out on the endoplasmatic reticu-
lum during the formation of endosperm. Glutenin subunits can be divided into
two groups: subunits of low molecular weight, to 70 000 daltons, and subunits
of high molecular weight, from 70 000 to 136 000 daltons. In the allohexa-
ploid bread wheat, Triticum aestivum, high molecular weight glutenins (HMW),
are encoded by genes at three complex loci: Glu-A1, Glu-B1 and Glu-D1 lo-
cated on the long arms of chromosomes 1A, 1B and 1D. It was shown that up
to 60—65% of variability in bread making quality (BMQ) can be accounted
for by differences in HMW glutenin composition (P a y n e , 1987; P a y n e
et al., 1988; R o g e r s et al., 1989). The high molecular weight glutenin sub-
units, a main group of storage proteins of wheat, have been studied exten-
sively in relation to BMQ in Yugoslav wheat cultivars (V a p a et al., 1995,
D e n å i ã and V a p a , 1996).

The aim of this paper was to analyze genetic variability of high molecu-
lar weight glutenin subunits by the method of SDS PAG electrophoresis in so-
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me new wheat cultivars selected at the Institute of Field and Vegetable Crops
in Novi Sad.

MATERIAL AND METHOD

Plant material: Single grains of winter wheat cultivars selected at the In-
stitute of Field and Vegetable Crops in Novi Sad were used in this study.
Twenty grains per cultivar were analyzed.

Electrophoresis: HMW glutenins were separated by sodium dodecyl sul-
fate polyacrylamide gel electrophoresis (SDS-PAGE) on 10% gel, in Tris-
-glycine buffer (pH 8.3) as described by V a p a and S a v i ã (1988).

Glutenin loci, alleles and subunits were designated according to P a y n e
and L a w r e n c e (1983).

RESULTS AND DISCUSSION

The storage proteins of 21 wheat cultivars were separated by SDS-PAG
electrophoresis to determine their HMW glutenin subunits. At the Glu-A1 lo-
cus subunits 1 and 2*, as well as null allele N, which did not form a visible
band on the gel, were determined. Subunits 7+9, 7+8, 6+8, 7 and 14+15 were
found at Glu-B1 locus, subunits 2+12 and 5+10 at Glu-D1 locus (Table 1).

Tab. 1. — Glutenin subunits composition and their frequency in wheat cultivars

Cultivar
Glutenin subunits

%
Glu-A1 Glu-B1 Glu-D1

Sreãa, Gracija 1 7+9 5+10 9.1

Ivanka 1 7+8 5+10 4.5

Dobra 1 7 5+10 4.5

Delta, Selekta,
Sara, Sonja, Stamena 2* 7+9 5+10 22.7

Bajka 2* 7+8 5+10 4.5

Sirena 2* 14+15 5+10 4.5

Anastasija,
Prva, Zlatka,
Super rana, Galija

1 7+9 2+12 22.7

Sofija N 7+9 5+10 4.5

Senica N 6+8 5+10 4.5

Kremna,
Milena N 7+9 2+12 9.1

Mina N 7 5+10 4.5

At Glu-A1 locus, the highest frequency (43%) was obtained with subunit
1, at Glu-B1 locus with subunits 7+9 (71%), and at Glu-D1 locus with subu-
nits 5+10 (67%) (Figure 1). The most frequent HMW glutenin compositions
were 2*, 7+9, 5+10 and 1, 7+9, 2+12 (Table 1).
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Subunit 2* and N allele (coded by the Glu-A1 locus), subunits 7+9 (by
the Glu-B1 locus), and subunits 5+10 (by the Glu-D1 locus) were most fre-
quent in the Novi Sad wheat cultivars selected during the period 1987—92
( V a p a et al., 1995; V a p a et al., 1997). The obtained allelic variability of
HMW glutenins is mostly due to the use of particular parents in the breeding
process, or to the adaptive value of individual alleles to the environmental
conditions under which the cultivars had been selected.

Presence of the most frequent glutenin subunits composition 2* 7+9 5+10
correlate with some components of BMQ, specially subunits 5+10 (coded by
the Glu-D1 locus) (P o g n a et al., 1987; V a p a et al., 1995).

The cultivars Gracija, Mina and Selekta were heterogeneous showing two
to four different electromorphs in addition to the predominant pattern (Table
2). Occurrence of heterogeneity has been detected in hexaploid wheat cultivars
grown in Italy at the frequency of 10.8%, in Canada 12.7%, in Yugoslavia
15% (V a p a , 1991), and in USSR 22% (M o r g u n o v et al., 1990). This
heterogeneity makes it possible to improve BMQ by choosing biotypes with
superior HMW composition as parents in breeding programs.

Tab. 2. — Heterogeneous wheat cultivars

Cultivar Glu-A1 Glu-B1 Glu-D1 (%)

Gracija

1
1

1, 2*
2*

7+9
7+9

7+8/7+9
7+8/7+9

5+10
2+12
5+10
5+10

85.7
4.8
4.8
4.8

Mina N
N

7
6+8

5+10
5+10

65.0
35.0

Selekta

2*
2*
1
1

7+9
7

7+8
7

5+10
5+10
2+12
2+12

77.8
5.5

11.1
5.5
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CONCLUSION

The method of SDS-PAG electrophoresis was used for the analysis of the
genetic variability of HMW glutenin subunits in wheat cultivars. Eleven alleles
at Glu-1 loci were determined, three at Glu-A1, five at Glu-B1, and two at
Glu-D1. Typical HMW glutenin compositions in wheat cultivars were 2*, 7+9,
5+10 and 1, 7+9, 2+12 indicating good BMQ of the cultivars. The cultivars
Gracija, Mina and Selekta were heterogeneous showing two to four different
electrophoregrams.
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KOMPOZICIJA GLUTENINA VELIKE MOLEKULSKE MASE
SORTI PŠENICE

Qiqana B. Vapa, Dragana R. Obreht
Institut za biologiju, Prirodno-matematiåki fakultet,

Trg Dositeja Obradoviãa 2, 21000 Novi Sad

Rezime

Ciq ovog rada je bio da se analizira varijabilnost subjedinica glutenina
velike molekulske mase, metodom SDS PAGE elektroforeze, kod novopriznatih
sorti pšenice selekcioniranih u Nauånom institutu za ratarstvo i povrtar-
stvo u Novom Sadu.

Rezultati istraÿivawa su pokazali da u lokusu Glu-A1 postoje subjedinice
1 i 2*, kao i nulti alel N, koji ne daje vidqivu traku na gelu. Subjedinica 1 je
imala najveãu uåestalost, 43%. U lokusu Glu-B1 odreðene su subjedinice 7+9,
7+8, 7, 6+8 i 14+15. Najuåestalije (71%) su bile subjedinice 7+9. U lokusu
Glu-D1 naðene su subjedinice 2+12 i 5+10. Uåestalost subjedinica 5+10 bila je
veãa i iznosila 67%. Najuåestalije kombinacije glutenina velike molekulske
mase bile su 2*, 7+9, 5+10 i 1, 7+9, 2+12. Sorte Selekta, Gracija i Mina bile
su heterogene sa dva do åetiri elektromorfa na gelu.
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CADMIUM TRANSLOCATION AND RETRANSLOCATION
BY PEA (Pisum sativum L)

ABSTRACT: Under semi-controlled conditions, we studied cadmium (Cd) transloca-
tion and retranslocation in the aphylla pea cultivar Jezero at two stages of growth and deve-
lopment. The applied Cd concentrations were 0 (control), 10—7 and 10—5 M Cd and the age
of plants at the time of treatment was 26 and 63 days. The application of Cd via the root la-
sted for 48 h. The plants were analyzed immediately after the treatment, 38 days later and
at maturity. Dry matter mass and Cd contents were determined in individual plant organs.
The results showed that dry mass had decreased noticeably depending on the Cd concentra-
tion used and plant age. The decrease of dry matter mass in both vegetative and generative
plant organs was more significant when Cd was applied at flowering (63 day-old plants)
than when the plants were younger (25 day-old). In all the treatments, the highest Cd con-
tent was found in the root. The translocation of Cd from the root to the aboveground vege-
tative and generative plant parts took place and it was relatively more intensive at the lower
Cd concentration than at the higher one. The possibility that a minor amount of Cd was re-
translocated from the leaves to the seeds and pods could not be ruled out either.

KEY WORDS: pea, plant age, cadmium, plant organ mass, translocation, retransloca-
tion.

INTRODUCTION

The rates of uptake, accumulation, and translocation of heavy metals
(HMs) in plants vary according to the physical-chemical properties of their
ions as well as according to plant species and genotype involved. A number of
authors have established for many species that HMs accumulate more inten-
sively in the root than in the aboveground plant parts (F l o r i j n and V a n
B e u s i c h e m , 1993; G á r a t e et al., 1993). HM translocation, and hence,
HM distribution typically depend on the plant's capacity to build chelate com-
plexes with the components of xylem sap (K o c h i a n , 1991). In contrast to
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the other HMs, cadmium and nickel are rapidly transported to the abovegro-
und plant parts after uptake in many plant species (V e r k l e i j and S c h a t ,
1990; P e t r o v i ã and K a s t o r i , 1994). Cadmium differs from nickel in
that it retranslocates poorly. Because of this, Cd content in seeds and fruits of
some plant species is very low, even when these grow on soils highly contam-
inated by Cd (L e i t a et al., 1996).

Having in mind all of the above as well as the fact that Cd is transported
to the aboveground plant parts primarily by transpiration (B a r c e l ó and
P o s c h e n r i e d e r , 1990), i.e., that it depends on the morphological and
anatomical structure of the aboveground plant parts, we thought it would be of
interest to study Cd translocation and retranslocation in an aphylla pea geno-
type characterized by a small leaf area and, hence, a low transpiration activity.

MATERIALS AND METHODS

The trials with the aphylla pea cultivar Jezero were conducted in a green-
house under semi-controlled conditions. The seeds were germinated in vermic-
ulite in a thermostat at 25°C. After germination, the young plants were trans-
ferred to 2 l pots containing 1/2 strength Hoagland's nutrient solution (H o a -
g l a n d and A r n o n , 1950), in further text: complete nutrient solution. In
the greenhouse, day/night temperature was 25/15°C, photoperiod 16 h, and rel-
ative humidity 70—75%. The translocation and retranslocation of Cd and its
effect on plant organ mass were studied both in the early and late stages of
growth and development (Experiments A and B, respectively).

Experiment A

After 25 days on a complete nutrient solution, a portion of plants was tre-
ated with 0 (control), 10—7 or 10—5 M Cd for 48 hours. Cadmium was applied
as CdCl2 dissolved in distilled water. Following the Cd treatment, the roots of
intact plants were immersed in 20 mM Na2-EDTA for 15 minutes to remove
Cd adhering to root surfaces. Immediately afterwards, a portion of plants was
taken for analysis, i.e., harvested and separated into roots and the aboveground
parts (I), while the rest of them were returned onto the complete nutrient solu-
tion.

At full flowering, i.e., 38 days after the Cd treatment, another portion of
plants was taken for analysis. The plants were separated into roots, abovegro-
und parts (I), and newly-formed aboveground parts (II).

At maturity, the remaining plants were harvested and separated into roots,
aboveground parts (l), aboveground parts (II), pods and grains.

Experiment B

Pea plants were grown on the complete nutrient solution until full flower-
ing, i.e., for 63 days. A portion of these plants was then treated with either 0
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(control), 10—7 or 10—5 M Cd (prepared as described above) for 48 hours. As
in the experiment A, the roots of intact plants were immersed in 20 mM
Na2-EDTA for 15 minutes. After 48 hours, a portion of the plants was taken
for analysis having been separated into roots and aboveground parts. The re-
maining plants were transferred onto the complete nutrient solution and grown
till maturity, when they were harvested and separated into roots, aboveground
parts, pods, and grains.

The dry matter mass of individual organs was determined after oven dry-
ing at 60°C to constant mass. Cadmium content was measured by AAS using
a Varian AA-10.

The results were statistically processed by the analysis of variance. Diffe-
rences between the treatments were calculated using Duncan's multiple range
test.

RESULTS

Dry matter mass

The dry matter mass of roots and shoots of plants harvested at flowering
(analyzed 38 days after the treatment with Cd) decreased significantly relative
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Tab. 1. — Effect of Cd on dry matter mass of pea (g. plant—1). Plant age at the time of treatment
with Cd was 25 days (A) and 63 days (B).

Cd concentration
[M]

Plant organ

Root
Total above ground portion

of the plant Pods Grain
I* II**

EXPERIMENT (A)
Flowering

0 (Control) 0.530 1.413 3.358 — —
10—7 0.456 1.235 2.990 — —
10—5 0.408 1.080 2.655 — —
Duncan 5% 0.071 0.150 0.491 — —

Maturity
0 0.587 1.163 4.006 0.502 3.543
10—7 0.501 1.129 3.251 0.435 2.900
10—5 0.439 1.022 3.044 0.377 2.484
Duncan 5% 0.098 0.111 0.507 0.078 0.384

EXPERIMENT (B)
Maturity

0 0.586 1.168 4.057 0.545 3.460
10—7 0.450 1.050 3.444 0.400 2.442
10—5 0.390 0.839 3.047 0.300 1.675
Duncan 5% 0.070 0.246 0.547 0.083 0.424

* Above-ground portion of 25 days old plants
** Above-ground plant parts formed after the 25th day



to the control. The decrease depended on the Cd concentration applied as well
as on the plant organ studied. Both 10—7 and 10—5 M Cd significantly reduced
the dry matter mass of the plants. The largest drop was recorded in the above-
ground plant parts (I) developed during the Cd treatment and the lowest in the
newly formed aboveground parts (II) treated with 10—7 M Cd (Tab. 1).

At maturity, the dry matter mass of both vegetative and generative organs
dropped considerably (Table 1). Contamination of plants with Cd in the earlier
stages of growth and development had a particularly large effect on the dry
matter mass of the grain and root. At this stage too, 10—5 M Cd brought about
a larger decrease of total dry matter mass than 10—7 M.

At maturity, the dry matter mass of pea plants treated with Cd at flower-
ing (Experiment B) was significantly reduced relative to that of control plants.
The effect of 10—5 M Cd was particularly unfavorable, especially on the dry
matter mass of the grain and root (Tab. 1).

The two Cd concentrations had no significant effect on the ratio: [root
dry matter mass] / [shoot dry matter mass] in any phase of the study. The dry
matter mass of the root and aboveground parts had been reduced nearly to the
same amount (Tab. 1).

Table 1 shows that the phytotoxicity of Cd depends not only on its con-
centration in the nutrient substrate but also on the age of plant at the time of
contamination, in other words, on the rate of its uptake, translocation, and re-
translocation by plants, or plant metabolic activity.

Cd content, translocation, and retranslocation

Forty-eight hours after the Cd treatment, the amount of Cd that had accu-
mulated in the root was higher than that in the aboveground parts of the young
pea plants. The Cd content in the plants treated with 10—5 M Cd was two ti-
mes higher than the content in the plants treated with 10—7 M Cd. However,
the translocation of Cd from the root to the aboveground plant parts during
the treatment was somewhat greater in the lower Cd concentration treatment
(Tab. 2).

At flowering, 38 days after the treatment with Cd, the percentage contri-
bution of root Cd content to total Cd content of the plant was 48% for the
10—7 M Cd treatment and 62% for the 10—5 M one. This means that the tran-
slocation of Cd, i.e., its movement to the newly formed aboveground parts,
was significantly higher in the treatment with 10—7 M Cd (Tab. 2).

At maturity, the contribution of root Cd content to total Cd content in the
plant was 20.4% for the 10—7 M Cd treatment and as high as 51.2% for the
10—5 one. In the pea genotype under study, the retranslocation of Cd to the ge-
nerative organs — the pod and grain — was noticeable. It depended signifi-
cantly on Cd concentration in the nutrient substrate and was considerably more
obvious in plants treated with the lower Cd concentration (Tab. 2).

In the 63 day-old plants treated with 10—5 M Cd at flowering, the total
Cd content per plant after 48 h treatment was considerably higher than in eit-
her the plants treated with 10—7 M Cd or plants that were 25 days old at the
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time of Cd treatment. The transport of Cd to the aboveground plant parts dur-
ing the treatment was quantitatively higher at 10—5 M Cd and relatively higher
at 10—7 M Cd. The results have shown that the transport of Cd from the root
to the aboveground plant parts primarily depended on the Cd concentration in
the substrate (Tab. 2).

At maturity, Cd content per plant was either 30.1 or 126.3 �g Cd/plant,
depending in the first place on the Cd concentration applied. The translocation
and retranslocation of Cd were also visibly dependent on Cd concentration in
the nutrient medium. The transport of Cd from the root to the vegetative abo-
veground parts was more pronounced in the treatment with 10—7 M Cd. When
retranslocation of Cd to the generative organs is considered, more Cd moved
to the grain in Experiment B, while in Experiment A larger amounts of Cd
were found to have moved to the pod (Tab. 2).
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Tab. 2. — Translocation and retranslocation of Cd in pea at different stages of growth and deve-
lopment (�g Cd. organ—1). Plant age at the time of treatment with Cd was 25 days (A) and 63
days (B).

Cd concentration
[M]

Plant organ

Root
Total above ground portion

of the plant Pods Grain
I* II*

EXPERIMENT (A)

After treatment with Cd

10—7 17.33 6.35 — — —

10—5 34.26 10.80 — — —

Duncan 5% 5.55 1.21 — — —

Flowering

10—7 10.62 7.74 3.75 — —

10—5 24.71 10.72 4.30 — —

Duncan 5% 3.19 1.39 0.76 — —

Maturity

10—7 4.22 6.12 7.15 3.07 0.14

10—5 23.27 8.22 7.21 5.57 0.21

Duncan 5% 3.21 1.42 0.53 0.65 0.03

EXPERIMENT (B)

After treatment with Cd

10—7 23.56 3.53 2.35 — —

10—5 108.54 8.47 6.93 — —

Duncan 5% 7.50 0.67 0.48 — —

Maturity

10—7 15.44 3.70 7.37 0.99 2.66

10—5 85.02 7.71 19.50 2.13 11.93

Duncan 5% 7.72 1.07 1.66 0.38 1.83

* Above-ground portion of 25 days old plants
** Above-ground plant parts formed after the 25th day



The results of the study suggest that Cd accumulation in pea depends not
only on the concentration of the element in the substrate but also on the stage
of plant growth and development at the time of Cd application. In the aphyl-
la-type pea, Cd translocation and retranslocation are conspicuous. After com-
paring the Cd content in pea with those in other plant species, it can be con-
cluded that the aphylla-type pea belongs to the group of plant species in which
Cd uptake and accumulation are less pronounced.

DISCUSSION

Contamination of nutrient substrate brings plant roots into direct contact
with HMs, which could be one of the reasons why HMs have a greater inhibi-
tory effect on root growth than on the growth of the aboveground parts of the
plant (K a s t o r i et al., 1997). Recently, HMs have been thought to affect
plant growth and development mostly through phytohormones. Most HMs af-
fect plant metabolism and auxin transport (V a n g r o n s v e l d and C l i j -
s t e r s , 1994). Excess HM amounts inhibit both the division and elongation
of root cells and thereby visibly reduce their growth (W i e r z b i c k a , 1988;
J a l i l et al., 1994). Factors that inhibit root growth also inhibit biosynthesis
and translocation of cytokinins (M a r s c h n e r , 1995). Excess HMs affect
not only the growth of the primary root but also the formation of lateral roots
in general and the rate of formation of root hairs in particular, thereby affect-
ing root area as well (B r u n e and D i e t z , 1995). The extent of root mass
reduction depends on the nature of HM, its concentration and, especially, the
plant species under study (P e t t e r s o n , 1976; Y a n g et al., 1996).

