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UNIFORM CONSTRUCTIONS OF THE RATIONAL
4 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 4t 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 [Dovnikovié, 1987], [Dovnikovié, 1990]
that a birational quadratic transformation (Fig. 1) transforms a conic (point M)
into a curve of the 4" 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 4" order can be transformed into a
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Fig. 1 — A birational quadratic transformation

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 8" order. Thus, in order to trans-
form a curve of the 4™ 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 [Dovnikovié, 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 4" 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 4" order parabolas.

6



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

Fig. 2. — The Viviani space curve

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 ¢
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 ¢, 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 ¢ (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 [Dovnikovié¢, 1977], the complement

7



Fig. 3. — The parabolic lemniscate and its complement

of the parabolic lemniscate is obtained by mapping the rectangular hyperbola
(the complement of the circle for the pole Vo), 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 ¢ [Dovnikovié¢, 1987]. Both
these axes of the mapping are tangents to the circle-original, so that it oscula-
tes the lemniscate at its vertices [Dovnikovié, 1989]. Since the mentio-
ned axes are the tangents to the rectangular hyperbola, the complementary 4%
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
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shown in Fig. 1 [Dovnikovié¢, 1987], [Dovnikovié¢, 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 N,’ 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 ¢ is moved parallelly to y into the position where either a > r
or a < ris valid, the curves of Sluse x* — r2x2 + a?y?> = 0 [5] will be obtained,
which are affine to the parabolic lemniscate, so that the complements of the
curves of Sluse x* — r’x?> — a?y?> = 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 [Artobo-

Fig. 4. — The periform and its complement



levskij, 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 3™ order curve).

According to the principle of the projective complementariness the equa-
tion of the complement of periform x* — 2rx® — 4r*? = 0 is obtained from
the equation of the periform [Artobolevskij, 1959] x — 2rx® +4r2%y? = 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 3% order family
of complementary curves is obtained, that is, a curve with an acnode and its

Fig. 5. — The curve with an isolated point and its complement
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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 ¢, [Dov -
nikovié¢, 1989].

4. Selftouching 4™ order parabolas affine to periform

If the axis ¢ 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 ¢ = 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 3% 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 ¢, 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 ¢ can be de-

y Ce c
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Fig. 6. — The selftouching 4th order parabola (axis ¢ passant to the circle)
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Fig. 7. — The selftouching 4t order parabola (axis ¢ secant to the circle)

termined after choosing the curvature (that is the osculatory ellipse) of the cur-
ve at the vertex 7, 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 ¢, 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 4™ order parabolas

If we move away the point A, i.e., the second axis of mapping ¢ (since P
is in infinity), from the horizontal diameter of the circle, an obliquely symmet-
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Fig. 8. — The obliquely symmetric ,.eight” of the parabolic type

ric ,,eight” of the parabolic type will be obtained (Fig. 8), as well as the corre-
sponding complementary obliquely symmetric 4" 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 = K| 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 4™ order parabola (the point M is obtained by the mapping of either
the point M, of the circle with respect to the axis c¢ or of the point M, of the
ellipse with respect to the axis cg, so that the tangent t,, is the connecting line
of the points where the tangent to the circle at M, i.e, the tangent to the ellipse
at M, respectively meet axes ¢, and c;). 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 ©).

When the point A is in the middle (on the axis of the projecting circular
and hyperbolic cylinders) a centrally symmetric 4" 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. 9. — The centrally symmetric 4th order parabola

6. Oblique selftouching 4™ order parabolas

Asymmetric selftouching 4% order parabolas are obtained when the axis ¢
is not perpendicular to the axis ¢ and when the point A is not in the middle. In
Fig. 10 a pair of the complementary oblique 4 order parabolas with a cusp at
A are shown. In the case of oblique selftouching 4% 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 A,V while the tangent of the circle at the point A, 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 ¢, (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 L, = L of the
osculatory ellipse is equal to the radius of curvature of the osculatory circle at
the point K, = K.

14



Fig. 11 — The obliquely symmetric curve

Fig. 10. — A pair of the complementary oblique 4th order parabolas
Ce
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7. Orthogonally symmetric selftouching 4" 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 ¢ is put through the point L (Fig. 12), since the same or-

APVp

ol

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

thogonally symmetric curve with the same osculatory circle at both points (K
and L) is obtained. The angle p 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 ¢ changes the slope to the axis
of symmetry (rotating about the point L).

By the affine either ,,squeezing” or ,Jloosening” 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 B 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 ¢ (which is equally important both for constructive
geometry and mechanism synthesis). It also enables us, for chosen A and f in
advance, to determine the position of the axis ¢ so that the circle of the diame-
ter LK can be mapped into the 4% 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



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, =VAP, c//p =AV_P,), which de-
fines the class of rational selftouching 4" 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 ¢ = AP,.