After taking up HMs by the root, many plant species transport them to a
greater or lesser extent to the aboveground organs, where they disrupt plant
metabolism (L a n g et al., 1995). The inhibition of chlorophyll biosynthesis
by Cd is specific (P a r e k h et al., 1990). Excess Cd reduces chlorophyll con-
tent in the PSI and PSII as well as in their antennae complexes (L a n g et al.,
1995). Cd promotes the activity of chlorophyllase in leaves (J a n a and
C h o u d h u r i , 1984). This enzyme not only inhibits plant growth but also
speeds up the aging process in plants (L a g r i f f o u l et al., 1998).

In a number of species, HM accumulation is more intensive in the root
than in the aboveground parts of the plant (W o o l h o u s e , 1983). Studies
carried out in sugar beet, maize, pea, and lettuce have shown that there is 10
to 20 times more Cd in the roots of these plant species than in their abovegro-
und parts (P e t r o v i ã et al., 1990; F l o r i j n and V a n B e u s i c h e m ,
1993; G á r a t e et al., 1993). The high capacity of the root to accumulate
HMs may be a way whereby the plant protects its aboveground parts from ex-
cess HM levels in the environment. In most cultivated plant, Cd concentrations
above 10 mg/kg of dry matter are considered toxic (P a g e et al., 1981).

Cadmium differs from other HMs in that, after uptake, it is readily trans-
ported into the aboveground plant parts (V e r k l e i j and S c h a t , 1990).
Most authors think that the mechanisms of Cd uptake and ascendant transport
are similar to those of the Ca2+ ion, i.e., that these are passive processes (J a r -
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v i s et al., 1976). Opinions still vary on the Cd uptake and transport by plants
(G i r l i n g and P e t e r s o n , 1981). According to L e i t a et al. (1996),
most plant species take up and transport Cd by the xylem in the form of Cd2+.

The mobility of Cd varies according to the species. For example, Cd is
considerably more mobile in oil rape and pumpkin than in tomato, wheat, and
oat (P e t t e r s s o n , 1976). Studying 23 plant species, J a r v i s et al. (1976)
found notable differences among them not only in terms of the rate of Cd up-
take but also in terms of the elements transport from the root to the abovegro-
und parts. Furthermore, F l o r i j n and V a n B e u s i c h e m (1993) also fo-
und significant differences in Cd content and mobility among 19 maize inbred
lines. The translocation of Cd from the root to the aboveground parts was abo-
ut four times greater in Triticum aestivum L. than in Triticum turgidum L. var.
durum (H a r t et al., 1998).

Cd translocation in plants depends not only on the species but also on the
available Cd concentration in the substrate (C i e s l i n s k i et al., 1996). In
many species grown in the presence of high Cd concentrations, Cd transloca-
tion to the aboveground plant parts was found to be reduced as compared to
the treatments in which plants were grown on a substrate with a lower Cd
concentration. The results of our study support this finding. It is hypothesized
that such conditions trigger internal detoxification mechanisms whereby the
aboveground plant parts rid themselves of excess Cd (B a k e r et al., 1990).

Mechanisms that enable Cd accumulation in the fruit and seed have not
been sufficiently clarified. P o p e l k a et al. (1996) hold that Arachis hypogae
L. transports Cd to the generative organs by the phloem, i.e., by retransloca-
tion. There are also researchers who think that Cd retranslocates poorly and
that its presence in the fruit and seed is negligible, even on highly contamina-
ted soils (L e i t a et al., 1996).

Based on what science has learned thus far about the translocation and
retranslocation of Cd into the generative organs of plants, it can be concluded
that these two processes depend primarily on the plant genotype and the avail-
able Cd concentration in the substrate, while the influence of other factors is
much less significant. The concentration of Cd in strawberry fruits depends
both on the genotype used and the Cd level present in the nutrient medium
( C i e s l i n s k i et al., 1996). The Cd content in the reproductive organs of
44 maize lines ranged from 0.08 to 3.70 mg/kg of dry matter (H i n s l e y et
al., 1978). The Cd concentration in celery seeds was as much as 10 times hig-
her than that found in the reproductive organs of wheat (V a n L u n e and
Z w a r t , 1997). In the aboveground parts of Papaver somniferum L. plants,
the highest Cd accumulation was in the seed, followed by the leaves, stem
and, finally, the seed coat (P a v l i k o v a et al., 1996).

Taking note of the results of the present study and the available literature
data about Cd content, translocation, and retranslocation in other plant species,
we can conclude that the aphylla-type pea belongs to the group of plants with
a low capacity for Cd uptake and accumulation. The reason may be that this
type of pea has a small leaf area and hence low transpiration. This is sugge-
sted by the results of S a l t et al. (1995), who found a positive correlation be-
tween the rate of transpiration and the rate of Cd transport from the root to the
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aboveground plant parts. Given that in our study it was the root Cd content
that decreased the most after the treatment, it can be assumed that the larger
part of Cd in the pods and seeds came from the root by translocation. While
Cd retranslocation from leaves to generative organs could not be completely
eliminated, the results showed that it had no significant effect on Cd accumu-
lation in the pods and grains. Our results support the proposition that Cd re-
translocates poorly from the leaf to the fruit. The knowledge that Cd is tran-
slocated from the root to the generative organs can be of importance for the
production of biologically safe food.

CONCLUSIONS

Using the water culture method, we studied the translocation and retran-
slocation of Cd in the aphylla-type pea (cultivar Jezero) at two stages of
growth and development. Cadmium was applied as 0, 10—7 and 10—5 M CdCl2.
The following conclusions have been reached.

The reductions in plant dry matter mass depended significantly on Cd
concentration and plant age. The decrease of dry matter mass of both vegetati-
ve and generative plant organs was more significant when Cd was applied at
flowering (63 day-old plants) then when plants were young (25 day-old), espe-
cially in the treatment with the higher Cd concentration.

In all treatments, Cd content was highest in the root. Based on the Cd
content per plant, it can be concluded that the aphylla-type pea belongs to the
group of plants with a low capacity for Cd uptake and accumulation.

It was established beyond doubt that translocation of Cd from the root to
the aboveground vegetative and generative plant parts did occur. The possibil-
ity that a minor amount of Cd was retranslocated from the leaves to the seeds
and pods could not be completely eliminated, either. However, the results
showed that this had no significant effect on Cd accumulation in the pods and
grains.

The results of the study support the proposition that Cd retranslocates
poorly from the leaf to the fruit. Nevertheless, the knowledge that Cd is tran-
slocated from the root to the generative organs can be important for the pro-
duction of safe food.
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Rezime

Prouåavana je translokacija i retranslokacija kadmijuma (Cd) u afila ti-
pu graška sorte Jezero, u dva stadijuma rasta i razviãa, u polukontrolisanim
uslovima. Primewene koncentracije Cd bile su 0 (kontrola), 10—7 i 10—5 M Cd,
a starost biqaka u vreme tretmana bila je 26 i 63 dana. Tretmani Cd preko ko-
rena trajali su po 48 h. Biqke su analizirane neposredno nakon tretmana, 38
dana kasnije i u fazi zrelosti. Suva masa biqaka i sadrÿaj Cd odreðeni su u
pojedinaånim biqnim organima. Rezultati su pokazali da se masa suve materije
znaåajno smawila u zavisnosti od primewene koncentracije Cd i starosti
biqaka. Smawewe mase suve materije i vegetativnih i generativnih organa bi-
lo je znaåajnije kada je Cd primewivan u fazi cvetawa (63 dana stare biqke)
nego kada su biqke bile mlaðe (25 dana stare). Kod svih tretmana, najviši sa-
drÿaj Cd utvrðen je u korenu. Takoðe, došlo je do translokacije Cd iz korena u
nadzemne vegetativne i generativne biqne organe i ovaj proces je bio relativ-
no intenzivniji kada je primewena koncentracija Cd bila niÿa. Moguãnost da
je došlo do retranslokacije minimalnih koliåina Cd iz listova u mahune ta-
koðe ne moÿe biti iskquåena.
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CO-CULTIVATION OF N2-FIXING HETEROCYSTOUS
CYANOBACTERIA AND RICE CULTIVARS IN LIQUID

AND SAND CULTURES

ABSTRACT: A large variety of cyanobacterial species capable of fixing atmospheric
nitrogen have been identified. In this paper we present the data obtained during the co-culti-
vation of 12 cyanobacterial isolates (Nostoc and Anabaena strains), previously isolated from
different soil types of the Vojvodina Province (Yugoslavia), and four rice (Oryza sativa)
cultivars in liquid and sand cultures. The level of cyanobacterial influence on rice, conside-
ring the contribution to plant growth and development, as well as the N content of the rice
plant were practically identical in the liquid and sand media. Also, diverse cyanobacterial
influences were observed on the length, dry weight and N content of roots and shoots du-
ring the co-cultivation of rice cultivars and cyanobacteria in sand culture. The production
and liberation of N compounds by cyanobacteria seem to be related to specific growth con-
ditions created by the co-cultivation with a specific rice cultivar. Not only the nitrogen
fixation, but also biologically active substances of cyanobacterial origin probably have an
important role in co-cultivation.

KEY WORDS: Anabaena, co-cultivation, N2 fixation, Nostoc, rice

INTRODUCTION

Since it had been found that the natural fertility of flooded rice soils is
associated with the diffusion of blue-green algae in them, and use of these mi-
croorganisms as biofertilizers in the production of rice suggested, many studies
have been conducted on increasing N2 fixation in rice fields by inoculation
with specific cyanobacterial strains (V e n k a t a r a m a n , 1972). While the
extracellular release of nitrogen compounds and the release of certain biosti-
mulative substances are obvious ways by which the Cyanobacteria may bene-
fit the higher plants, R a i (1990) demonstrated how plants may aid the
growth of cyanobacteria and increase their N2 fixation during co-cultivation.
Paddy fields desiccation at the end of the cultivation cycle is followed by de-
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ath of algal biomass and release of its content, which additionally fertilize the
soil with nitrogen compounds. The contribution of cyanobacteria to N2 fixation
is 25—30 kg/ha of soil. In addition to yield increase, it reduces the need for
artificial fertilizer by 60% (V e n k a t a r a m a n , 1972). Biostimulative sub-
stances — hormones and vitamins produced by cyanobacteria are also respon-
sible for the improved growth and development of higher plants (R o d g e r s
et al., 1979).

Recently, a large number of authors (S p i l l e r and G u n a s e k a r a n ,
1990; O b r e h t , 1992; S v i r å e v et al., 1996) have dealt with possible ap-
plication of cyanobacteria as natural fertilizers during co-cultivation with agri-
culturally important plants. Since the rice field ecosystem is a favorable envi-
ronment for the growth of cyanobacteria, rice seems to be the most suitable
plant for such experiments.

Four rice cultivars were co-cultivated with 12 cyanobacterial strains (No-
stoc and Anabaena), in order to determine the effects of these microorganisms
on the growth of rice plants in liquid and sand cultures.

MATERIALS AND METHODS

Four rice cultivars (Oryza sativa), marked OS4, 9909, 36959 and 353, ha-
ve been donated by the Manila University, the Philippines. Twelve cyano-
bacterial strains, Nostoc strains (2S9B, LBG1, S1, 2, S2) and Anabaena strains
(C5, 14, LC2B, 2S6B, S8B, C3, C4) have been taken from the algal collection of
the microbiology laboratory, Institute of Biology, Novi Sad. These strains are
described in detail in the paper of O b r e h t (1992).

Cyanobacteria were maintained in BG11 liquid culture (R i p p k a et al.,
1979) in shake flasks, at room temperature and at the light flux density of 50
�molm—2s—1.

The co-cultivation of plant seedlings and N2-fixing cyanobacteria was
carried out in liquid and sand cultures, at 24°C, with continuous illumination
at the photon fluence rate of 40 �molm—2s—1. The sand used for sand cultures
was previously washed with water and sterilized. Co-cultivation was conduc-
ted in a medium without combined nitrogen, and the cultivation of control
groups of plants was carried out in media with and without combined nitro-
gen. Each vessel with corresponding liquid or sand medium contained 8—10
plants, and each treatment consisted of five replicates. During the 24 days of
cultivation, 200 ml of appropriate medium (BG11—N or BG11+N) were ad-
ded to the experimental vessels and otherwise watered with distilled water.

During the first part of the experiment, the rice cultivars 36959 and 353
were cultivated in sand and liquid cultures with or without nitrogen, as con-
trol plants, and with five different cyanobacterial strains (2S9B, LBG1, C5,
LC2B, 2S6B), selected on the basis of previous investigation data (O b r e h t,
1992; S v i r å e v et al.,1996). Further on in the experiment, the rice cultivars
OS4 and 9909 were cultivated only in sand culture with or without nitrogen,
and co-cultivated with the 12 cyanobacterial strains.
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After 24 days of plant cultivation and co-cultivation with cyanobacteria
in liquid and sand cultures, the length, dry weight and N-content of the above-
ground plant parts (shoots) and roots were measured. Nitrogen content of dry
matter was determined using Kjeldahl method (B r e m n e r and M u l v a -
n e y , 1982).

Experimental data were subjected to the analysis of variance (LSD-test).

RESULTS

Co-cultivation of rice and cyanobacteria influenced
by the type of the medium

Tables 1 and 2 show the results of the measurements of the length, dry
weight and N content in roots and aboveground parts (shoots) of the rice culti-
vars 36959 and 353, when grown in the presence and absence of N, and when
co-cultivated with the cyanobacterial strains, in liquid and sand cultures. The
levels of cyanobacterial influence on the rice regarding the contribution to
plant growth, development and N content were practically identical in the liq-
uid and sand media.

Tab. 1. — Length, dry weight and nitrogen content of shoots and roots of rice cv. 36959 co-culti-
vated with cyanobacteria in liquid and sand cultures

Plant
organ CB strain

Liquid culture Sand culture

Length
[cm]

Dry weight
[mg/plant] N [%] Length

[cm]
Dry weight
[mg/plant] N [%]

Shoot

Control +N 22,44** 96,1** 156** 21,29** 71,0** 140**

Control –N 16,37 53,5 100 15,28 33,3 100

2S9B 19,97** 72,7** 144** 17,94** 52,4** 132**

LBG1 19,67** 71,6** 141* 19,82** 54,2** 133**

C5 16,34 48,6*� 99 15,38 36,2* 113

LC2B 19,65** 66,3** 140* 18,62** 43,0** 128**

2S6B 16,97 60,2* 102 16,23 39,0* 103

Root

Control +N 21,95** 41,8** 138** 23,21** 47,8** 151**

Control –N 23,66 19,3 100 25,14 17,3 100

2S9B 21,61* 39,0** 133** 23,61** 40,0** 130**

LBG1 22,18 32,4** 131** 24,18 34,1** 142**

C5 25,72* 19,1 85*� 28,72** 19,1* 99

LC2B 21,21* 33,3** 116* 25,22 33,3** 107

2S6B 23,28 23,4* 88 26,14 28,3* 91

* Statistical significance of the tested parameters compared with the control –NO3 at the
confidence level of 0.05

** Statistical significance of the tested parameters compared with the control –NO3 at the
confidence level of 0.01

� Inhibiting influence of cyanobacteria
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NOTE: The results of N content measurements are presented in relative values with reference
to control –NO3.

Tab. 2. Length, dry weight and nitrogen content of shoots and roots of rice cultivar 353 co-culti-
vated with cyanobacteria in liquid and sand cultures

Plant
organ CB strain

Liquid culture Sand culture

Length
[cm]

Dry weight
[mg/plant] N [%] Length

[cm]
Dry weight
[mg/plant] N [%]

Shoot

Control +N 31,73** 116,53** 210** 32,71** 151,4** 148**

Control –N 18,50 46,6 100 16,49 36,3 100

2S9B 28,39** 86,1** 191** 30,28** 86,1** 138**

LBG1 19,35 49,2 193** 19,04** 38,3* 141**

C5 17,62*� 32,6**� 100 18,60* 26,7*� 97

LC2B 25,41** 73,9** 194** 21,51** 39,7** 138**

2S6B 19,96 45,8 141* 19,19** 35,3 110

Root

Control +N 20,41** 66,4** 207** 21,42** 86,4** 184**

Control –N 27,91 24,9 100 27,30 29,2 100

2S9B 25,65* 57,7** 131* 24,17* 52,7** 136*

LBG1 28,98 28,2* 132* 29,20* 29,7 122*

C5 34,34** 17,3**� 77*� 33,33** 25,3*� 102

LC2B 23,95** 53,4** 128* 22,97** 34,2* 126*

2S6B 27,16 33,2** 90 27,21 33,7* 94

* Statistical significance of the tested parameters compared with the control –NO3 at the
confidence level of 0.05

** Statistical significance of the tested parameters compared with the control –NO3 at the
confidence level of 0.01

� Inhibiting influence of cyanobacteria
NOTE: The results of N content measurements are presented in relative values with reference
to control –NO3.

Cyanobacterial contribution to the growth and N content
of rice grown in sand

Cyanobacterial strains 2S9B and LBG1 positively affected the growth and
N content of roots (with decrease of its length) and shoots of the rice cv.
36959, which was co-cultivated with five different cyanobacterial strains in
sand culture (Table 1). The same effect was displayed with strain LC2B in the
case of shoots. Strain C5 increased the root length highly significantly. Cyano-
bacterial strains 2S9B, LC2B and LBG1 exhibited the highest influence on the
rice cultivar 353 (Table 2), regarding all of the tested parameters. Strain C5
provoked significant decreases of the dry weight of plants, as well as a high
increase of the root length.

According to the data obtained for the rice cultivar OS4 grown in sand
medium (Table 3), almost all cyanobacterial strains increased the dry weight
and N content of roots, but reduced their length. Cyanobacterial strain LC2B
had the highest stimulative effect on the tested parameters of rice shoots.
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Strain S1 increased the tested parameters of shoots and roots, except the root
length, which was reduced. Strains 14 and C5 caused significant reductions of
the dry weight of shoots. Strain C5 also reduced the root length.

Cyanobacterial strain 2S9B exhibited outstanding influence on the tested
parameters of the rice cv. 9909 (Table 4), causing highly significant reductions
of the root length and increases of the other parameters as compared with the
control without N. Strains C5 and 2 had high stimulative effects on the roots
length. Strain C5 caused highly significant increases of the dry weight, while
strain C3 decreased this parameter. Strain LBG1 caused highly significant in-
creases in all tested parameters of the shoot.

Tab. 3. — Length, dry weight and nitrogen content of shoots and roots of rice cultivar OS4
co-cultivated with cyanobacteria in sand culture

CB strain
Shoot Root

Length
[cm]

Dry weight
[mg/plant] N [%] Length

[cm]
Dry weight
[mg/plant] N [%]

Control +N 15,3** 30,0** 153** 16,6** 35,2** 122**

Control –N 13,0 24,3 100 20,5 13,7 100

2S9B 15,2** 27,4** 129** 18,5* 33,7** 116*

LBG1 14,2 24,7 137* 16,9** 20,0** 118**

C5 14,5 21,3*� 98 17,1** 16,5 102

14 14,2 21,5*� 134** 22,2* 20,8** 113*

LC2B 19,0** 32,2** 138** 20,8 25,4** 114*

2S6B 14,8* 27,4** 128** 18,2* 32,1** 102

S1 15,0** 25,4 119* 14,5**� 25,5** 117**

2 15,7** 24,3 113 17,9** 25,7** 111*

S2 15,8** 25,7 110 19,0* 25,0** 108

S8B 15,8** 25,6 125* 17,4** 32,0** 114*

C3 14,8* 27,3** 130** 17,1** 31,3** 113*

C4 16,3** 26,2* 111 20,2 31,2** 113*

* Statistical significance of the tested parameters compared with the control –NO3 at the
confidence level of 0.05

** Statistical significance of the tested parameters compared with the control –NO3 at the
confidence level of 0.01

� Inhibiting influence of cyanobacteria
NOTE: The results of N content measurements are presented in relative values with reference
to control –NO3.

Tab. 4. — Length, dry weight and nitrogen content of shoots and roots of rice cultivar 9909
co-cultivated with cyanobacteria in sand culture

CB strain
Shoot Root

Length
[cm]

Dry weight
[mg/plant] N [%] Length

[cm]
Dry weight
[mg/plant] N [%]

Control +N 19,5** 29,0** 132** 23,0** 32,5** 182**

Control –N 15,9 25,8 100 27,2 26,0 100
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2S9B 17,6* 35,0** 119* 23,4** 34,7* 155**

LBG1 20,7** 40,0** 121** 23,2** 27,7 165**

C5 17,8* 28,7** 98 32,1** 35,8** 120

14 16,7 25,3 106 26,4 26,7 172**

LC2B 18,9** 29,8** 115* 28,8 30,8* 158*

2S6B 18,7** 34,0** 116* 24,5** 39,3** 121

S1 16,3 26,3 97 29,9* 28,0* 101

2 16,4 24,3 104 34,3** 24,2 95

S2 17,0 29,2** 115* 28,5 27,5 105

S8B 16,8 27,2 105 26,4 32,5** 128*

C3 15,6 22,7**� 100 28,0 23,1*� 107

C4 16,9 26,3 104 25,6 24,3 101

* Statistical significance of the tested parameters compared with the control –NO3 at the
confidence level of 0.05

** Statistical significance of the tested parameters compared with the control –NO3 at the
confidence level of 0.01

� Inhibiting influence of cyanobacteria
NOTE: The results of N content measurements are presented in relative values with reference
to control –NO3.

DISCUSSION

Unlike the other agricultural plants such as wheat, corn or sugarbeet, in
which the influence of cyanobacterial strains was stronger during the co-culti-
vation in liquid than in sand culture (S v i r å e v et al., 1996), the co-cultiva-
tion of rice and cyanobacteria produced similar results in both media. How-
ever, this was expected since the cultivation of rice requires high medium hu-
midity (sand), and such cultivation conditions provide appropriate environment
for the growth of cyanobacteria. In liquid medium, which is usually not the
real environment, plant roots easily find homogenously dissolved nutritious
substances. Our results show that in the case of rice, sand humidity was suffi-
cient to enable cyanobacteria to express (or not) their N2-fixing ability and the
ability of excretion of nitrogen compounds in almost the same intensity as the
liquid medium. This explains why the second part of our experiment was per-
formed in sand culture only.

Generaly, the two Nostoc strains, 2S9B and LBG1, had the highest influ-
ence on the growth of all rice cultivars involved in co-cultivation. Strain 2S9B
significantly increased the tested parameters of all four co-cultivated rice culti-
vars, as compared with the plants cultivated in the nitrogen-free medium. The
only exception was root length, for which a decrease was observed. It is
known that plant cultivation in nitrogen-free media leads to the elongation of
roots. In light of this statement, the evident decrease of root length observed
during the co-cultivation should be interpreted not only as a sign of inhibition
but also as an indicator of liberation of nitrogen compounds of cyanobacterial
origin into the environment. Similar effects of this strain on the other agricul-
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turally important plants have already been observed (S v i r å e v et al., 1996).
Strain 2S9B is emphasized as a strain having high potentials for application as
a biofertilizer.

In our experiment, we noticed that the different levels of cyanobacterial
influence on the tested parameters of the rice were uniformly distributed be-
tween the Nostoc and Anabaena strains. Anabaena strain LC2B had similar in-
fluences on co-cultivation participants as the Nostoc srains indicated above.
Anabaena strain 14, although it significantly increased the N content of the ri-
ce cv. OS4, also caused it extend its roots above the values of the control
plants grown in the N-free medium. Such elongation of plant roots, in spite of
the presence of liberated N in the medium indicated by the highly significant
increase of N concentration in plants, could point to the production and pres-
ence of biologically active compounds (BACs). Cyanobacteria have been pre-
viously shown to produce compounds that stimulate the growth of plants. The
following cyanobacteria or cyanobacterial extracts have been reported to stim-
ulate plant growth: Anabaena sp., Nostoc sp., Oscillatoria sp., Plectonema sp.
and Nodularia sp. (R o d g e r s et al., 1979). Cyanobacterial stimulation and
inhibition of fungal growth was also reported (S z i g e t i et al., 1998).

Significant elongation of plant roots when co-cultivated with strain C5
can also be attributed to the presence of BAC. This happened with all rice cvs.
except OS4, in which root shortening occurred, although no increase in the N
content of plants could be observed. This phenomenon can also be attributed
to the presence of BACs, those exerting the inhibiting effect. It is known that
the higher plants influence the growth of cyanobacteria during co-cultivation
( R a i , 1990). This seems to explain how the different cyanobacteria influen-
ce, either stimulatively or inhibitively, the parameters of different rice culti-
vars.
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KO-KULTIVACIJA N2-FIKSIRAJUÃIH
HETEROCISTNIH CYANOBACTERIA I PIRINÅA

U VODENIM I PEŠÅANIM KULTURAMA

Aleksandra V. Drobac, Zorica B. Sviråev, Olga V. Petroviã
Institut za biologiju, Trg Dositeja Obradoviãa 2,

PMF Novi Sad, 21000 Novi Sad, Jugoslavija

Rezime

Velik broj vrsta cijanobakterija sposoban je da fiksira slobodan azot iz
vazduha. Heterocistne filamentozne cijanobakterije veã vekovima imaju ulogu
biofertilizatora na pirinåanim poqima. Ovaj rad prikazuje rezultate dobije-
ne tokom ko-kultivacije 12 cijanobakterijskih izolata iz rodova Nostoc i Ana-
baena, prethodno izolovanih iz razliåitih zemqišta Vojvodine (Jugoslavija) i
åetiri linije pirinåa, u vodenim i pešåanim kulturama. Rezultati pokazuju da
je nivo cijanobakterijskog uticaja i doprinosa rastu i razvoju pirinåa, kao i
ukupnoj koliåini N, praktiåno isti u vodenim i pešåanim kulturama. Takoðe
je primeãen razliåit uticaj cijanobakterija na duÿinu, suvu masu i sadrÿaj
azota korena i nadzemnog dela razliåitih linija pirinåa gajenih u pešåanim
kulturama. Produkcija i oslobaðawe azotnih jediwewa od strane cijanobakte-
rija verovatno je povezano sa specifiånim uslovima koje stvara kultivacija u
zdruÿenoj kulturi sa specifiånom linijom pirinåa. Pored azotofiksacije, i
ekskrecija biološki aktivnih supstanci cijanobakterijskog porekla verovatno
ima vaÿnu ulogu u ko-kultivaciji.
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EFFECT OF N2-FIXING CYANOBACTERIA ON HIGHER
PLANTS GROWN IN SAND

ABSTRACT: The results of the co-cultivation of cyanobacterial isolates (Nostoc and
Anabaena strains) and some higher plant species of agricultural importance: sugar beet (Be-
ta vulgaris), wheat (Triticum vulgare) and rice (Oryza sativa) are presented. The experiment
was performed in sand culture in order to determine the interactive effect of the participants.
During the co-cultivation of the cyanobacterial isolates and plants, diverse effects were ob-
served on the plant length, dry weight and nitrogen content of the roots and plant shoots.
Also, in certain cases of rice, penetration of cyanobacteria into the roots cells was noticed.
Our results indicate statistically significant differences in the tested parameters and in the
contribution of the N2-fixing cyanobacteria to the plants during the co-cultivation with
cyanobacteria, as compared with the control plants. The influence of the cyanobacteria on
the plants grown in sand culture seems to be very specific and the kind of relations depends
on both the strain and plant species.

KEY WORDS: Co-cultivation, N2-fixing cyanobacteria, rice, sand culture, sugar beet,
wheat

INTRODUCTION

Cyanobacteria are microorganisms of special interest because many speci-
es of them fix N2 via the enzyme nitrogenase. This ability makes these micro-
organisms potentially valuable sources of nitrogen biofertilizer. Free extant
cyanobacteria constitute a major group of N2-fixing microorganisms in rice fi-
elds and have a potencial as biofertilizer in rice cultivation. (V e n k a t a r a -
m a n , 1972; R o g e r and K u l a s o o r i y a , 1981). Investigation on the
practical utilization of cyanobacteria in rice fields has focused mainly on inoc-
ulation with cyanobacteria inocula produced in soil (V e n k a t a r a m a n ,
1981). The extracellular release of nitrogen compounds and the release of cer-
tain biostimulative substances are obvious ways in which cyanobacteria may
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benefit the higher plants. On the other hand, some studies have shown how
plants may aid the growth and increase of N2-fixation by cyanobacteria during
co-cultivation (R a i , 1990).

A beneficial effect of an ammonia-excreting mutant of Anabaena variabi-
lis on the growth of wheat has been demonstrated (S p i l l e r and G u n a s e -
k a r a n , 1990). Both the nitrogenase activity of the mutant strain and plant
growth are enhanced by direct associations of the cyanobacterium with the
plant roots. A positive influence of N2-fixing cyanobacteria on the growth and
nitrogen content of wheat seedlings grown hidroponically with their roots col-
onized by soil isolates of cyanobacteria has been noticed (O b r e h t et al.,
1993).

This paper describes the effect of co-cultivation of three cyanobacterial
strains (Nostoc and Anabaena) when they were associated with roots of three
higher plant species of agricultural importance: rice, sugar beet and wheat.

MATERIALS AND METHODS

Organisms

Three filamentous nitrogen-fixing cyanobacteria (Nostoc and Anabaena)
were used for the investigation. Nostoc strain 2S9B was isolated from solo-
netz, Anabaena strain LC2 from black meadow and Anabaena strain Å5 from
chernozem soils in the Province of Vojvodina, Yugoslavia (G a n t a r et al.,
1991). The strains were selected from our previous investigations (G a n t a r
et al., 1995). Sugar beet (Beta vulgaris) and wheat (Triticum vulgare) cultivars
were supplied by the Institute of Field and Vegetable Crops, Faculty of Agri-
culture, University of Novi Sad, Yugoslavia. The rice cultivar (Oryza sativa)
was obtained from officials of Manila University, the Philippines.

Growth conditions

Cyanobacteria were maintained in the BG-11 (R i p p k a et al., 1979) liq-
uid culture, kept in flasks at room temperature and light flux density of 50
�mol m—2s—1. Cyanobacterial contribution to the growth of plants was studied
in the sand that had been thoroughly washed with water and sterilized. The
sand was placed into pots lined with plastic bags to allow the retention of 1
cm deep surface layer of cyanobacterial culture in nitrogen — free medium.
The pots were incubated at 24°C and shaded from excessive light for 7 days,
during which time an abundant cyanobacterial mat developed on the surface of
the sand. The liquid was then drained from the pots by puncturing the plastic
bags and plant seeds were placed in the sand. During the subsequent 24-day
cultivation period, the sand was watered three times with nitrogen-free medi-
um but was otherwise kept moist by adding distilled water. Control pots with-
out cyanobacteria were watered with nitrogen or without nitrogen medium.
Each pot contained 10 plants and each treatment consisted of five replicates.
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Plant measurements

After 24 days of plant cultivation and co-cultivation with cyanobacteria
in sand culture, preparations were made for measurements of the length, dry
weight and nitrogen content in plants. After harvesting the plants, roots were
washed free from sand and excised from shoots. The lengths of aboveground
parts (shoots) and roots were measured. After that the aboveground parts and
roots were dried separately in a hot-air oven at 85°C for 2 days prior to deter-
mination of dry weight and nitrogen content.

Nitrogen content

Nitrogen content of dry matter was determined using Kjeldahl method
( B r e m n e r and M u l v a n e y , 1982). Data for plants from one pot were
pooled and the presented data are the means of measurements made of five re-
plicated samples.

Statistical analysis

Experimental data were subjected to the analysis of variance (LSD-test).

RESULTS

Cyanobacterial contribution to the growth and nitrogen content
of plants grown in sand culture

In the experiment carried out in sand, no specific associations between
plant roots and cyanobacteria have been observed with the exception of the ri-
ce cultivar where a tight association and penetration into the root cells of the
2S9B strain were recorded. Microscope analyses of rice root demonstrated that
single cells, cell groups or complete filaments of 2S9B strain covered some
parts of roots. The strain 2S9B also penetrated the root epidermis and cortex
and was present inside the root cells of rice.

Figures 1, 2 and 3 present the results of plant measurements made after a
period of plant co-cultivation with the cyanobacterial strains. Significant effect
of cyanobacterial strain on root dry weight and length compared with the con-
trol without nitrogen, was observed only in the rice cultivar. The strains 2S9B
and LC2 decreased the length of root of rice, and increase in root length was
observed in the case of Å5 strain. Distinctly stimulative influence on root
growth was recorded in the case of the 2S9B strain, which significantly incre-
ased the root dry weight of the rice cultivar (Figure 1).

The root lengths and dry weights of sugar beet and wheat have not been
significantly influenced by all the cyanobacteria. Still, some changes in root
length were recorded in the presence of Å5 as stimulation and in the presence
of LC2 as inhibition (Figures 2 and 3).
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Fig. 1. — The effect of cyanobacterial strains on the length and dry weight of rice cultivar

* statistical significance of tested parameters compared with the control –NO3 at the
confidence level of 0.05

** statistical significance of tested parameters compared with the control –NO3 at the
confidence level of 0.01

Fig. 2. — The effect of cyanobacterial strains on the length and dry weight of sugar beet

* statistical significance of tested parameters compared with the control –NO3 at the
confidence level of 0.05



The cyanobacteria exhibited similar effects on the tested parameters of
shoots. The length and dry weight of rice shoots, compared with the control
without nitrogen, have been statistically significantly increased by all cyano-
bacterial strains (Figure 1). In the case of wheat, only strain 2S9B increased
the length and dry weight of shoots (Figure 3). At the same time the parame-
ters of sugar beet have not been influenced by the cyanobacteria (Figure 2).

The nitrogen contents in roots and shoots of the examined plants are
shown in Table 1. Significant increases in nitrogen content of both shoots and
roots of the rice cultivar occurred with 2S9B and LC2 strains, while strain Å5
did not change the nitrogen content of rice. The same effect of the cyano-
bacteria on the nitrogen contents in wheat roots and shoots has been recorded.
In the case of sugar beet, only strain 2S9B increased the nitrogen concentra-
tion of both shoots and roots. Strain LC2 decreased only the nitrogen content
in shoots, while strain Å5 did not influence the nitrogen content in roots, but
the content in shoots has been changed (Table 1).
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Fig. 3. — The effect of cyanobacterial strains on the length and dry weight of wheat

* statistical significance of tested parameters compared with the control –NO3 at the
confidence level of 0.05



Tab. 1. — Nitrogen contents in shoots and roots after co-cultivation in sand

Plant species Treatm.
contr/strain

Shoot Root

N (%) N (%)

Rice (Oryza sativa)

+NO3 145 166

–NO3 100 100

2S9B 135** 133**

LC2 133** 116*

Å5 105 100

Sugar beet (Beta vulgaris)

+NO3 133 382

–NO3 100 100

2S9B 119** 221**

LC2 76** 117

Å5 92** 104

Wheat (Triticum vulgare)

+NO3 130 137

–NO3 100 100

2S9B 123** 130*

LC2 115* 111

Å5 102 98

* statistical significance of tested parameters compared with the control –NO3 at the
confidence level of 0.05

** statistical significance of tested parameters compared with the control –NO3 at the
confidence level of 0.01

The results of nitrogen content measurements are presented in relative values with reference to
control –NO3

DISCUSSION

During the co-cultivation in sand of cyanobacterial strains and some
agronomicaly important plant cultivars, significant influence of cyanobacterial
strains on the plants was observed. Cultivation of rice with cyanobacteria re-
quires a high humidity of the medium. When we take this into consideration,
these results and the results obtained during the co-cultivation in liquid culture
(S v i r å e v et al., 1997) are similar. In the view of potential application of
co-cultivation, these results confirm that the selection of appropriate plant spe-
cies, characterized by high water demands, is necessary to enable favorable
conditions for the growth of N2-fixing cyanobacteria and also to enable the re-
lease of nitrogen compounds into the environment. The great importance of
cyanobacteria in rice fields was discussed by R o g e r and K u l o s o o r i y a
(1981) and V e n k a t a r a m a n (1981).

Among the tested strains, the greatest beneficial effect on the participat-
ing plant was determined in the case of 2S9B (Nostoc). This strain signifi-
cantly increased the nitrogen content of roots and shoots of all tested plants
grown in sand. Similar results were presented previously by S v i r å e v et al.,
(1997).
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It is known that the cultivation of plants in nitrogen-free media leads to
the elongation of the roots. In the light of this statement, the evident decrease
in roots length observed during the co-cultivation of the 2S9B strain and rice
should not be accepted as an inhibition but as an indicator of liberation of ni-
trogen compounds by cyanobacteria into the environment. According to these
results and the results of our previous investigation (O b r e h t et al., 1993;
G a n t a r et al., 1995), this strain should be underlined as a strain with great
chances for potential application as biofertilizer. In addition, this strain was
determined to be able to penetrate root cells of the rice cultivar, which could
be significant for creating an artificial symbiosis. The way in which cyano-
bacteria penetrate the root epidermis and cortex of rice root is similar to the
associations formed when Rhizobia were co-cultured with plant callus (H o l -
s t e n et al., 1971) and when cyanobacteria were co-cultured with tobacco cal-
lus (G u s e v et al., 1986). The strain Å5 showed a specific influence on the
plant species. A negative effect on the rice cultivar grown in sand was re-
corded, leading to the decrease in plant biomass, followed by elongation of the
root. During the co-cultivation of the cyanobacteria and plants in nitrogen-free
media this kind of root elongation is quite rare, indicating the production and
presence of biologically active substances to stimulate the growth of plants.
The cyanobacteria have been previously shown to produce compounds that sti-
mulate the growth of plants. The following cyanobacteria have been reported
to stimulate plant growth: Cylindrospermum muscicola (V e n k a t a r a m a n
a n d N e e l a k a n t a n , 1967); Anabaena sp., Nostoc sp., Oscillatoria sp.,
Plectonema sp. and Nodularia sp. (R o d g e r s et al., 1979).

According to the presented results, the rice cultivar showed to be the
most suitable plant species for co-cultivation with cyanobacteria. The influence
of the cyanobacteria on the tested higher plants grown in sand culture seems
to be highly specific and the kind of relations depends on both the strain and
plant species taking part in the association.
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UTICAJ AZOTOFIKSIRAJUÃIH CIJANOBAKTERIJA
NA VIŠE BIQKE GAJENE U PEŠÅANOJ KULTURI

Jelica B. Simeunoviã, Zorica B. Sviråev, Slavka K. Gajin
Institut za biologiju, Trg Dositeja Obradoviãa 2,

PMF Novi Sad, 21000 Novi Sad, Jugoslavija

Rezime

U ovom radu ispitivan je uticaj 3 razliåita azotofiksirajuãa cijanobak-
terijska soja (2S9B, LC2 i Å5) na rast nekih poqoprivredno znaåajnih kultura:
šeãerne repe, pirinåa i pšenice. Konstatovano je da samo soj 2S9B ostvaruje
åvršãu vezu i da prodire u ãelije korena pirinåa. U sluåaju pirinåa uoåen je
znaåajan uticaj ispitivanih sojeva na suvu masu i duÿinu nadzemnog dela i ko-
rena. Nisu primeãeni statistiåki znaåajni uticaji cijanobakterija na suvu ma-
su i duÿinu korena pšenice i šeãerne repe. Soj 2S9B (Nostoc) uticao je na po-
veãawe duÿine i suve mase nadzemnog dela kod pšenice. Dva soja 2S9B i LC2
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(Nostoc i Anabaena) uticali su na poveãawe ispitivanih parametara kod pi-
rinåa. Ustanovqeno je da je soj 2S9B uticao na poveãawe koncentracije ukupnog
azota u korenu i nadzemnom delu tokom ko-kultivacije sa šeãernom repom i
pšenicom, dok u sluåaju pirinåa osim soja 2S9B i soj LC2 ima pozitivan efe-
kat. Tokom istraÿivawa zapaÿen je i negativan efekat sojeva LC2 i Å5 (Anabae-
na) na suvu masu, kao i na sadrÿaj ukupnog azota nadzemnog dela kod šeãerne
repe.