1. By the mapping of a circle (ellipse), 4™ 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,
4t 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 1% 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 ¢ = 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 2" or-
der cylinders which is to be presented in further investigations.
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YHU®OPMHE KOHCTPYKLIMJE PAIMMOHAJIHMX TTAPABOJIA 4. PEA

Jlazap M. JloBHukoBuh, PagoBan b. IllTyaunh
dakynTeT TeXHUWIKUX Hayka YHuBepauteta Hosu Can,
Ilapa Jlazapa 1, 21000 Hou Can, JyrociaBuja

Pesume

AKO je 3ajeqHMYKO CBOJCTBO HEKMX KPUBMX 4. pela Koje MpUIlafajy UCTOj Kilacu
mapabosia 4. pema CKpUBEHO y 0€CKOHAYHOCTH, MOXKE C€ Ha IIPBM IIOIJIE[ YOUUTH J1a
OHe HeMajy HHUIITa 3ajefHuYKo. HamMme, TakBe KpuBe MMajy CBOje IBe KOHCEKYTHUBHE
JIBOCTPYKE Tayke y OECKOHAaYHOCTM (OECKOHAUYHO J1ajieKa IMpaBa je TAHTeHTa KpUBE Y Te
YEeTUPU TauyKe) U HUXOBO IOCTOjaHhe Ce JOoKa3dyje OMpalMOHAJIHOM KBaJpaTHOM TpaH-
chopmalnjoM ca TadyHO ojpeheHMM pacIiopeloM ejieMeHaTa TpaHchopmaluje.

Tako Ha mpumep, Kpyr MoxKe, KBaIpaTHOM TpaHC(hopMalujoM, OUTU IpecInKaH
y TO3HaTy TapaboJMyKy JIEeMHUCKATy KOja MMa JBE M30JI0BaHE KOHCEKYTHBHE IBO-
CTpyKe Tauke y OeckoHayHOCTU. McTom TpaHChopMmalrjoM ce IpaBoyIJia XumepooJia
(Kao KOMIUIEMEHT Kpyra) IpecjiMKaBa Y KPHMBY KOMIUIEMEHTapHY IMapaOOJIMYKO]j JieM-
HMCKaTU. Ml oBa KpuBa MMa JaKjie JABEe peajlHe KOHCEKYTMBHE ABOCTPYKE Tauke — Koje
Cy Kao caMOJOJMPHE TayKe MOKJIOIUbEHE ca M30JJ0BAaHUMM TauKama mnapaboJiMyke JieM-
HUCKaTe y OeckoHauHocTu. OBe ABe KOMILIEMEHTapHe KpuBe Takole mmajy m Tpehy
MOKJIOIIJbEHY JBOCTPYKY TAyKy KoOja je 3a JISMHMCKATy YBOP a 3a KOMIUIEMEHT M30JI0Ba-
Ha OBOCTPYKa Tayka. YIpaBo 300T TpU ABOCTPYKE Tauke KpuBe 4. pema Cy paluoHa-
He, T.j. pola Cy HyJTOra.

Y oBOM pany cy, OCUM TapaboIryKe JIEeMHUCKATe U HeHOI KOMILIEeMEeHTa, aHa-
JIU3upaHe joll Heke rnapadose 4. peaa Koje ce MOTy TOOUTU MPUMEHOM OMpallMOHATHE
KBazpaTHe TpaHcdopManmje. To cy mepudopma, KprBa ca M30JO0BAHOM TavyKOM, Ca-
MonoAMpHe mapaboje 4. peaa abvHe nepudopMu, KOCO CUMETpUUHe napadosie 4. pe-
Jla, Koce caMOmOAMpHe mapabojie 4. pena U OPTOTOHAIHO CUMETPUYHE CaMOIOAMPHE
rapab6osie 4. pena. FbxoBM KOMILIEMEHTH YMHE TPYMy KPUBUX KOje OECKOHAUHO Haje-
Ka TpaBa JOAMpYje V CaMOIOAMPHOj TAaUKH.
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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-Al, five at Glu-Bl, and two at
Glu-DI locus. Typical HMW glutenin compositions in wheat cultivars were 2*, 7+9, 5+10
and 1, 749, 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-Al, Glu-Bl and Glu-DI 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 (Payne, 1987; Payne
et al., 1988; Rogers 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 (Vapa et al.,, 1995,
Denc¢i¢ and Vapa, 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 Vapa and Savié (1988).