Na osnovu dobijenih rezultata moÿe se reãi da je uticaj azotofiksirajuãih
cijanobakterija na rast biqaka u ciqu wihove primene kao biofertilizatora
najizrazitiji pri ko-kultivaciji sa pirinåem. Efekti zdruÿenog gajewa su vr-
lo specifiåni za odreðenu kombinaciju cijanobakterijskog soja i biqne vrste,
te se zbog toga ne preporuåuje selekcija univerzalnog soja kao biofertilizato-
ra, nego odabirawe jednog ili više sojeva u odnosu na konkretan genotip biq-
ne vrste.
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ANTHROPOLOGICAL CHARACTERISTICS OF THE
POPULATION OF SREM ACCORDING TO NATIVE ORIGIN

ABSTRACT: The paper presents the results of a biometrics analysis of morpho-
-physiological characteristics (body height, leg length, arm length, body mass, chest circum-
ference and the vital capacity of lungs) of the adult population of Srem. The population
structure, which combines the indigenous element and immigrants, was established in the
Vojvodina Province after World Wars I and II. The investigation included 1826 individuals,
965 males and 859 females, all of them from 20 to 50 years of age. The data were proces-
sed by the variation statistical method, for males and females separately. Higher hetero-
geneity was observed for the male population, where the immigrants had higher values for
all morphological characteristics. The females were much more homogeneous since no stati-
stical difference could be found for any of the investigated characteristics.

KEY WORDS: arm length, body height, body mass, chest circumference, immigrants,
indigenous, leg length, native origin, Srem, vital capacity of lungs

INTRODUCTION

It is well-known that the forming of anthropological characteristics is in-
fluenced by both genetic and environmental factors. Their joint influence de-
termines the development of an organism and its anthropological characteris-
tics. These factors make up the structure of a certain human population. Beca-
use of the variability of environmental factors, it is necessary to provide data
about anthropological characteristics for every region, even for individual
towns and villages.

Historically, the region of Srem has been a scene of dramatic events that
led to the disappearance of old populations and the appearance of completely
new ones. The region had been originally inhabited by the Agatirs tribe, the
earliest known inhabitants of the Vojvodina Province, then by the Illyric tribes
of Amantins and Breuts, Dacians, Thracians and Celts, which were either sub-
jugated or expelled by the Romans. During the great migration of peoples, a

55



large number of peoples either passed through or temporarily settled and ruled
the area, to either leave or disappear altogether. However, it is certain that tra-
ces of these peoples have been preserved „in the toponymy and blood of the
peoples in the countries where they used to live". In the 6th century Slavs mi-
grated to this part of Pannonia, and in the 10th century Hungarians settled in
the areas north of Srem (P o p o v i ã , 1990).

The people that populated the region differed in geographic origin, ethnic
structure and bioanthropological aspects. The Turkish invasion caused massive
migrations. The Serbs intensively populated the territory of Srem and it is
through these migrations that Srem acquired its permanent Serbian ethnic char-
acter. For several decades they lived in temporary dwellings. In mid 18th cen-
tury they settled in villages which, for the most part, have survived until to-
day. „This migration created the demographic basis which has remained until
today" (Ã u r å i ã , 1980).

Until the beginning of the 20th century the state and landowners moved in
settlers belonging to several ethnic groups, which created ethnic variety in the
area. Croats, together with Shoktsi and Bunievci as subgroups, had populated
Srem during the Turkish rule. Hungarians moved to the area later, in the 18th

century, after the Turks withdrew from Srem. From mid 18th century onwards,
together with Hungarians, Slovakians first settled in the regions of Banat and
Baåka, but were later resettled in Srem for the reasons of commerce. Rutheni-
ans that inhabited Baåka since the 18th century moved later on to other areas,
primarily to Srem.

The following events caused marked demographic changes in the 20th

century: the World War I, the land reform and organized resettlement between
the two wars, the World War II, the land reform and organized resettlement
after the World War II. Apart from the migrations caused by warfare and re-
settlement programs, people spontaneously migrated to this region throughout
this period. Large economic changes and urbanization were also important de-
mographic factors (Ã u r å i ã , 1980).

P o p o v i ã (1990) interestingly notes that Srem, due to its special geo-
graphic position, has always been in the way of every migration of Serbs and
that thus its population represents in miniature almost all segments of the Ser-
bian people. He points out that the inhabitants of the areas along the Sava Ri-
ver (Posavina) and on the Fruška Gora Mountain originate mostly from Serbia,
whereas the population along the left bank of the Danube River originally co-
mes from western and northern parts of the former Yugoslavia.

Literature provides data on the morphological and other anthropological
characteristics of the population that formerly lived in Srem. However, those
were more descriptive observations of the physical appearance of the people,
without conclusions made on the basis of exact measurements. P o p o v i ã
(1990) says that Proto-Slavs were „tall, red-haired and very strong" and that
they differed among themselves. He also quotes the physician M a r i k o v -
s k i from 1767, who described the inhabitants of Srem as tall, dark-eyed,
black-haired, temperamental, and mostly of sanguine-choleric disposition. An-
other physician, doctor K i t l , wrote in 1795 that the people of Srem were of
a rather strong and tall build, dark complexion and usually black hair, and that
fat people were quite uncommon.
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V l a h o v i ã (1994) points out that in the 12th century Hungarians had
possessed the biophysical and anthropological characteristics typical of their
Mongolian origin, but they lost them in the course of centuries, through inter-
marriage with other peoples, especially Slavs, acquiring their present appearan-
ce from Slavs.

Research into the bioanthropological characteristics of the adult popula-
tion of the Vojvodina Province until 1976 was done on the basis of native and
ethnic origin and mostly in the male population (G a v r i l o v i ã 1960, 1961,
1962a,b, 1963, 1964). B o ÿ i ã (1976) studied the anthropological characteris-
tics of adult inhabitants of the Vojvodina Province, above 20 years of age, of
both sexes, both immigrant and indigenous. It was found that the immigrants
of both sexes were on average taller than the natives. G a v r i l o v i ã (1978),
studying the adult population of the region of the Fruška Gora Mountain, of
both sexes, aged 18—90, found that they were mostly of tall stature and that
there was a larger proportion of very tall people among the immigrants than
among the natives. The mean values of the Rohrer index were higher in the
indigenous population of all age groups, with slightly smaller differences in
the females. The research into 40 morpho-physiological and biotypological in-
dicators in adult and elderly persons gave an insight into the change of anthro-
pological characteristics during the process of ageing (G a v r i l o v i ã and
B o ÿ i ã - K r s t i ã , 1981).

The object of this paper was to determine the basic anthropological char-
acteristics of the population of Srem, natives and immigrants from various
parts of Yugoslavia who settled in the Vojvodina Province after the World
Wars I and II.

MATERIAL AND METHOD

In the summer of 1995 an anthropological research was carried out on the
population of Srem aged 20—50. The research was done on the basis of IBP,
in 21 settlements situated evenly over the entire territory of Srem. The investi-
gation included 1824 persons; 965 males and 859 females. The data were pro-
cessed by the variation statistical method for both the immigrant and indigeno-
us populations, separately for each sex. The basic statistical indicators calcula-
ted were: the mean value (X), minimum (MIN) and maximum (MAX) values,
standard deviation (STD), variance (VAR), variability coefficient (VC) and
random error (RE). Differences between the examined characteristics were de-
termined by the univariate analysis of variance. The degree of differentiation
of the population was compared by the intraclass correlation coefficient (rI)
( S o k a l and R o h l f , 1969). It is necessary to point out that the research
was carried out during the civil war in the former Yugoslavia that resulted in
an intensive influx of refugees. The refugee population, however, was not in-
cluded in the research. The results give an accurate picture of the bioanthropo-
logical characteristics of the autochthonous population that had lived in Srem
before the beginning of the latest war.
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RESULTS

The results of the statistical analysis of the immigrant and indigenous po-
pulations of both sexes are given in Table 1.

Tab. 1. — The results of the statistical analysis of the immigrant and indigenous population of
both sexes

Distribution of anthropometric characteristics according to native origin

Males — indigenous

Value N x Min. Max. STD VAR VC (%) RE

Age 36 years

Stature 675 172.85 149.2 194.0 6.72 45.12 3.89 0.26

Leg length 675 99.13 74.4 115.8 5.52 30.51 5.57 0.21

Arm length 675 75.25 64.7 97.6 3.77 14.22 5.01 0.15

Body mass 675 80.40 50.0 149.0 14.27 203.58 17.75 0.55

Chest circumference 675 101.89 79.0 150.0 9.04 81.66 8.87 0.35

Vital capacity 674 3489.91 1100.0 6600.0 763.26 582569 21.87 29.4

Males — immigrants

Value N x Min. Max. STD VAR VC (%) RE

Age 36 years

Stature 290 175.31 157.2 197.0 7.11 50.5 4.05 0.42

Leg length 290 100.91 86.0 114.0 5.35 28.60 5.30 0.31

Arm length 290 76.39 65.8 87.5 3.62 13.11 4.74 0.21

Body mass 290 82.37 56.0 135.0 14.14 199.88 17.16 0.83

Chest circumference 290 102.47 85.0 133.0 8.76 76.8 8.55 0.51

Vital capacity 290 3583.79 1500.0 6300.0 806.2 649979 22.50 47.34

Females — indigenous

Value N x Min. Max. STD VAR VC (%) RE

Age 34 years

Stature 545 160.26 142.0 179.0 5.99 35.95 3.74 0.26

Leg length 545 95.23 72.7 110.0 4.72 22.23 4.95 0.20

Arm length 545 68.94 59.0 86.0 3.36 11.32 4.88 0.14

Body mass 545 66.32 42.0 135.0 13.16 173.3 19.85 0.56

Chest circumference 545 92.59 70.0 127.0 9.376 87.9 10.13 0.40

Vital capacity 544 2304.78 1000.0 4000.0 544.74 296742 23.64 23.36

Females — immigrants

Value N x Min. Max. STD VAR VC (%) RE

Age 35 years

Stature 314 160.87 139.0 184.8 6.18 38.2 3.84 0.35

Leg length 314 95.67 80.0 110.5 4.61 21.27 4.82 0.26

Arm length 314 69.02 60.6 83.0 3.43 11.796 4.98 0.19

Body mass 314 66.18 44.0 107.0 12.09 146.07 18.26 0.68

Chest circumference 314 92.74 74.0 128.0 9.22 85.09 9.95 0.52

Vital capacity 314 2292.99 1000.0 4000.0 559.1 312626 24.38 31.55
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The table shows that both groups of specimens are nearly of the same
age. The immigrants have taller average stature (175.31 cm) than the natives
(172.85 cm). The minimum value of stature was recorded in the indigenous
population (149.2 cm) and the maximum in the immigrants (197.0 cm). The
latter group is characterized by higher values of all other characteristics and
the differences are statistically significant for the stature and leg and arm
lengths. Body mass, chest circumference and vital capacity are also greater in
the immigrants but the differences are not statistically significant. With fema-
les there is no difference between the average stature of the indigenous popu-
lation (160.26 cm) and the immigrants (160.87 cm).

Tab. 2. — Analysis of variance according to native origin

Males

Stature Leg length Arm length Body mass Chest
circumference

Vital
capacity

F0 23.83 19.44 16.65 3.167 0.762 2.436

rI 0.0557 0.0455 0.039 0.0056 –0.0006 0.0037

P 1.2E-6 1.2E-5 4.9E-5 0.075 0.383 0.119

P = 0.01 F = 6.663 P = 0.05 F = 3.852

Females

F0 2.0402 1.898 0.073 0.0714 0.0024 0.273

rI 0.0077 0.0067 –0.007 –0.007 –0.0075 –0.0055

P 0.1536 0.1687 0.787 0.789 0.961 0.601

P = 0.01 F = 6.665 P = 0.05 F = 3.853

The examined female groups are uniform for the observed characteristics.
Slightly higher values of all longitudinal characteristics are observed in the im-
migrants and higher values of body mass, chest circumference and vital capac-
ity in the indigenous population.

The average values of the intraclass correlation coefficient are higher
with the males (0.0248) than with the females (—0.0021), which is an indica-
tion of considerably higher heterogeneity of the examined characteristics in the
males.

DISCUSSION

The analysis of the results showed that the immigrants of both sexes are
of taller stature than the natives. The difference is quite significant with the
males (2.46 cm), whereas it is negligible with the females (0.61 cm). These
findings are in accordance with earlier studies of the population of the Vojvo-
dina Province (B o ÿ i ã , 1976, G a v r i l o v i ã , 1978). It was observed that
those inhabitants of the Vojvodina Province who were resettled in the area ha-
ve taller stature than the indigenous population. This can be explained by the
fact that the majority of them came to Srem from the mountainous areas of
Bosnia, Herzegovina and Lika, regions where the population is characterized
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by tall stature. When these results were compared with the results of an earlier
research (B o ÿ i ã , 1976), acceleration in the stature values was observed. In
the immigrant category it was 2.72 cm for the males and 1.8 cm for the fema-
les, and in the indigenous category it was 4.46 cm and 4.35 cm for the males
and females, respectively. It is interesting to note that the natives of both sexes
have a somewhat greater acceleration of the stature values than the immi-
grants, which confirms the opinion of some anthropologists that acceleration is
larger in the groups of smaller stature.

As with stature, the immigrants of both sexes had greater leg length than
the indigenous specimens. The difference is statistically significant only in the
males whereas with females it is minor and statistically insignificant. The im-
migrants of both sexes had longer arms than the natives. This was to be ex-
pected considering the fact that the arm length is a longitudinal characteristic,
which is highly correlated with the stature and leg length, for which it has al-
ready been said that it is greater within the immigrant category. With the ma-
les these differences are somewhat larger and statistically significant, whereas
with the females the differences are insignificant. G a v r i l o v i ã (1978) also
found larger differences in the arm length between these two groups.

The male immigrants had larger body mass than the natives, and the fe-
male natives had larger body mass than the female immigrants, but these dif-
ferences are not statistically significant. G a v r i l o v i ã (1978) too points out
a great discrepancy in body mass between immigrants and natives. In the pres-
ent population of Srem there are no relevant differences in body mass between
these two groups, which indicates that the immigrants have become adapted to
the new environment.

Chest circumference of both sexes is somewhat greater in the immigrants
but the variance analysis showed no relevant differences between the two gro-
ups.

As to vital capacity, higher values were observed in the male immigrants
(3583.79 ml) and in the female natives (2304.78 ml). Statistically significant
differences were not observed, which is consistent with an earlier research
( G a v r i l o v i ã , 1978).

The mean values of the intraclass correlation coefficient (males rI =
0.0248; females rI = 0.0021) suggest greater heterogeneity in the males, which
has been noted in earlier studies (P a v l i c a et al., 1998, 1999).

CONCLUSION

On the basis of the data presented above, it can be concluded that the
male immigrants exhibited higher values of all characteristics and the differen-
ces were especially significant with the longitudinal characteristics. The two
groups of females were not considerably different in any of the characteristics,
which suggests their greater harmoniousness and eco-stability.

The research showed that both groups of the population of Srem were of
tall stature and strong build. Acceleration is evident and it is interesting that it
is greater with the indigenous population than with the immigrants. In compar-
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ison with the research by doctor M a r i k o v s k i (1767) and K i t l (1795),
the present population has similar characteristics, with acceleration, the pheno-
menon present in the whole world.
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Rezime

U radu je izneta biometrijska analiza morfološko-fizioloških osobina
(visine tela, duÿine noge, duÿine ruke, mase tela, obima grudnog koša i vi-
talnog kapaciteta pluãa) odraslog stanovništva u Sremu, starosedelaca i do-
seqenika nastawenih u Vojvodini posle ¡ i ¡¡ svetskog rata iz drugih krajeva
Jugoslavije. Istraÿivawem je obuhvaãeno 1824 osobe, i to 965 muškaraca i 859
ÿena, starosti od 20 do 50 godina. Podaci su obraðeni varijaciono-statistiå-
kom metodom, posebno za svaki pol. Utvrðena je veãa heterogenost kod muškog
pola, gde su doseqenici imali veãe vrednosti za sve morfološke karakteri-
stike. Statistiåki znaåajna razlika ispitivanih karakteristika kod ÿena nije
uoåena, što ukazuje na wihovu homogenost.
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THE INFLUENCE OF THE PULSATING
ELECTROMAGNETIC FIELD (PEMF) ON POSTOPERATIVE

BLEEDING AND PAIN AFTER THE MWFO

ABSTRACT: Postoperative pain and postoperative bleeding are expected side effects
after modified Widmann flap operation (MWFO). Such operation is performed as a radical
solution for Parodonthopatia, which includes surgical implantation of hydroxylapatit in
infrabony periodontal defects. Two groups of patients were monitored, the experimental (E)
and the control (C) group. The objective of this study was to compare the pain intensity and
postoperative bleeding in patients who were and who were not treated by the pulsating elec-
tromagnetic field (PEMF). The treatment was performed immediately after the operation
and lasted for 30 minutes. Next day after the operation, the patients were requested to fill in
the questionnaire about the pain intensity and postoperative bleeding. As reported by the pa-
tients from the E group, the PEMF treatment had an analgesic effect. The pain was reported
to be weaker and more tolerable than in the C group. No postoperative bleeding was repor-
ted either by the patients from the E or C group.

KEY WORDS: Parodonthopatia, PEMF, pain, bleeding

INTRODUCTION

Pain (dolor) is a subjective feeling which is manifested as physical distur-
bance of different intensity and character. Pain receptors are represented by
nerve ends, particularly the ones located in clusters in mouth cavity. The pain
in mouth cavity is most often the result of injuries, dental diseases, soft tissue
diseases, disturbed functions, but also the consequence of stomatological inter-
ventions, oral surgery and periodontal operations. As explained in (1), in the
case of the described operation, no particular irritations are present. More
likely the pain was provoked by the release of the tissue hormones, which, in
turn, affected the nerve ends.
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Surgical treatment of periodontal disease, modified Widmann flap opera-
tion (MWFO), is followed by postoperative pain and bleeding of different in-
tensity.

Beneficial effects of the PEMF in human medicine were reported before
(2, 3, 4). Pain reduction by the PEMF was reported earlier by the authors from
different medical domains. For instance, Jacobson (5) treated his patients with
8Hz PEMF and found significant pain decrease in patients suffering from knee
and elbow osteoartrit. At the end of the treatment, 80% of his patients reported
a complete lack of pain.

Analgesic effect of the PEMF treatment is not completely explained. This
non-invasive treatment is believed to activate enzyme systems and enzyme
synthesis. A direct anti-inflammatory effect is also possible. As described by
Patinjo (8) similar anti-inflammatory effects were achieved by the PEMF and
indomethacin (non-steroid antirheumatic with anti-inflammatory and analgesic
activity). The results of the therapies were measured objectively, as the levels
of Prostaglandin E2 were monitored. Patinjo concluded that the PEMF therapy
seems more beneficial for the patients, as the side effects of indomethacin (ga-
strointestinal problems, leukopenia, agranulocitosis, etc.) were avoided.

The PEMF effect on DNK synthesis was proved by L i b o f f et al.
(1984). Improved protein synthesis was shown by many authors: C o s s a -
r i z z a et al. (1993), G o o d m a n et al. (1983, 1987), G o o d m a n and
H e n d e r s o n (1988), M u r r a z and F a r n d a l e (1984). A PEMF increa-
sed level of inozitol-triphosphate was reported by K o r z h - S l e p t o s o v a
et al. (1995). Intracellular calcium oscillations provoked by PEMF were repor-
ted by L i n d s t r o m et al. (1993, 1995).

The effect of an increased osteogenesys was reported in many papers (6,
9, 10).

This study was performed having on mind all possible beneficial effects
of the PEMF therapy. The objective was to increase the cells metabolism and
sanation of the wounds caused by the MWFO. Possible complications of this
therapy were expected in a form of increased bleeding, due to increased blood
circulation and lower blood viscosity. Because of that, special attention was
paid to postoperative bleeding.

MATERIALS AND METHODS

The research was performed on Cathedra for Oral Diseases and periodon-
tology, in Department of Stomatology. The explored patients were suffering of
fully developed periodontal disease, with deep infabony defects. Two groups
were formed of healthy volunteers, aged 25 to 60. Each group consisted of 10
patients who were chosen randomly. All the patients were prepared for the re-
search, which included: positive motivation, plaque identification and removal,
good oral hygiene education, correction of nonadequate fillings, correction of
occlusion and articulation. At the beginning of the operation hard and soft tis-
sue deformities were corrected and rinsed with physiological solution. During

64



the MWFO hydroxylapatit (Osprovit) was inserted into infabony defects. After
the intervention, the wound was closed with stitches and covered by sterile
compress to prevent bleeding. This was necessary to provide certain tooth im-
mobilization and prevent plaque formation.

Immediately after the MWFO, the patients from the E group were ex-
posed to the PEMF, and the patients from the C group were sham exposed.
The exposure lasted for 30 minutes. The PEMF was generated by micropro-
cessor controlled device. The pulses were 70 s wide. Peak intensity was 5 mT.
The repetition rate was 30 per second. The applicator was made in a shape of
saddle-like coil and was placed externally, on the top of the affected region.

Bleeding and the pain intensity were reported subjectively by the patients.
The patients were asked to report on peak pain intensity, which, in most cases
occurred 6 hours after the MWFO. The patients were asked to comment on
bleeding and mark the intensity of their pain on an analog scale, illustrated in
Figure 1.

RESULTS

All patients, from both groups, filled the questionnaire. No patient repor-
ted any bleeding. The results of their estimation of postoperative pain are illu-
strated in Table 1 and Graph 1.

Tab. 1. — Postoperative pain 6 hours after the MWFO

The experimental group E Control group C

Average pain reported 1.4 ± 0.2 Average pain reported 2.9 ± 0.9

The results of this study showed that:
— Patients from the E group, who were exposed to PEMF immediately

after the MWFO, had weaker and more tolerable pain than the patients from
the C group.
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— Vasodilatation and lower viscosity of blood, provoked by the PEMF
treatment, did not cause bleeding. Bleeding was not reported either in the E or
C group.

— More investigations are needed and greater number of patients is nee-
ded in order to make any final conclusion about the PEMF treatment after the
MWFO. Initial results seem promising, particularly for the patients who do not
tolerate chemical analgetics.
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UTICAJ PULSIRAJUÃEG ELEKTROMAGNETSKOG POQA (PEMP) NA
POSTOPERATIVNO KRVAREWE I BOL NAKON MWRO

Ðorðe M. Tešiã1, Milanko M. Ðuriã1, Neda M. Pekariã-Nað2

1 Medicinski fakultet, Klinika za stomatologiju,
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Rezime

U radu su praãeni postoperativni bol i postoperativno krvarewe do kojeg
moÿe doãi nakon operativnog tretmana parodontopatije, poznatog kao modifi-
kovana Widmann reÿaw operacija (MWRO). U ispitivawu su poreðeni posto-
jawe i intenzitet bola i postoperativnog krvarewa kod pacijenata koji su bili
izloÿeni dejstvu pulsirajuãeg elektromagnetskog poqa (PEMP) neposredno na-
kon operacije u trajawu od 30 minuta u odnosu na grupu pacijenata koja nije bi-
la izlagana ovom tretmanu. Svi pacijenti su na kontrolnom pregledu anketira-
ni o ovim tegobama. Na osnovu dobijenih odgovora moÿemo zakquåiti da je
ispoqen analgetski efekat PEMP-a: izlagani pacijenti su subjektivno imali
slabiji postoperativni bol od neizlaganih. Postoperativno krvarewe se nije
javilo ni kod jednog pacijenta iz obeju grupa.
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INVESTIGATION OF DIPLURA AND PROTURA
IN WESTERN SERBIA

ABSTRACT: We have collected 380 individuals from terrestrial material, 150 from
the order Diplura and 230 from the order Protura (Insecta). The individuals of Diplura be-
longed to thirteen (13) species, of Protura to ten (10) species. Podocampa serbica was the
most common Diplura species, Eosentomon transitorium the most common Protura species.
Among the Diplura species, Japyx solifugus was found for the first time in the fauna of
Yugoslavia (Serbia and Montenegro). Three new Protura species were also found, Gracilen-
tulus gracilis, Gracilentulus meridionalis and Hesperentomon carpaticum. Soil samples
were taken from meadows but mostly from the litter of deciduous forests.

KEY WORDS: Insecta, Diplura, Protura, distribution, Serbia

INTRODUCTION

The fauna of Diplura and Protura, groups of primitive wingless insects,
have been investigated in Western Serbia. It was the first investigation of this
kind on the territory of Serbia. The insects were typically found in moist soils,
where they searched for food. Diplura (Campodaidae) mostly fed on detritus,
but some of them preyed for food. The species from the family Japygidae
were exclusively predators. The Diplura may thus be considered as omnivoro-
us. The Protura were smaller (about 2 mm) than the Diplura (about 5—10
mm, in some cases longer).

MATERIAL AND METHODS

Soil samples were taken from the 20 km perimeter around the town of �
Åaåak, located about 150 km southwest of Belgrade. They were taken in 20
locations, mostly from the soil litter of mixed deciduous forests and from
meadows. The soil samples, taken from the depth of 0—10 cm, had the di-
mensions 15 x 15 x 10 cm.
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Three hundred eighty individuals were separated from the samples in the
conventional way. The Diplura individuals belonged to thirteen (13) species,
the Protura individuals to ten (10).

Toto-microslides were used for the determination of insects. Classifica-
tion was done according to C o n d é (1956), I o n e s c u (1955), N o s e k
(1973), P a c l t (1957) and P á g e s (1953).

The materials mounted on slides are kept at the Faculty of Natural Scien-
ces, University of Kragujevac.

RESULTS AND DISCUSSION

The article supplies data for twenty-one (21) species. These information
are important for the distribution and zoogeographic studies on the Balkans as
well as the entire Europe.

Order: DIPLURA
Suborder: RHABDURA C o o k , 1896
emend P a g e s , 1959
Family: Campodeidae L u b b o c k , 1873
Genus: Campodea W e s t w o o d , 1842
Subgenus: Campodea W e s t w o o d , 1842
emend S i l v e s t r i , 1932

1. Campodea (Campodea) colladoi (S i l v e s t r i , 1932)
Syn.: Campodea ilixonis D e n i s , 1932
In the litter of mixed deciduous forest: June 24, 1990 (Riðage, about 4

km W of Åaåak) 1 male.
Body length of about 2.8 mm, the number of segments of the antenna

21—22.
Distribution — Spain, France, Germany, Romania, Yugoslavia (Serbia —

K a r a m a n and B l e s i ã , 1984)

2. Campodea (Campodea) posterior (S i l v e s t r i , 1932)
Syn.: Campodea (Campodea) posterior W y g o d z i n s k y , 1944
In the soil of hilly meadow: May 20, 1990 (Vavedenje Monastery, about

6 km W of Åaåak, along the river W. Morava) 1 male, 1 female and 1 larva.
Body length about 2.7 mm, the number of segments of the antenna

18—20.
Distribution — Spain

3. Campodea (Campodea) sillvestrii B a g n a l l , 1918
In the soil of:
— valley meadow: April 25, 1990 (Pridvorica, about 6 km W of Åaåak)

3 males and 5 females; May 20, 1990 (Meðuvršje, about 10 km NW of Åa-
åak) 5 males and 6 females.
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— hilly meadow: May 20, 1990 (Vavedenje Monastery, about 6 km W
of Åaåak, along the river W. Morava) 6 males and 2 females; June 10, 1992
(Konjeviãi, about 3 km E of Åaåak) 1 larva; October 6, 1992 (Šebeãi, about 3
km NE of Åaåak) 1 male; March 1993 (Miliãevci, about 10 km NW of Åaåak)
1 female.

Body length about 3.5 mm, the number of segments of the antenna
14—25.

Distribution — Europe

4. Campodea (Campodea) wallacei B a g n a l l , 1918
In the soil of:
— valley meadow: July 1993 (Miliãevci, about 10 km NW of Åaåak) 1

male and 1 larva.
— hilly meadow: April 1993 (on the Jelica Mountain, at the altitude be-

tween 400 and 500 m, S of Åaåak) 2 females; June 1993 (Miliãevci, about 10
km NW of Åaåak) 1 larva; June 1993 (Drenova, about 9 km NW of Åaåak) 1
male and 1 larva.

Body length about 5.5 mm, the number of segments of the antenna
20—29.

Distribution — Great Britain, Sweden, France, Romania, Yugoslavia (Ser-
bia and Montenegro), Republic Macedonia (B l e s i ã , 1997; 1998)

Subgenus: Dicampa S i l v e s t r i 1932

5. Campodea (Dicampa) campestre I o n e s c u , 1955
In the litter of:
— mixed deciduous forest: April 15, 1990 (Markovica, about 9 km SW

of Åaåak) 1 male and 1 female; June 24, 1990 (Riðage, about 4 km W of Åa-
åak) 2 males; October 6, 1992 (Ljubiã, about 1 km N of Åaåak) 1 female and
1 larva; October 1992 (Rakova, about 10 km N of Åaåak) 1 larva and (Sokoli-
ãi, about 10 km NW of Åaåak) 1 female.

— hornbeam trees: May 6, 1990 (Vidova, about 6 km NW of Åaåak) 1
male.

— oak forest: April 25, 1990 (Åaåak) 1 male; May 20, 1990 (Vavedenje
Monastery, about 6 km W of Åaåak, along the river W. Morava) 1 female; Ju-
ne 24, 1990 (Riðage, about 4 km W of Åaåak) 4 males, 5 females and 1 larva;
June 1992 (Ljubiã, about 1 km NW of Åaåak) 1 larva; July 25, 1992 (Sokoli-
ãi, about 10 km NW of Åaåak) 1 larva; May 1993 (on the Jelica Mountain, at
the altitude between 400 and 500 m, S of Åaåak) 2 females; May 1993 (Ro-
ÿanj, 20 km N of Åaåak) 1 larva; June 1993 (Drenova, about 9 km NW of Åa-
åak) 2 females.

— oak and fir trees: June 1993 (Klik, about 10 km NW of Åaåak) 1 fe-
male.

— conifer trees: June 1993 (Miliãevci, about 10 km NW of Åaåak) 1 larva.
In the soil of:
— valley meadow: April 25, 1990 (Åaåak) 1 male; June 1993 (Klik, abo-

ut 10 km NW of Åaåak) 2 males, 2 females and 1 larva.
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— hilly meadow: May 1993 (on the Jelica Mountain, at the altitude be-
tween 400 and 500 m, S of Åaåak) 1 female; June, 1993 (Miliãevci, about 10
km NW from Åaåak) 1 female; August 1993 (Drenova, about 9 km NW of
Åaåak) 1 female.

Body length about 3.6 mm, the number of segments of the antenna
23—25, the number of segments of the cercus 11.

Distribution: Europe

6. Campodea (Dicampa) frenata S i l v e s t r i , 1931
In the litter of:
— elm trees: June 24, 1990 (Riðage, about 4 km W of Åaåak) 1 male

and 1 female; July 25, 1992 (Brðani, about 15 km NE from Åaåak) 1 larva;
June 1993 (Drenova, about 9 km NW of Åaåak) 1 female.

— mixed deciduous forest: October 2, 1992 (Ljubiã, about 1 km NW of
Åaåak) 1 male.

In the soil of:
— valley meadow: April 25, 1990 (Åaåak) 2 males; June 1993 (Klik,

about 10 km NW of Åaåak) 3 larvae.
— hilly meadow: May 6, 1990 (Vidova, about 6 km NW of Åaåak) 1 fe-

male.
Body length about 4.5 mm, the number of segments of the antenna

18—26.
Distribution: Bulgaria, Romania, Czech Republic, Slovakia, Yugoslavia,

Republic Macedonia (B l e s i ã , 1993, 1997).

7. Capodea (Dicampa) malpighii S i l v e s t r i , 1912
In the soil of:
— hilly meadow: May 6, 1990 (Vidova, about 6 km NW of Åaåak) 2

males, 1 female and 5 larvae; June 24, 1990 (Riðage, about 4 km W of Åaåak)
1 male and 1 female.

Body length about 2.7—3 mm, the number of segments of the antenna
16—26, the number of segments of the cercus 9—15.

Distribution: Spain, Italy, Romania, Poland, Czech Republic, Yugoslavia
(Serbia — B l e s i ã , 1993)

8. Podocampa serbica K a r a m a n and B l e s i ã , 1983
In the litter of:
— oak forest: May 6, 1990 (Vidova, about 6 km NW of Åaåak) 1 male;

May 1992 (Ljubiã, about 1 km NW of Åaåak) 1 larva; July 1992 (Sokoliãi,
about 10 km NW of Åaåak) 1 female; April 1993 (on the Jelica Mountain, at
the altitude between 400 and 500 m, S from Åaåak) 1 female; June 1993 (Dre-
nova, about 9 km NW of Åaåak) 2 females; September 7, 1993 (Miliãevci,
about 10 km NW of Åaåak) 1 female and 2 larvae.

— mixed deciduous forest: May 1992 (Ljubiã, about 1 km NW of Åa-
åak) 1 male and 1 female; July 1992 (Preljina, about 5 km NW of Åaåak) 1
larva.
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— conifer trees: June 1993 (Miliãevci, about 10 km NW of Åaåak) 1 fe-
male; June 1993 (Klik, about 10 km NW of Åaåak) 2 males, 6 females and 1 ?.

— garden: April 22, 1990 (Åaåak) 2 females; May 13, 1990 (Åaåak) 6
males and 2 females.

In the soil of:
— valley meadow: June 1993 (Klik, about 10 km NW of Åaåak) 3 ma-

les, 5 females and 7 larvae; June and July 1993 (Drenova, about 9 km NW of
Åaåak) 2 females and 6 larvae; July 1993 (Miliãevci, about 10 km NW of Åa-
åak) 1 female.

— hilly meadow: June 1993 (Miliãevci, about 10 km NW of Åaåak) 2
females and 3 larvae;

June 1993 (Klik, about 10 km NW of Åaåak) 4 males, 4 females and 4
larvae; August 1993 (Drenova, about 9 km NW of Åaåak) 1 female.

Body length about 3.8 mm, the number of segments of the antenna
20—27, the number of segments of the cercus 5—12.

Distribution: Yugoslavia (Serbia — B l e s i ã , 1993).
Family: Japygidae L u b b o c k , 1873

9. Japyx sp.
In the litter of:
— hornbeam trees: April 15, 1990 (Vavedenje Monastery, about 6 km W

of Åaåak, along the river W. Morava) 1 female; May 6, 1990 (Vidova, about 6
km NW of Åaåak) 1 larva; May 20, 1990 (Preobraÿenje Monastery, about 12
km W of Åaåak) 2 larvae.

— oak forest: April 15, 1990 (Vavedenje Monastery, about 6 km W of
Åaåak, along the river W. Morava) 1 larva; April 25, 1990 (Åaåak) 1 female;
June 24, 1990 (Riðage, about 4 km W of Åaåak) 1 female and 1 larva; May
1992 (Ljubiã, about 1 km NW of Åaåak) 1 female; June 1992 (Ljubiã, about 1
km NW of Åaåak) 1 male and 1 female.

— beech forest: July 1992 (Brðani, about 15 km NE of Åaåak) 1 female;
July 1992 (Preljina, about 5 km NW of Åaåak) 1 female.

— mixed deciduous forest: April 15, 1990 (Markovica, about 9 km SW
of Åaåak) 1 male, 3 females and 1 larva; June 24, 1990 (Riðage, about 4 km
W of Åaåak) 1 female and 3 larvae; October 1992 (Ljubiã, about 1 km NW of
Åaåak) 1 larva.

— garden: April 22 and May 13, 1990 (Åaåak) 2 and 4 females, respec-
tively.

In the soil of:
— valley meadow: August 1992 (Trbušani, about 3 km NW of Åaåak) 1

larva.
— hilly meadow: June 24, 1990 (Riðage, about 4 km W of Åaåak) 3 fe-

males; May 1992 (Ljubiã, about 1 km NW of Åaåak) 1 female; September
1992 (Šebeãi, about 3 km NE of Åaåak) 1 female.

10. Catajapyx conffusus (S i l v e s t r i , 1929)
Syn.: Japyx conffusus S i l v e s t r i , 1929
In the litter of:
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— oak forest: April 1993 (on the Jelica Mountain, at the altitude be-
tween 400 and 500 m, S of Åaåak) 1 female; July and September 1993 (Mili-
ãevci, about 10 km NW of Åaåak) 1 female, 2 males and 5 larvae; June 1993
(Drenova, about 9 km NW of Åaåak) 4 females, 2 males and 1 larva.

— conifer trees: June 1993 (Miliãevci, about 10 km NW of Åaåak) 1 fe-
male and 4 larvae; June 1993 (Klik, about 10 km NW of Åaåak) 1 male and 1
female.

In the soil of hilly meadow: May 1993 (on the Jelica Mountain, at the al-
titude between 400 and 500 m, S of Åaåak) 1 larva; August 1993 (Drenova,
about 9 km NW of Åaåak) 1 female and 8 larvae.

Body length between 6—8.5 mm, the number of segments of the anten-
na 28.

Distribution: Austria, Romania, Czech Republic, Slovakia, Germany.

11. Metajapyx serratus (S t a c h , 1929)
Syn.: Japyx serratus S t a c h , 1929; Japyx braueri V e r h o e f , 1904;

Japyx sinuosus T u x e n , 1930
In the litter of:
— oak forest: October 1993 (Klik, about 10 km NW of Åaåak) 1 male.
— mixed conifer trees: August 1993 (Drenova, about 9 km NW of Åa-

åak) 1 female and 2 larvae.
Body length between 4 and 5.6 mm; the number of segments of the an-

tenna 28.
Distribution: Belgium, Germany, Switzerland, France, Yugoslavia (Mon-

tenegro) (B l e s i ã , 1998)

12. Japyx solifugus (S i l v e s t r i , 1903)
Syn.: Dicellura solifuga H o l i d a y , 1865
In the litter of:
— oak forest: June 1993 (Drenova, about 9 km NW of Åaåak) 1 male.
— mixed conifer trees: August 1993 (Drenova, about 9 km NW of Åa-

åak) 1 larva.
Body length between 8 and 10 mm, the number of segments of the anten-

na 28.
Distribution: Italy, Austria, France, Germany.

13. Protojapyx maior S i l v e s t r i , 1948
In the litter of conifer trees: June 1993 (Klik, about 10 km NW of Åaåak)

1 larva.
In the soil of hilly meadow: April 1993 (on the Jelica Mountain, at the

altitude between 400 and 500 m, S of Åaåak) 1 female and 1 larva.
Body length about 14 mm, the number of segments of the antenna from

33 to 36.
Distribution: Mediterranean region, Germany, Yugoslavia (Montenegro

— B l e s i ã , 1998).
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Order PROTURA
Family Acerentomidae S i l v e s t r i , 1907

14. Acerentulus traegardhii I o n e s c u , 1937
In the litter of:
— elm trees: May 6, 1990 (Vidova, about 6 km NW of Åaåak) 1 male;

May 20, 1990 (Preobraÿenje Monastery, about 12 km W of Åaåak) 1 female.
— oak forest: June 20, 1990 (Riðage, about 4 km W of Åaåak) 1 male

and 1 larva.
— mixed deciduous trees: May 20, 1990 (Preobraÿenje Monastery, about

12 km W of Åaåak) 2 males, 3 females and 1 larva; June 24, 1990 (Riðage,
about 4 km W of Åaåak) 3 males and 5 females.