Glutenin loci, alleles and subunits were designated according to Payne
and Lawrence (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-Al 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, 748, 6+8, 7 and 14+15 were
found at Glu-BI locus, subunits 2+12 and 5+10 at Glu-DI locus (Table 1).

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

. Glutenin subunits
Cultivar %

Glu-Al Glu-Bl Glu-D1

Sreca, Gracija 1 7+9 5+10 9.1
Ivanka 1 7+8 5+10 4.5
Dobra 1 7 5+10 4.5
Delta, Self:kta, 2k 7+9 5+10 22.7
Sara, Sonja, Stamena
Bajka 2% 7+8 5+10 4.5
Sirena 2% 14+15 5+10 4.5
Anastasija,
Prva, Zlatka, 1 7+9 2+12 22.7
Super rana, Galija
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-Al locus, the highest frequency (43%) was obtained with subunit
1, at Glu-BI 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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Fig. 1. — Frequency of HMW glutenin subunits in wheat cultivars

Subunit 2* and N allele (coded by the Glu-Al locus), subunits 7+9 (by
the Glu-BI locus), and subunits 5+10 (by the Glu-DI locus) were most fre-
quent in the Novi Sad wheat cultivars selected during the period 1987—92
(Vapa etal, 1995; Vapa 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-DI locus) (Pogna et al, 1987; Vapa 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% (Vapa, 1991), and in USSR 22% (Morgunov 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-Al Glu-Bl Glu-D1 (%)
1 7+9 5+10 85.7
Graciia 1 7+9 2+12 4.8
J 1, 2% 7+8/7+9 5+10 4.8
2% 7+8/7+9 5+10 4.8
Mina N 7 5+10 65.0
N 6+8 5+10 35.0
2% 7+9 5+10 77.8
2% 7 5+10 5.5
Selekta 1 7+8 2412 111
1 7 2+12 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-Al, five at Glu-Bl, and two at
Glu-D1. Typical HMW glutenin compositions in wheat cultivars were 2*, 7+9,
5+10 and 1, 749, 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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KOMITO3NMLHNJA TIIYTEHUHA BEJIMKE MOJIEKYJICKE MACE
COPTU NIIEHUNLE

Jbmwmwana b. Bama, dparana P. O6pexr
Wucrturyt 3a 6uonorujy, IlpuponHo-MareMaTUUky (haKyaTeT,
Tpr Hocureja O6pamosuha 2, 21000 Hosu Can

Pe3ume

Llus oBor pama je OMo ma ce aHaJIM3Mpa BapHjaOMIIHOCT CyOjeAMHUIIA TIIyTeHMHA
BeJIMKe MoJieKyJcke mace, MetogoM SDS PAGE enektpodopese, Ko HOBONMPU3HATUX
COPTHU TIIICHUIIE CEJIEKIIMOHMpaHUX Y HaydHOM WHCTUTYTY 3a paTapcTBO W TOBpTap-
ctBo y Hosom Cany.

PesynraTu ucrpakuBama Ccy mokasaiu na y Jokycy Glu-Al moctoje cybjenuHuiie
1 u 2*, xao u HyaTH anen N, KOju He Jdaje BUIUBMBY Tpaky Ha reny. CybjenuHuna 1 je
nmana Hajsehy yuecranoct, 43%. Y nokycy Glu-Bl oapeheHe cy cybjenuHuie 7+9,
748, 7, 6+8 u 14+15. Hajyuecranuje (71%) cy Owmne cyOjenuuuiie 7+9. Y JoKycy
Glu-DI nahene cy cyojenunune 2+12 n 5+10. YuecranocT cyojenmuuia 5+10 6una je
Beha u usHocwia 67%. Hajyyecranuje KoMOMHALMje TIyTEHHMHA BEJIMKE MOJICKYJICKE
Mace owie cy 2*, 749, 5+10 u 1, 7+9, 2+12. Copre Cenekra, I'paurja u MuHa Ouie
Cy XeTeporeHe ca JBa 0 YeTHpU eJeKTpomopda Ha reny.
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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 (Florijn and Van
Beusichem, 1993; Garate 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 (Kochian, 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 (Verkleij and Schat,
1990; Petrovié¢ and Kastori, 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 (Leita 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 (Barcel6 and
Poschenrieder, 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 | pots containing 1/2 strength Hoagland’s nutrient solution (Ho a -
gland and Arnon, 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 O (control), 10—7 or 10— M Cd for 48 hours. Cadmium was applied
as CdCl, dissolved in distilled water. Following the Cd treatment, the roots of
intact plants were immersed in 20 mM Na,-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 (1), 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), 107 or 10— M Cd (prepared as described above) for 48 hours. As
in the experiment A, the roots of intact plants were immersed in 20 mM
Na,-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

Tab. 1. — Effect of Cd on dry matter mass of pea (g. plant—!). Plant age at the time of treatment
with Cd was 25 days (A) and 63 days (B).