Body length about 0.95 mm.
Distribution: Sweden, Ireland, Denmark, Germany, Belgium, Poland, Czech

Republic, Slovakia, Hungary, Romania, Spain, France, Italy, Greece, Yugosla-
via and Republic Macedonia (B l e s i ã , 1997).

15. Acerella sp.
In the litter of oak forest: June 24, 1990 (Riðage, about 4 km W of Åa-

åak) 1 male and 1 female.

16. Acerentomon sp.
In the litter of:
— hornbeam trees: May 6, 1990 (Vidova, about 6 km NW of Åaåak) 3

females; May 20, 1990 (Preobraÿenje Monastery, about 12 km W of Åaåak) 1
male and 5 females; June 20, 1990 (Riðage, about 4 km W of Åaåak) 1 male,
2 females and 1 larva.

— oak forest: June 20, 1990 (Riðage about 4 km W of Åaåak) 2 females
and 2 larvae.

In the soil:
— valley meadow: June 1990 (Riðage, about 4 km W of Åaåak) 1 female.
— hilly meadow: May 1993 (on the Jelica Mountain, at the altitude be-

tween 400 and 500m, S of Åaåak) 1 larva.

17. Acerentomon balcanicum I o n e s c u , 1993
In the litter of:
— hornbeam trees: May 1990 (Vidova, about 6 km NW of Åaåak) 3 ma-

les and 2 females; April 1990 (Åaåak) 3 females.
— oak forest: May 1990 (Vidova, about 6 km NW of Åaåak) 1 female;

May 1990 (Vavedenje Monastery, about 6 km W of Åaåak, along the river W.
Morava) 5 females and 1 male; April 1990 (Åaåak) 2 females and 2 males; Ju-
ne 1993 (Drenova, about 9 km NW of Åaåak) 1 male and 1 female.

— mixed deciduous trees: May 20, 1990 (Preobraÿenje Monastery, about
12 km W of Åaåak) 1 male.

In the soil of:
— valley meadow: May 1990 (Meðuvršje, about 10 km NW of Åaåak) 3

females and 2 males.
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— hilly meadow: May 1990 (Vavedenje Monastery, about 6 km W of
Åaåak, along the river W. Morava) 1 larva.

Body length about 1.5 mm.
Distribution: Yugoslavia and Greece (B l e s i ã , 1993).

18. Gracilentulus gracilis (B e r l e s e , 1908)
Syn.: Gracilentulus gracilis T u x e n , 1964
In the litter of:
— oak forest: April 1993 (on the Jelica Mountain, at the altitude be-

tween 400 and 500 m, S of Åaåak) 2 females and 1 male; May 1993 (Roÿanj,
about 20 km N of Åaåak) 1 female; July 1993 (Miliãevci, about 10 km NW of
Åaåak) 1 female and 1 male; October 1993 (Klik, about 10 km NW of Åaåak)
1 female.

— conifer trees: June 1993 (Miliãevci, about 10 km NW of Åaåak) 5 fe-
males and 3 males.

Body length about 1.5 mm.
Distribution: cosmopolitan (N o s e k , 1973).

19. Gracilentulus meridianus C o n d é , 1945
Syn.: Gracilentulus meridianus T u x e n , 1964
In the litter of oak forest: July 1993 (Miliãevci, about 10 km NW of Åa-

åak) 1 female; August 1993 (Drenova, about 9 km NW of Åaåak) 2 males, 4
females and 1 larva.

Body length between 1.1 and 1.3 mm.
Distribution: France and Spain (N o s e k , 1973).
Family Eosentomidae B e r l e s e , 1909

20. Eosentomon transitorium B e r l e s e , 1908
In the litter of:
— hornbeam trees: May 1990 (Vidova, about 6 km NW of Åaåak) 2 ma-

les, 1 female and 1 larva; June 1990 (Riðage, about 4 km W of Åaåak) 7 fe-
males, 2 males and 6 larvae.

— oak forest: May 1990 (Vidova, about 6 km NW of Åaåak) 1 female
and 1 larva; May 1990 (Vavedenje Monastery, about 6 km W of Åaåak, along
the river W. Morava) 1 female and 5 males; June 1990 (Riðage, about 4 km
W of Åaåak) 6 females, 8 males and 1 larva; October 1992 (Konjeviã, about 3
km E of Åaåak) 1 larva: April 1993 (on the Jelica Mountain, at the altitude
between 400 and 500 m, S of Åaåak) 1 female; May 1993 (Roÿanj, about 20
km N of Åaåak) 1 larva; September 1993 (Miliãevci, about 10 km NW of Åa-
åak) 1 female, 1 male and 1 larva; August — September 1993 (Drenova, abo-
ut 9 km NW of Åaåak) 2 males, 3 females and 1 larva; October 1993 (Klik,
about 10 km NW of Åaåak) 1 female.

— mixed deciduous trees: May 20, 1990 (Preobraÿenje Monastery, about
12 km W of Åaåak) 1 female and 3 larvae; June 1990 (Riðage, about 4 km W
of Åaåak) 11 females, 15 males and 9 larvae.

— conifer trees: June 1993 (Miliãevci, about 10 km NW of Åaåak) 1
male.
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In the soil of:
— valley meadow: May 1990 (Meðuvršje, about 10 km NW of Åaåak) 1

larva; May 1990 (Vidova, about 6 km NW of Åaåak) 1 female; June 1993
(Miliãevci, about 10 km NW of Åaåak) 1 female.

— hilly meadow: July 1993 (Miliãevci, about 10 km NW of Åaåak) 1
female, 5 males and 1 larva; May 1990 (Vidova, about 6 km NW of Åaåak) 1
female, 3 males and 1 larva; June 1993 (Miliãevci, about 10 km NW of Åa-
åak) 1 female; September (ibid) 3 females and 1 larva; August 1993 (Drenova,
about 9 km NW of Åaåak) 3 males and 1 female.

Body length between 1.3 and 1.5 mm.
Distribution: cosmopolitan (B l e s i ã , 1993, 1997 and 1998).

21. Eosentomon coiffaiti C o n d é , 1961
In the litter of:
— oak forest: June 1993 (Klik, about 10 km NW of Åaåak) 1 male;

July—August 1993 (Drenova, about 9 km NW of Åaåak) 4 males and 8 fema-
les.

— conifer trees: June 1993 (Miliãevci, about 10 km NW of Åaåak) 1 fe-
male; June 1993 (Klik, about 10 km NW of Åaåak) 1 female.

Body length about 1.3 mm.
Distribution: Maiorca (N o s e k , 1973).
Family Protentomidae E w i n g , 1936

22. Hesperntomon sp.
In the litter of:
— conifer trees: May 20, 1990 (Preobraÿenje Monastery, about 12 km W

of Åaåak) 1 female.
— mixed deciduous trees: May 20, 1990 (Preobraÿenje Monastery, about

12 km W of Åaåak) 1 female.
— valley meadow: July 1993 (Vidova, about 6 km NW of Åaåak) 1 fe-

male.
— hilly meadow: May 1990 (Vavedenje Monastery, about 6 km W of

Åaåak, along the river W. Morava) 1 female; July 1993 (Miliãevci, about 10
km NW of Åaåak) 1 larva.

23. Hesperntomon carpaticum (I o n e s c u , 1930)
Syn.: Hesperntomon carpaticum T u x e n , 1964
In the litter of oak forest: July 1993 (Drenova, about 9 km NW of Åaåak)

1 male.
Body length about 1.75 mm.
Distribution: Romania, Greece, Poland, Croatia (Dalmatia), Bosnia (C v i -

j o v i ã , 1970)

CONCLUSION

Twenty-three (23) species belonging to the orders Diplura (13) and Pro-
tura (10) were found in twenty (20) localities in the surroundings of Åaåak.
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The order Diplura was represented by two (2) families (Campodeidae
and Japygidae) and six (6) genera. The species Japyx solifugus was found for
the first time in the fauna of Yugoslavia (Serbia and Montenegro). Podocampa
serbica (with 73 individuals) was the most common and the most numerous
while the other species were fewer.

The order Protura was represented in the surroundings of Åaåak by 3 fa-
milies (Acerentomidae, Eosentomidae and Protentomidae) and 6 genera (Ace-
rentulus, Aceentomon, Acerella, Gracilentulus, Eosentomon and Hesperento-
mon). Six (6) species belonged to the family Acerentomidae, two (2) to the
family Eosentomidae and also two (2) to the family Protentomidae. Three spe-
cies were found for the first time in the fauna of Yugoslavia (Serbia and Mon-
tenegro), Gracilentulus gracilis, Gracilentulus meridionalis and Hesperento-
mon carpaticum. Eosentomon transitorium (with 117 individuals) was the
most common and the most numerous, the other species were less numerous.

This investigation provides data for further zoogeographical and ecologi-
cal studies and it broadens our knowledge of the diversity of this group of pri-
mitive wingless insects.
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ISTRAŸIVAWA DIPLURA I PROTURA U ZAPADNOJ SRBIJI

Bela F. Blesiã
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34000 Kragujevac, Jugoslavija

Rezime

Istraÿivawa u Zapadnoj Srbiji na oko 20 lokaliteta (okolina Åaåka) to-
kom nekoliko godina (u šumskim i livadskim ekosistemima) rezultirala su sa
150 jedinki Diplura i 230 jedinki Protura. Jedinke Diplura spadaju u 13 vrsta, a
Protura u 10 vrsta.

Najmnogobrojnija vrsta Diplura je bila Podocampa serbica (sa 73 jedinke) a
od Protura vrsta Eosentoman transitorium (sa 117).

Po prvi put je u fauni Jugoslavije (Srbija i Crna Gora) od Diplura usta-
novqena vrsta Japyx solifugus, a od Protura vrste: Gracilentulus gracilis, meridiona-
lis i Hesperentomon carpaticum.
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GENETIC IDENTITY OF BROWN HARE POPULATIONS
IN VOJVODINA

ABSTRACT: Low genetic variability is connected to inbreeding depression and the
loss of heterozygosity, which weakens most of the components of adaptive value of a popu-
lation, including metabolic efficiency, reproductive efficiency, disease resistance, etc. There-
fore, the main objectives of this paper are to establish genetic identity of hare (Lepus euro-
paeus P a l l a s ) populations in Vojvodina on the basis of allozyme polymorphism. Poly-
acrylamide gel (PAAG) electrophoresis was used to study variability of 12 allozyme loci.
Loci for Est-1, Est-2, Est-3, Est-4, Est-5, Est-6, Me-1 and Pgm-2 were polymorphic, posses-
sing from two to seven alleles. Genetic identity (I) of hares from Turija and Novo Miloševo
was I = 0.95, while lower values were obtained with hares from Donji Petrovac and Turija
(I = 0.91), as well as those from Donji Petrovac and Novo Miloševo (I = 0.87).

KEY WORDS: allozyme, brown hare (Lepus europaeus P a l l a s ), genetic identity

INTRODUCTION

Genetic variability within population has enormous significance for the li-
ving world. If this variability is high, possibilities exist for combining genetic
materials and developing new properties. Therefore, the basic objective of con-
servational biology is preservation of genetic variability within population
( H a r t l , 1991).

Causes of lowering the genetic variability in wild animals, in comparison
with domestic ones, are even more frequent, as the result of mating within
small populations (inbreeding depression), selective hunting for trophies, rein-
troduction, random loss of certain alleles (random genetic drift). These popula-
tions are exposed to high inbreeding level, loss of genetic biodiversity and
random fixations of non-adaptive alleles, which could bring unfavorable phe-
notype properties into population (R a n d i , 1993). In such populations, dur-

81



ing one generation, certain genes could be extinguished, and other fixed (E m -
e r y , 1986).

Genetic variability may be estimated in several ways. One of them is ba-
sed on genetic markers showing polymorphism, i.e., appearing in several mo-
lecular forms. Since enzymes are direct gene products, they can be used as ge-
netic markers in the estimation of population variability, identity and distance
within and between population, genetic exhaustion etc.

Isozymes are different molecular forms of enzymes with the same sub-
strate specification, of which every form catalyzes the same type of biochemi-
cal reaction. Each isozyme has a specific and unique role in cell physiology.
Isozymes coded by different alleles of one gene are called allozymes, which
enable rapid adaptation to environment changes. These changes are relatively
quick and they directly influence the selection.

Role of isozymes (allozymes) was emphasized by the discovery of gene-
tic polymorphism (H a r r i s , 1966). On the basis of single parameter on the
molecular level, being direct gene product, it is possible to obtain precise
quantitative data on genetic variability. Isozymes are markers for genetic activ-
ity enabling identification of biochemical phenotypes by electrophoresis met-
hod.

For all game species, especially for the hare as our autochthonous speci-
es, whose numbers are rapidly declining over the years (Š e l m i ã , 1997;
V a p a and Š e l m i ã , 1997), it is necessary to conduct genetic and popula-
tion studies in order to conserve specific genetic properties, i.e., biodiversity
preservation, since they are of permanent biological interest and an important
part of hunting economy.

Investigations of genetic diversity in wild animals, especially in hares, are
relatively rare (H a r t l et al., 1987, 1990, 1992; V a p a et al., 1994, 1995,
1997, 1999; S u c h e n t r u n k et al., 1999).

Therefore, the main objective of this paper is to establish the genetic
identity of the hare population in Vojvodina, on the basis of the allozyme
polymorphism detected by the method of PAAG electrophoresis.

MATERIAL AND METHODS

Brown hares were collected at three locations in Vojvodina: Novo Milo-
ševo, Donji Petrovac and Turija. All animals were obtained during hunts in
winter 1999, and were sexed and aged. Liver was frozen in liquid nitrogen im-
mediately after death of the animals, and stored at —20°C until electrophore-
sis. Liver was macerated at 4°C in Tris Citrate stock buffer pH 7.1 (Tris 0.8M,
citric acid 0.24M, sucrose 10%, TritonX-100 0.1%, Bromophenol Blue 0.1%),
and the ratio was 1: 10 (w/v). After centrifugation for 3 minutes at 4°C and 16
000 rpm, 1.5 to 10 �l (depending of enzyme) of clear supernatant were applied
into gel slots.

The following enzyme systems were screened:
1. Esterase (EST, E.C. 3.1.1.1)
2. Malic enzyme (ME, E.C. 1.1.1.40)
3. Phosphoglucomutase (PGM, E.C. 2.7.5.1)
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4. Octanol dehydrogenase (ODH, E.C. 1.1.1.73)
5. Superoxide dismutase (SOD, E.C. 1.15.1.1)
Vertical polyacrylamide gel (PAAG) electrophoresis was performed in

LKB system at 4°C, in Tris-Borate-EDTA buffer system pH 8.9 (0.08 TRIS,
0.0015M EDTA, 0.02M boric acid). Electrophoresis was performed in electri-
cal field at constant 300 V for 4 hours, gels were stained and fixed in 7% ace-
tic acid (V a p a et al., 1999).

Genetic identity (I), genetic distance (D), and UPGMA dendogram were
calculated according to N e i (1972).

RESULTS AND DISCUSSION

Screening for the five enzyme systems in the brown hare populations,
polymorphism was determined only in three enzymes: esterase, malic enzyme
and phosphoglucomutase. Loci for Odh-1, Odh-2, Sod-1, Pgm-1 were mono-
morphic, while loci for Est-1, Est-2, Est-3, Est-4, Est-5, Est-6, Me-1 and
Pgm-2 were polymorphic showing two to seven different alleles in different
sequences (Table 1).

Tab. 1. — Allele frequencies in the hare populations

Locus Allele
Locality and number of hares

Mean valueNovo Miloševo
6

Donji Petrovac
4

Turija
3

Est-1
a 0.83 0.75 1.0 0.86
b 0.17 0.25 0.0 0.14

Est-2

a 0.58 0.5 0.0 0.36
b 0.08 0.0 0.0 0.03
c 0.08 0.0 0.17 0.08
d 0.17 0.125 0.33 0.21
e 0.08 0.25 0.17 0.17
f 0.0 0.125 0.17 0.098
g 0.0 0.0 0.17 0.06

Est-3

a 0.08 0.0 0.0 0.027
b 0.0 0.0 0.17 0.057
c 0.0 0.125 0.0 0.042
d 0.92 0.875 0.83 0.875

Est-4
a 0.5 0.75 0.5 0.58
b 0.5 0.25 0.5 0.42

Est-5
a 0.0 1.0 0.33 0.44
b 1.0 0.0 0.67 0.56

Est-6

a 0.25 0.375 0.17 0.265
b 0.33 0.25 0.33 0.303
c 0.17 0.25 0.33 0.25
d 0.25 0.125 0.17 0.182

Me-1
a 0.83 0.75 0.67 0.75
b 0.17 0.25 0.33 0.25
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Odh-1 a 1.0 1.0 1.0 1.0
Odh-2 a 1.0 1.0 1.0 1.0
Pgm-1 a 1.0 1.0 1.0 1.0

Pgm-2
a 0.8 1.0 1.0 0.93
b 0.2 0.0 0.0 0.07

Sod-1 a 1.0 1.0 1.0 1.0

Esterases are monomers or dimers, showing high levels of polymorphism
in all six loci. Octanol dehydrogenase is a dimer controlled by two mono-
morphic loci Odh-1 and Odh-2, represented with one band on each zymogram.
The locus for malic enzyme, Me-1, showed one or two bands with different
electrophoretic mobility. Phosphoglucomutase is a monomer controlled by the
loci Pgm-1 and Pgm-2. In Pgm-1 one band was observed, in Pgm-2 one or
two bands with different migration distances. The locus for superoxide dismu-
tase was monomorphic, represented with only one band in the zymogram.

Investigating the variability of liver isozymes in Lepus europaeus from
Central Europe, H a r t l et al. (1990, 1992) found loci of the enzymes PGM
and SOD to be monomorphic. Examining the allozyme variability of natural
populations of the brown hare in Vojvodina, V a p a et al. (1999) showed that
the enzymes SOD (locus Sod-1) and PGM (locus Pgm-1) were monomorphic.
Polymorphism of loci for the enzyme systems EST-I and EST-D were found
by H a r t l et al. (1990, 1992) as well as S u c h e n t r u n k et al. (1999)
while investigating genetic identity of hare populations in Bulgaria.

Analyzing isozyme variability in various tissues of purebred and cross-
bred strains of the domestic rabbit (Oryctolagus cuniculus L.), H a r t l and
H o g e r (1986) found polymorphism for both loci, Me-1 and Me-2. Locus
Me-1 in these investigations was polymorphic, while H a r t l (1987) and
V a p a et al. (1999) found that the isozyme ME (for locus Me-1) is mono-
morphic. H a r t l et al. (1990, 1992), V a p a et al. (1994, 1999) and S u c -
h e n t r u n k et al. (1999) described the polymorphism in Pgm-2 in the same
way as it was treated in this paper.

Based on the allele frequencies at the eight polymorphic loci Nei-s values
of genetic identity (I) and distance were calculated among the hare populations
(Table 2). The value of genetic identity was higher between the hares from
Turija and Novo Miloševo 0.95, while lower values were obtained with the
hares from Donji Petrovac and Turija, I = 0.91, as well as with those from
Donji Petrovac and Novo Miloševo, I = 0.87 (Figure 1). The highest value for
genetic identity in hare populations in Vojvodina was obtained between the
populations from Despotovo and Paåir (I = 0.98) by V a p a et al. (1999).

Tab. 2. — Genetic identities (above diagonal) and genetic distance (below diagonal) in the hare
populations

Population Novo Miloševo Donji Petrovac Turija

Novo Miloševo — 0.87 0.95

Donji Petrovac 0.14 — 0.91

Turija 0.05 0.09 —
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CONCLUSION

In this paper, genetic identity was investigated in Lepus europaeus on the
basis of the polymorphism of liver tissue allozymes. A total of 13 individuals
was analyzed, originating from three locations: Turija, Novo Miloševo and
Donji Petrovac. Variability of 5 enzyme systems (EST, ME, ODH, PGM,
SOD) was investigated, being coded with 12 loci. The loci for Est-1, Est-2,
Est-3, Est-4, Est-5, Est-6, Me-1 and Pgm-2 were polymorphic, possessing from
two to seven different alleles. The highest genetic identity was found between
the individuals from Turija and Novo Miloševo, I = 0.95, somewhat lower be-
tween Turija and Donji Petrovac, I = 0.91, and the lowest between the individ-
uals from Novo Miloševo and Donji Petrovac, I = 0.87.

REFERENCES

E m e r y , A . E . H . (1986): Osnovi medicinske genetike, Poglavqe 9: „Popula-

ciona genetika i prirodna selekcija", 185—215, Savremena administra-

cija, Beograd.

H a r r i s , H . (1987): Enzyme polymorphism in man, Proc. Roy. Soc., Ser. B, 164:
298—310.

H a r t l , G . B . , H o g e r , H . (1986): Biochemical variation in purebred and cros-
sbred strains of domestic rabbits (Oryctolagus cuniculus L.), Genet. Res. Camb.,
48: 27—34.

H a r t l , G . B . (1987): Biochemical differentiation between the Wild rabbit (Orycto-
lagus cuniculus L.), the Domestic rabbit and the Brown hare (Lepus europaeus
P a l l a s ), Sonderdruck aus Z. fur Zool. Sys. und Evolutionsforsch, 25 (4):
309— 316.

H a r t l , G . B . , M a r k o w s k i , J . , K o v a c s , G . , G r i l l i t s c h , M . , W i l -
l i n g , R . (1990): Biochemical variation and differentiation in the brown hare
(Lepus europaeus) of Central Europe, Z. Saugetierkunde, 55: 186—193.

H a r t l , G . B . (1991): The influence of game management on allelic variation in
large mammals of Central Europe. In: E . R a n d i and M . S p a g n e s i
(Eds.) Atti del convegno genetica e conservazione della fauna, Vol XVIII. Istituto
nazionale di biologia della selvaggina „Alessandro Ghigi", Bologna, pp. 77—94.

H a r t l , G . B . , M a r k o w s k i , J . , S w i a t e c k i , A . , J a n i s z e w s k i ,
T . , W i l l i n g , R . (1992): Genetic diversity in the Polish brown hare Lepus

85

Fig. 1. — UPGMA dendogram summarizing the genetic identity among the hare populations



europaeus P a l l a s , 1778: Implications for conservation and management, Acta
Theriologica, 37: 15—25.

N e i , M . (1972): Genetic distance between populations, Am. Nat., 106: 283—292.
R a n d i , E . (1993): Genetica delle piccole popolazioni, Suppl. Ric. Biol. Selvaggina

XXI: 151—166.
S u c h e n t r u n k , F . , M i c h a i l o v , C . , M a r k o v , G . , H a i d e n , A . (1999):

Population genetics of brown hares Lepus europaeus: allozymic diversity at zoo-
geographical crossroads, Acta Theriologica (in press).

Š e l m i ã , V . (1997): Zec u savremenim agroekosistemima, zbornik radova

„Zec i jarebica u savremenim agroekosistemima". U: V . Š e l m i ã (Ed.)
Simpozijum iz lovstva, Novi Sad, pp. 1—19.

V a p a , Q . , R a d o v i ã , D . , V a p a , M . (1994): Isozyme polymorphism in the
hare (Lepus europaeus P a l l a s), Proceedings for Natural Sciences, Matica

srpska 86: 13—19.
V a p a , M . , V a p a , Q . , R a d o v i ã , D . (1995): Polymorphism of tissue iso-

zymes in hare (Lepus europaeus P a l l a s), Proc. XXV Congress of World
Veterinary Association, Yokohama, Japan.

V a p a , M . , V a p a , Q . , B o r o t a , J . , R a d o v i ã , D . (1997): Genetiåka

raznovrsnost u populaciji zeca (Lepus europaeus P a l l a s) u Vojvodini,

zbornik radova „Zec i jarebica u savremenim agroekosistemima". U: V .

Š e l m i ã (Ed.) Simpozijum iz lovstva, Novi Sad, pp. 172—177.
V a p a , M . , Š e l m i ã , V . (1997): Sadašwe stawe i buduãnost evropskog ze-

ca, zbornik radova „Zec i jarebica u savremenim agroekosistemima". U:

V . Š e l m i ã (Ed.) Simpozijum iz lovstva, Novi Sad, pp. 33—45.
V a p a , M . , Š e l m i ã , V . , O b r e h t , D . , V a p a , Q . (1999): Allozyme

variability of natural population of hares (Lepus europaeus P a l l a s), Procee-
dings for Natural Sciences, Matica srpska, 97: (in press).

GENETIÅKA BLISKOST U POPULACIJI ZECA VOJVODINE
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Rezime

U radu je ispitivana genetiåka bliskost populacija vrste Lepus europaeus
iz tkiva jetre. Analizirano je 13 jedinki koje potiåu sa tri lokaliteta: Turija,
Novo Miloševo i Dowi Petrovac. Ispitivana je varijabilnost 5 enzimskih
sistema (EST, ME, ODH, PGM, SOD) koji su kodirani sa 12 lokusa. Polimorf-
ni su bili lokusi Est-1, Est-2, Est-3, Est-4, Est-5, Est-6, Me-1 i Pgm-2 sa dva do
sedam alela. Najveãa genetiåka bliskost ustanovqena je izmeðu jedinki sa loka-
liteta Turija i Novo Miloševo ¡ = 0.95, nešto niÿa izmeðu Turije i Doweg
Petrovca ¡ = 0.91, a najniÿa izmeðu jedinki iz Novog Miloševa i Doweg Pe-
trovca ¡ = 0.87.
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ORIGIN, DOMESTICATION AND EXPANSION
OF DOMESTIC BUFFALO (BUBALUS BUBALIS)

IN YUGOSLAVIA

ABSTRACT: The origin and zoological characteristics of buffalo, its domestication
and expansion in the world and in Yugoslavia are presented in the paper. Buffaloes arrived
to our country from two directions, southern and northern. They were primarily used as
draft animals, then for milk production, while the meat production was secondary. It is con-
sidered that as draft animals they are stronger than oxen, and their modesty in nutrition and
capability of using poor quality feeds is specially appreciated. Under conditions of intensive
management they may yield 1800 kg of milk with high butterfat content. As draft animals
they were gradually replaced by horses, and then by tractors, which caused a decrease of
their importance in agriculture. However, elsewhere in the world, the buffalo is still indi-
spensable, specially in the regions of rice growing.

KEY WORDS: domestic buffalo, origin, characteristics, production traits

ORIGIN AND ZOOLOGICAL CHARACTERISTICS

Buffalo belongs to relatives of cattle, which means that in the zoological
order it is close to cattle in the narrowest sense, but the cattle do not originate
from it. According to M a s o n (1974) buffaloes belong to the order Artio-
dactyla, suborder Ruminantia, family Bovidae and subfamily Bovinae. Within
that subfamily B o h l k e n (1958) differentiates three groups, Bovina (cattle),
Bubalina (Asian buffalo) and Syncerina (African buffalo).

According to general appearance, the two groups of buffaloes are similar
and they clearly differentiate from cattle according to horns, which are angular
at the cross section, while those in cattle are round. However there are funda-
mental anatomical differences between the African and Asian buffaloes which
justify their separation, not into different genera, but into different groups.

The African buffalo resembles the Asian according to the straight back li-
ne, massive form and spare hairs. However in Bubalus the hairs of the median
back line between thurls and the neck are directed cranially, while in Syncerus
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they are directed normally, i.e., caudally. The Asian buffalo has relatively
smaller ears and a long narrow skull, while the African buffalo has large ears,
with a wider and shorter skull. The most important difference is in the bones
of the head. In Bubalus, the ploughshare bone (vomer) and parietal bones are
conected, and the rear opening of the nostrils is completely divided by the plo-
ughshare bone. In the Syncerus the ploughshare and the palatine are separated
and the opening of the posterior nares is not divided by the vomer. Differences
exist also in the bones of the temple. In the African buffalo, the frontal and
temporal bones touch each other, whereas the parietal bone and the ala tempo-
ralis of the sphenoidal bone do not touch. That latter apophysis of the Asian
buffalo is so much elongated that it touches the parietal bone and thus pre-
vents the meeting of the frontal and temporal bones.

The horns of the Asiatic buffalo have a simple form, they are shaped like
a sicle. They are thinner than those of the African buffalo and they are not
thickened at the base, which is characteristic for the African buffalo.

DOMESTICATION AND EXPANSION OF THE ASIAN BUFFALO

The utilization of the domestic buffalo in the south and southeastern Asia
is connected with rice growing, and it may be assumed that these regions were
the first places of domestication, but there is no archeological evidence for
that. The first mentions of buffaloes are found in the archeological findings of
Harappa culture in the locality of Mohenjo-Daro in Western Pakistan. A buffa-
lo by a through was presented on the steatite seals, which could point to its
domestication in the third millenium B.C.

The first certain date about the existence of buffalo in the River Jordan
valley was registered in 723 A.D. It is obvious that they were brought by
Arabs from Mesopotamia and then to Egypt, where they arrived in the seventh
century B.C. In the post Hittite layers from 12th to 7th century B.C., remains
of buffalo have been found. In the 2nd century buffaloes were often mentioned
in the Arabic poetry. The buffalo found its way to Persia in the 4th century,
and from there probably came to South Russia where its presence was confir-
med in the 5th century A.D. (B ö k ö n y i , 1974). There is no mention of the
buffalo in the ancient Greece and Rome.

It is not definitely concluded wherefrom the buffalo came to Europe, nor
is it known who brought it first. The movement of the buffalo toward the Bal-
kan Peninsula was from several directions: eastern, through Byzantium, Bulga-
ria and Greece, northern, by the invasion of Huns and Avars, and southern,
through Italy. There are no information for Slavs, who crossed the Danube Ri-
ver and settled on the Balkan Peninsula, that they bred the buffalo as domestic
animal.

The Avars took the buffaloes along from South Russia and brought them
to the Carpathian Basin in 560 A.D. and then to Italy in 596 A.D. The Lom-
bard King Agilulf has received buffaloes as a gift from the Khan of Avars in
Hungary. St Willibald, travelling to Palestine through Italy and Sicily in 723
A.D., was astonished to see buffaloes there. The Avars introduced the first

88



buffaloes to Germany, where in 874 A.D. there was a mention of a place cal-
led Buffileba (B ö k ö n y i , 1974). The Bulgarians brought the buffalo to the
Balkan Peninsula in 679 A.D. Historical documents from the time of Khan
Omortag show that in 814 A.D. he demanded two buffaloes for each Byzan-
tine prisoner of war (Z a h a r i e v , 1963). That shows that Omortag knew the
economic value of buffaloes and that in that time their breeding was develo-
ped in Byzantium. The next information of the presence of buffaloes in Bulga-
ria was found in the annals of a French historian Villehardouin, who accompa-
nied the Emperor Baldwin and his brother Henry in the crusade to Jerusalem.
In 1206 A.D. when the crusaders seized the town of Veroi, they won many
cows, oxen and buffaloes (I s h i r k o v , 1931).

With the penetration of Turks into Europe, the buffaloes started to be
bred in all areas under their power, as they are bred nowadays by the Moslems
who follow the rules of their religion refering to diet. In the invasion of the
West, the Turks utilized the buffaloes as draft animals for drawing of heavy
weapons, equipment and food. For Turkish noblemen it was prestigious to be
driven in a cart pulled by a large number of buffaloes. The most eminent of
Crimean sultans, Selim Gerej, in 1702 A.D., was driven in a cart pulled by 50
buffaloes on his way to get treatment at the Kush Bunar spring. The road was
narrow and steep, so that only buffaloes could pull the sultan's cart (T a b a -
k o v , 1911).

The Hungarians probably introduced many buffaloes into Europe, accord-
ing to data presented by B ö k ö n y i (1974). S z e n t k i r á l y (1889) menti-
ons buffaloes in Transilvania in the 11th century. In the King Bela's founda-
tion deed of Dömös Abbey (1183) the buffaloes were mentioned also. At the
end of the 12th century there was an estate in South Hungary named Biwol,
and in the documents of later centuries in the Middle Ages too the names deri-
ved from buffalo occured. Endre II, King of Hungary, presented to Serbian
King Stephen (1195—1224) horses, bisons and „Saracen buffaloes". Wladi-
slas, King of Poland, visiting Sigismund King of Hungary and Emperor of the
Holy Roman Empire in 1412, was taken ill from buffalo cheese.

B u f f o n (1958) considers that buffaloes arrived to Italy from Central
Europe through the invasion of Avars at the end of the 6th century. He also
cites monsignor Gaetani, a member of the family that had large herds of buffa-
loes in the Pontian marshes. D e v e r i u s attributed to Tunisian bey the intro-
duction of buffaloes to Italy in the 7th century, during the Arab invasion.

BUFFALOES IN YUGOSLAVIA AND NEIGHBORING COUNTRIES

From the previous presentation it was seen that the buffaloes came to Yu-
goslavia from one side through Bulgaria and Greece, and from the other side
from Hungary. There are literature data about breeding of buffaloes in this
country, although they are rather sparse. U l m a n s k i (1926) quotes that al-
ready about 1200 A.D. they were numerous in Macedonia. The monastery De-
åani had its own „bivolare" (buffalomen) who were engaged in the breeding of
buffaloes. In connection with buffaloes there are the toponyms of Bivoljak vil-
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lage, as well as Bivol Grad, which were mentioned in a charter of Emperor
Dušan issued in Hilandar in 1342 A.D. It seems that Duke Lazar was keeping
many buffaloes, and the place where they were kept is still called Bivolje.

In the statute of town Kotor there are many data concerning the organiza-
tion of the city slaughterhouse and collection of excise tax from the slaughter
of animals, where, among other species of domestic animals, buffaloes are al-
so mentioned. It was decided that every butcher must pay each evening certain
tax per head of buffalo slaughtered. By the same document it was forbidden to
keep livestock in the town, including buffaloes (K a t i ã , 1978). At the coast
and in Konavli, according to J i r e å e k (1930), the buffalo (lat. bubalus, bu-
falus) was known, the same species that in the Middle Ages was mentioned
among domestic animals in Thrace, Epirus and Bulgaria. The hides of buffalo-
es were exported to Venice. M i j a t o v i ã (1873) bear witness about it also,
quoting that in the 15th and 16th century people of Dubrovnik imported consi-
derable amounts of hides from Serbia, and one boat in 1574 A.D. bore the
load of 14,597 cattle hides, 2,999 bufalo hides and 100 bales of wool. In col-
lecting of material for agricultural history of Serbia, K o s t i ã (1921) cited
several sources speaking about breeding of buffaloes. K o n t a r i n i (1550)
on the part of Constantinople road that passes through Serbia, met a cart pul-
led by two buffaloes.

On the road between Niš and Pirot, G e r l a c h (1573) saw buffaloes al-
so. Turkish hired coachmen most often hitched buffaloes. In Turkish times,
buffalo meat was considered as unclean, and it was not consumed. B o u é
(1839) said about his entry to Skadar „we entered Skadar, having behind us
and in front of us herds of buffaloes, oxen and cows", and H a n in the „Tra-
vel through Drina and Vardar valleys" writes: „From the fields in the surroun-
dings of the town, every evening, large number of buffaloes, cows, goats, pigs
and geese are driven to town". Karaðorðe wrote to bishop Petar I on Septem-
ber 16, 1809, that in Resava he routed some Turks and captures 40 carts with
buffaloes. Describing newly liberated towns K o s t i ã (1922) stated that in
Mitrovica buffaloes were replacing oxen as well as that „travelers were cross-
ing the River Ibar by carts or by riding horses or buffaloes". In his description
of the Knjaÿevac district, M a å a j (1966) cites that some buffaloes are seen
in the very district town.

Concerning the buffalo breeding in Transylvania, a detailed description
was provided by V u n d e r l i c h (1888). In 1870 in Transylvanian districts
there were 42,176 and in 1884 75,489 buffaloes, which was contrary to ten-
dencies in the other parts of Hungary, where the Podolian breed of cattle pre-
dominated. That was explained by an exceptional modesty of buffalo nutrition
and by the quality of buffalo milk, which was specially praised by the Sac-
hsen. In their area every third milking animal was the buffalo cow. Describing
the winter feeding, the author states that „buffalo during the winter must be
satisfied with cornstalks, of which it does not consume the leaves only, but,
due to hunger, the hard parts of the stem also. At that, it is housed in the dark,
cold stable, but endures cold and hunger and at such feeding and housing,
which is astonishing, gives although small amount, but quite good milk". Buf-
falo cow yields on average 925 liters of milk, with the following average com-
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position: 80.64% water, 8.45% butterfat, 5.57% casein, 4.518% milk sugar,
and 0.845% salt. Buffalo cows allow to be milked only by persons known to
them. At the age of four they are fully developed. Average height at withers in
buffalo cows is 138 cm, and in bulls 139 cm. Completely developed buffalo
cows weigh 520 kg, bulls 540 and working oxen 590 kg. Gestation is several
weeks longer than in domestic cows. They have difficulties to become preg-
nant, which could be attributed to careless management.

For the presentation of buffalo breeding in Serbia and Macedonia, intere-
sting information were given by S a v i ã (1924) which will be presented as a
whole.

„The buffaloes are kept in sheltered marshy places along rivers and
swamps; they are not kept in hilly villages. In marshes and swampy places it
is easier to feed them, since they graze the grass in the marsh and during the
winter they eat chaff, mostly straw, cornstalks and sometimes hay and some
grains. The feed is given in somewhat higher amounts than to cattle, so that it
is easier to feed them. Male and female buffaloes achieve the mature size at
the same time as cattle. Buffalo cow gives more milk, which contains more
butterfat, and it is healthier than that of domestic cows. It is especially excel-
lent for tuberculous persons. The sour buffalo milk is so firm that it may be
cut with a knife. Buffalo milk gives an excellent, best sour milk. One liter of
buffalo milk may give 100—200 grams of butter. Good milking buffalo ani-
mal is always better accepted than milking domestic cow. The data are very
different because they depend on feeding. Well bred buffalo cow may yield
6—8 okas (1 oka = 1.28 kg) of milk. From 2.5 okas of milk, one oka of chee-
se and about 120 g of butter are obtained. From Bujanovac is reported that
good buffalo cow may give 10—15 kg of milk a day, and from it 0.5 to 1 kg
of butter and 2—5 kg of cheese are obtained. From buffalo milk, two times
more butterfat are obtained than from the domestic cow's milk.

The buffaloes are much stronger for work. They are used as working ani-
mals for 10—20 years or more. Fattened buffalo or buffalo cow are bought
not for slaughter but for work. The price of buffaloes is two times higher than
that of domestic cattle. Nobody keeps buffaloes only. The price of buffalo me-
at is by 1/4 lower' than that of beef, but it is rarely seen in the butchers shop.
The buffalo meat is less palatable although it is much fatter than beef, and pe-
ople do not consume it as ready as they do beef.

The butter of buffalo cows commands the price which is by 1/4 higher
than those of cattle and sheep butter. In towns buffalo milk is more expensive
than cow milk, by l/8 of the price. The buffalo hide is much more expensive
than that of domestic cattle. Adult buffaloes may yield 200—300—500 of lean
meat and 10% of tallow. It depends on the breed, i.e., the breed kept in the
northern parts of Kosovo yields smaller amounts of meat than the breed kept
in the vicinity of Skoplje and Gevgelia. Buffalo yields 60—70% of lean meat.
In the summer buffaloes must spend at least one hour in the mud or water,
where they lie in order to cool themselves. In the winter they have to be kept
in warm stables and during work they must be covered by a blanket over the
rump.
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In the spring, the buffaloes are shawed and all the last year's hairs from
the back, neck and a half or more of the abdomen are removed. In such way
the hide is cleaned from all impurities, because it must be well lathered with
warm water and soap before shawing.

Buffaloes need to be combed often, otherwise they are invaded by lice.
For ploughing, buffaloes are two times more endurable, and they can pull a
three times heavier load than oxen. Buffaloes are also kept in the vicinity of
towns, because they are specially suitable for waggoners, as well as because of
milk, which is more expensive. They are calmer than oxen and capable of pul-
ling heavier loads than horses. Even a child may handle buffaloes. In winter,
they are fed on straw and during the summer they graze. Buffalo milk has 6%
of fat (two times more than cow milk). With respect to butter production it do-
es not fall behind the best Swiss cow. Buffalo hides are 50% more expensive
than cattle hides.

Buffaloes are kept in the Nišavski district of Pirot area, in Barje, Åiflik of
the Rasnica community. Along the addition to Toåica river in the Dobriåki
district people keep buffaloes in cattle and they are very satisfied with them.
In the Zveåan district, a small number of owners keep buffaloes, only those
near the Ibar and Sitnica rivers. Buffaloes are prefered to domestic cattle in
the Kosovo area, because they can live on straw. The buffalo cow yields 5—6
okas per milking, from which one oka of butter, or 1.5 okas of cheese are ob-
tained (a report from Priština). A common buffalo gives about 200 okas of
meat. Buffaloes are also raised in Bujanovac and Trnavac. In the Graåanica
district, the following villages raise buffaloes: Bivoljak, Crkveno, Vodice,
Kruševac, Dobrotin, Lepina, Rajevo, all of them near the Sitnica river. They
are fed on wheat straw, pumpkins, leftovers after other livestock; otherwise,
the feed is like that for cattle. The buffalo cow gives 7—8 okas of milk and
from 5—4 okas of milk one oka of butter and one oka of skim milk cheese
are obtained. There it is easier to feed buffaloes than cattle. In Prizren, the ma-
le buffalo yields about 180 okas of meat and the female from 120 to 150 okas.
In Giljane and in Lower and Upper Morava, along the river Moravica, buffalo-
es are raised. The buffalo cow gives annually 1400—1800 okas of milk, or 70
okas of butter and 300 to 400 okas of cheese. In Djakovica, the buffalo cow
yields 8 okas of milk a day, from which 3 okas of butterfat or 5 okas of chee-
se are obtained. In Metohija, specially the Moslems (because they own the
best land) rear buffaloes near the water, in villages as well as in towns. There
are 32.000 buffaloes in our country.

For the defense of the country it is of enormous importance to maintain
buffalo breeding, because during the previous war our buffaloes pushed thro-
ugh the worst and muddiest places and roads, where oxen and horses failed".

Although the author probably collected these data by means of inquiry
while some statement about meat production or the medicinal qulity of milk
ought to be taken with reserve, this report provides ample information about
buffalo raising in the southern parts of own country at the beginning of the
20th century.

In the Vojvodina Province, buffaloes were mainly raised at large estates.
B o r o v s z k y (1921) reported that count Åekoniã presented at an exibition
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one bull, 12 females and 8 buffalo calves. Describing the estate of count Åe-
koniã in Jimbolia, P o p o v i ã (1924) states that buffaloes were used for the
heavy work of hauling and transportation of steam engines. The animals were
useful because they were giving good manure and were satisfied with low-
-quality feed. For the first time, 2 bulls and 50 female buffaloes were bought,
which served for drawing and reproduction, while the surplus was sold. In
1910 there was a total of 320 animals. From that number 134 served for draw-
ing only. In the journal „Teÿak" from 1921, 14 heifers and 16 buffalo oxen
were offered for sale from the same estate. On the estate of count Kotek in
Futog there were 18 buffaloes. J o v i å i ã (1970) quoted that in 19th century
in Bela Crkva in Banat the buffaloes were bred within the cattle „but to much
smaller extent than the true cattle, and they were used for work only".

The buffaloes were present in other estates. According to knowledge of
the author, in 1951 there were four buffaloes on the estate „Sokolac" in Novi
Beåej, and even in 1946 eight buffaloes were transferred from Åoka to Novi
Kneÿevac for agricultural estate „Spasoje Stejiã". Last buffaloes have been
seen on the agricultural estate „Zobnatica" in 1967, when 5 animals were sold
(one of which was albinic), so that it may be considered as complete disappea-
rance of that species in the Vojvodina Province.

However in recent years one farmer in Baåka Topola (Truÿinski) bought
one male and two female buffaloes in an effort to save the genetic resources
of that species.

By liberation of southern parts of Serbia, 1876—1918 the number of buf-
faloes increased in the country. D e n i ã (1898) reported that the people of
the Leskovac area raise buffalo females for work. On the basis of Statistical
Yearbook of 1904, T a r t l e r (1918) registered that the number of buffaloes
in Serbia was as follows: 1890 — 8,494, 1895 — 7,471, 1900 — 6,929, 1905
— 7,710. By presenting the economy in the Balkan countries, N e m e t h
(1913) concluded that in Sandÿak and Old Serbia there were 52,000 buffaloes.
It is interesting to compare that census with those in the neighboring countries.
So in Macedonia (part of Vardarian and Aegean Macedonia) on the eve of war
there were 101,000 buffaloes and in 1892 in Bulgaria 343,193, while in 1900
in the same country there were 431,497 buffaloes.

T a r t l e r (1918) reported about changes in the number of buffaloes in
Hungary.

Year Number according to census Export of buffaloes

1895. 132,578

1904. 157,164

1905. 162,318

1906. 158,996 7,777

1907. 166,410 4,470

1908. 186,586 6,851

1909. 182,138 17,118

In Italy, M a y m o n e (1940) reported that in 1881 there were 11,000
buffaloes, in 1909 the number was 19,000, in 1930 it was 14,000 and in 1937
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it declined to 12,000. However S a l e r n o (1974) pointed to continuous in-
crease of the number of buffaloes in that country, so that in 1970/71 it reached
55,000 animals owing to breeding for milk, introduction of modern technology
and recording of productivity, so that milk production per head achieved about
1,800 kg.

After the establishment of Kingdom of Serbs, Croats and Slovenes, the
number of buffaloes in the country, on the basis of the census of 1920, accor-
ding to F r a n g e š (1926), was as follows:

Northern Serbia 6,806

Southern Serbia 42,045

Montenegro 41

Voyvodina 1,184

Croatia and Slavonia 268

Dalmatia 50

Slovenia 1

Bosnia and Herzegovina 400

Total 50,883

The trend of the next censuses of buffaloes in the Kingdom of Yugosla-
via was presented by B e l i ã (1995):

1921 1931 1939

Number of buffaloes 51,470 40,563 38,004

Per 1 km2 0.21 0.16 0.25

Index 100 76 71

Per 100 inhabitants 0.43 0.29 0.24

About 82—84% of buffaloes were in Vardarska regional unit, and about
12.5% in Zetska regional unit, which included Kosovo and Metohia areas, as
well as Sandÿak.

By creation of new Yugoslavia, after 1944, the tendency of decrease of
number of buffaloes was expressed again, as a consequence of mechanization
of agricultural production, depopulation of villages and changes in eating hab-
its of the population.

Trend of numbers of buffaloes was as follows:

1949 1989 1990 1991

Number of buffaloes 78,000 25,000 21,000 37,000

Index 100 32 27 47

Per 100 inhabitants 0.48 0.11 0,09 0,16

Per 1 km2 0.31 0.10 0.08 0.14

Index 100 32 11 45

The republics of Serbia and Montenegro, which make the present Yugo-
slavia, in 1992 have had 19,000 buffaloes, in order that the number in 1997
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amounted 16,000 animals only. The present population of buffaloes is found
mainly in Kosovo and Metohia and in the Raška area.
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POREKLO, DOMESTIKACIJA I ŠIREWE DOMAÃEG BIVOLA
(Bubalus bubalis) U JUGOSLAVIJI

Timotej M. Åobiã
Poqoprivredni fakultet, Trg. D. Obradoviãa 8, 21000 Novi Sad

Rezime

U radu su prikazani poreklo i zoološke odlike domaãeg bivola (Bubalus
bubalis), wegova domestikacija i širewe u svetu i kod nas. Bivoli su u našu
zemqu došli iz dva pravca, juÿnog i severnog. Prvenstveno su korišãeni kao
tegleãe ÿivotiwe, zatim za proizvodwu mleka, dok je proizvodwa mesa bila se-
kundarnog karaktera. Smatra se da su kao vuåna stoka jaåi od volova, a posebno
se istiåe wihova skromnost u ishrani i moguãnosti korišãewa hrane lošijeg
kvaliteta. U uslovima intenzivnog drÿawa mogu da postignu mleånost od 1800
kg, sa visokim sadrÿajem mleåne masti. Kao zapreÿne ÿivotiwe bivoli su
zameweni najpre kowima, a zatim traktorima, što je dovelo do opadawa wi-
hovog znaåaja u poqoprivredi Evrope. Meðutim, u svetu je bivo još uvek neza-
mewiv, posebno u reonima gajewa pirinåa.
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UDC 614.23(497.1):929 Milin J.

IN MEMORIAM

Prof. dr JOSIF MILIN
(1943—2000)

Preranim odlaskom u veåni smiraj prof. dr Josifa Milina (18.
jula 2000), velikog radnika i znatiÿeqnika, nemirnog duha, u širokoj
nauånoj javnosti afirmisanog nauånika, na univerzitetima u Jugosla-
viji poznatog i posebno uvaÿenog nastavnika, i Matica srpska je osi-
romašena za jednog uglednog Stalnog ålana saradnika.

Josif Milin je roðen 14. marta 1943. godine u Beåeju, Osnovnu
školu i gimnaziju je završio u Sarajevu, a Medicinski fakultet u No-
vom Sadu 1967. godine. Nakon diplomirawa izabran je za asistenta na
Katedri za histologiju i embriologiju. Ovim izborom oznaåen je poåe-
tak intenzivnog rada na struånoj i nauånoj nadgradwi, obrazovawu dru-
gih i kompletirawu svoje nastavno-nauåne liånosti.

Odbranom magistarskog rada 1974. i doktorske disertacije 1976.
godine uvrstio se u zapaÿene histofiziologe neuroendokrinog sistema,
što je, uz obiman nauånoistraÿivaåki rad i pedagoško iskustvo, re-
zultiralo izborom u sva nastavniåka zvawa (docent 1977, vanredni pro-
fesor 1982. i redovni profesor 1987. godine).

Specijalizaciju iz ginekologije i akušerstva završio je 1978. go-
dine.

Svoje usavršavawe, obrazovawe i nadgradwu realizovao je struå-
no-nauånim boravcima i radom u Institutu za patologiju Medicinskog
fakulteta u Zagrebu, Institutu za histologiju i embriologiju u Lionu,
Institutu za biologiju Univerziteta Jyvaskyli u Finskoj, Sekciji za
neuroendokrinologiju Vajsmanovog centra Medison u SAD, Nauånom
centru u San Antoniju u SAD…

Opseÿnim istraÿivaåkim radom i stvaralaštvom nauånoj javnosti
i kritici stavio je na uvid svoja dostignuãa iskazana u sedam monogra-
fija u jugoslovenskim izdawima; osam monografija u inostranim iz-
dawima; u osam univerzitetskih uxbenika; u 23 rada u inostranim åaso-
pisima, u 27 radova u domaãim åasopisima, u 48 saopštewa na inostra-
nim nauånim skupovima i 80 na domaãim, što predstavqa zavidnu
afirmaciju wegove i naše nauåne misli.
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Prof. dr Josif Milin je, pored znaåajnog doprinosa obrazovnim
institucijama u kojima je radio u nauånom stvaralaštvu iz razliåitih
oblasti, zapaÿenu aktivnost ispoqio u mnogobrojnim struånim i nauå-
nim udruÿewima u zemqi i inostranstvu.

Svojim preranim i iznenadnim odlaskom prof. dr Josif Milin
ništa nije odneo sa sobom. Sve najlepše i najboqe ostavio je svojoj
porodici, nauåno-obrazovnim institucijama medicinskih fakulteta u
Novom Sadu, Kragujevcu, Podgorici, prirodnomatematiåkim fakulte-
tima u Novom Sadu i Podgorici, struånim i nauånim udruÿewima, kao
i Matici srpskoj. Prof. dr Josif Milin je ostavio veoma znaåajan na-
uånoistraÿivaåki opus i doprineo ugledu i afirmaciji pomenutih in-
stititucija, åime je, pored seãawa i zahvalnosti, zasluÿio posebno po-
štovawe i uvaÿavawe.

Prof. dr Dragiša Popoviã
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INSTRUCTIONS FOR AUTHORS

1. General
1.1. Proceedings for Natural Sciences accepts original works, review pa-

pers, and short communications on all subjects implied by the journal's title.
Review papers are published only at the invitation of the board of Editors. Pa-
pers already published or under consideration elsewhere cannot be accepted.

1.2. Manuscripts are accepted in English. They must be correct in terms
of grammar and style. Authors are requested to submit manuscripts in triplica-
te (original plus two copies). Authors whose native tongue is not English sho-
uld also submit a copy of the paper in the original language.

1.3. Upon receipt of a manuscript, the author will be sent the file number
of the paper. This number should be quoted in all correspondence. The Editors
will try to inform the author about the status of the paper within three months.
Each paper will be reviewed by at least two reviewers. If a paper is not accep-
ted, the manuscript will not be returned to the author.

1.4. Manuscripts submitted for publication should be sent to the Editorial
Office of Proccedings for Natural Sciences, 21000 Novi Sad, Ul. Matice srp-
ske 1, Yugoslavia.

2. Preparation of manuscript
2.1. The maunscript must be typed double space throughout (including

references, table, etc.), on A4 paper, and all margins should be kept wide (2.5
cm).

2.2. Manuscripts should be divided into sections, viz. Abstract, Key
words, Introduction, Material and/or Methods, Results, Discussion, References,
Abstract in Serbo-Croatian, Acknowledgements.

2.3. The title of the paper should contain as many relevant terms as pos-
sible, but should be limited to about 10 words.

2.4. The key words should indicate the scope of the paper. They should
be given in alphabetical order and separated by commas. Key words should
not exceed 100 characters.

2.5. The names, family names and middle names, of all authors with at
least one first name should be spelled out for each author. The affiliation of
the authors (without abbreviations) and where the contribution originated, in-
cluding complete postal addresses, should be specified.
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2.6. The abstract should be given in two languages, English and Ser-
bo-Croatian. It should be as informative as possible, and it should summarize
the contents of the paper. The former should not exceed 5% and the latter not
10% of the length of the entire manuscript. The abstract in Serbo-Croatian
should include the title of the paper, the name(s) of the author(s), and his/their
affiliation.

2.7. Acknowlegdements of financial support, advice, or other kinds of as-
sistance should be made at the end of the paper, under the heading ,,Acknowl-
edgements".

2.8. Papers should not exceed 12 typewritten pages, including references,
tables, legends, and figures.

3. References
3.1. References should be limited to those that are absolutely necessary.
3.2. References to literature should be arranged alphabetically; cite ex-

actly as follows:

a. Journal articles
Author CD, Author DC (1990) Title of article. Plant and Soil 135:

102—134.

b. Book articles
Author ED, Author SI, Author BB (1991) Title of article. In: A Blom, B.

Lindau, Eds., Title of book, Ed 3, Vol 2, Publisher, City, pp 242—255.

c. Doctoral theses, M. A. Theses and Habilitations
Author VA (1989) Title of thesis. PhD Thesis. University, City.

d. Books
Author AE (1987) Title of the book. Publishers, City, pp 237.

e. No authors or editors
Title of booklet, pamphlet, etc. (1989) Publisher of company, City.

f. Unpublished works
Cite an article as „in press" only if accepted for publication; cite the jour-

nal in which it will appear.
3.3. Journal names should be abbreviated in conformity with the Biblio-

graphic Guide for Authors and Editors (BIOSIS, Chemical Abstracts Service
and Engineering Index, Inc., 1974).

3.4. References to literature in the text should be made by mentioning the
last name of the author and the year of publication. In the case of two authors,
both should be mentioned, but with three or more only the name of the first
author plus „et al." should be given.

3.5. If an author is cited who published several papers in the same year,
add a, b, c, etc, to the year of publication, both in the text and references.

4. Illustrations
4.1. Figures are of two kinds: black-and-white photographs and drawings.

Photographs must have good contrast; line drawings must be neatly drawn,
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boldly in black ink on good quality white tracing paper. In addition to the
usual line-drawn graphs, also treat metabolic schemes, complicated formulas,
and large or complex tables as figures.

4.2. All letters, numbers, and symbols must be large enough in the origi-
nal to be at least 1.5 mm high after reduction. The lettering of figures should
also be drawn in black ink.

4.3. Figures should be added separately, i.e., not inserted in the typed
text. Legends should, if possible, be inserted in the figures.

4.4. The position of figures should be indicated at the left margine. Figu-
res are to be numbered with Arabic numerals.

4.5. Every figure must be accompanied by a caption. The caption must
explain the contents of the figure. Captions are not to be typed under the figu-
res, but should be compiled on a separate page.

5. Tables
5.1. Tables are to be typed on extra pages (one page per table), at the end

of the manuscript.
5.2. Tables are to be numbered with Arabic numerals.
5.3. Each table must begin with a caption. The caption must explain the

contents of the table.
5.4. Footnotes to a table should be typed directly under the table.
5.5. The position of tables should be indicated at the left margin.

6. Units, names, formulas, and abbreviations.
6.1. Only SI quantities and units are to be used (SI = Systeme Internatio-

nal d'Unit's); in exceptional cases, other officially accepted units may be used.
6.2. For molar concentration, an italicized M (underlined) should be used.
6.3. Biological names in Latin should be italicized (underlined).
6.4. Chemical structural formulas and equations should be drawn (not

written or typed), ready for photographic reproduction.
6.5. Only standard abbreviations should be used. Where specialized ab-

breviations are used, the term should be given initially in full with the abbre-
viation indicated in parentheses.

6.6. Mathematical expressions should be written in such a way as to use
the minimal number of lines, while retaining their clarity, for example: 2/3 in-
stead of 2:3, exp (-ab) instead of e—ab, etc.

7. Short Communications
7.1. Proceedings for Natural Sciences offers an opportunity to publish

short communications on all aspects that are implied by the journal's title.
7.2. Short communications are limited to 4 typewritten pages including

all illustrations.
7.3. The presentation and format of the short communications are similar

to those of a normal paper, except for the list of references, in which the titles
of the papers should be omitted.
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8. Information of authors
8.1. When the manuscript has been accepted, the author will be informed

of the approximate time of publication.
8.2. Corrections of the proofs should be restricted to printer's errors only.

Other than these, substantial alterations will be charged to the author. Proofs
should be handled promptly and returned to the Editorial Office.

8.3. Fifty offprints are supplied free of charge. Copies in addition to these
may be ordered and paid for through the Editorial Office.

9. DISKETTES: After acceptance, the final revision should be submitted
on disk. Include text, tables and figures on a double-density or high-density
3.5-inch diskette. An accompanying printout is needed to facilitate the incor-
poration of electronic tables and figures. Word for Windows (any version) is
the preferred word-processing program. When copying the paper on disk, it is
important to follow this procedure: File>Save as>Options>Embed True Type
fonts>ok>Save.
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UPUTSTVO ZA AUTORE

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

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

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

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

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

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

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

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

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

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

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

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

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

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

ãi naåin:

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

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

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

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

Grad.

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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