Plant organ

Cd concentration Total above ground portion
M] Root of the plant Pods Grain

I* T+

EXPERIMENT (A)

Flowering
0 (Control) 0.530 1.413 3.358 — —
10—7 0.456 1.235 2.990 — —
103 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—35 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 2442
10—35 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 25% day
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to the control. The decrease depended on the Cd concentration applied as well
as on the plant organ studied. Both 10—7 and 10— 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— M Cd brought about
a larger decrease of total dry matter mass than 107 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— 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— 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— 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— 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— 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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Tab. 2. — Translocation and retranslocation of Cd in pea at different stages of growth and deve-
lopment (ng Cd. organ—!). Plant age at the time of treatment with Cd was 25 days (A) and 63
days (B).

Plant organ

Cd concentration Total above ground portion
M] Root of the plant Pods Grain
I* 1
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 — —

105 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 25t day

time of Cd treatment. The transport of Cd to the aboveground plant parts dur-
ing the treatment was quantitatively higher at 10— 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 pg 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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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 (Kastori 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 (Vangronsveld and Clij-
sters, 1994). Excess HM amounts inhibit both the division and elongation
of root cells and thereby visibly reduce their growth (Wierzbicka, 1988;
Jalil et al., 1994). Factors that inhibit root growth also inhibit biosynthesis
and translocation of cytokinins (Marschner, 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 (Brune and Dietz, 1995). The extent of root mass
reduction depends on the nature of HM, its concentration and, especially, the
plant species under study (Petterson, 1976; Yang 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 (Lang et al., 1995). The inhibition of chlorophyll biosynthesis
by Cd is specific (Parekh et al., 1990). Excess Cd reduces chlorophyll con-
tent in the PSI and PSII as well as in their antennae complexes (Lan g et al.,
1995). Cd promotes the activity of chlorophyllase in leaves (Jana and
Choudhuri, 1984). This enzyme not only inhibits plant growth but also
speeds up the aging process in plants (Lagriffoul et al., 1998).

In a number of species, HM accumulation is more intensive in the root
than in the aboveground parts of the plant (Woolhouse, 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 (Petrovié et al, 1990; Florijn and Van Beusichem,
1993; Géarate 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 (Page et al., 1981).

Cadmium differs from other HMs in that, after uptake, it is readily trans-
ported into the aboveground plant parts (Verkleij and Schat, 1990).
Most authors think that the mechanisms of Cd uptake and ascendant transport
are similar to those of the Ca* ion, i.e., that these are passive processes (Jar -
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vis et al.,, 1976). Opinions still vary on the Cd uptake and transport by plants
(Girling and Peterson, 1981). According to Leita et al. (1996),
most plant species take up and transport Cd by the xylem in the form of Cd>*.

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 (Pettersson, 1976). Studying 23 plant species, Jarvis 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, Florijn and Van Beusichem (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 (Hart et al., 1998).

Cd translocation in plants depends not only on the species but also on the
available Cd concentration in the substrate (Cieslinski 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 (Baker et al., 1990).

Mechanisms that enable Cd accumulation in the fruit and seed have not
been sufficiently clarified. Popelka 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 (Leita 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
(Cieslinski 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 (Hinsley 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 (Van Lune and
Zwart, 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 (Pavlikova 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 Salt 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— M CdCl,.
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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TPAHCJIIOKALIMJA U1 PETPAHCJIIOKALIMJA KAIMUIJYMA
Y I'PALUKY (Pisum sativum L)

BojucnaB M. Muxaunosuh?, Hosuma M. Ilerposuh!: 2, MBana B.
ApcennjeBuh-Maxcumosuh!> 2 u JKapko C. Kesperan!
I TToswonipuBpeauu ¢dakynrer Hosu Can, Tpr . Obpanosuha 8,
21000 HoBu Can, JyrocinaBuja
2 HayyHu WMHCTUTYT 3a patapcTBo W moBprtapctBo HoBu Car,
M. Topkor 30, 21000 HoBu Can, JyrociaBuja

Pesume

IIpoyuaBaHa je TpaHCIOKallMja U peTpaHciokauuja kanmujyma (Cd) y adwna th-
my Tpaiika copte Jesepo, y JIBa cTaaujyma pacta M pasBuha, y TOJYKOHTPOJIMCAaHUM
ycaoBuMa. IpumemeHe koHueHTpamuje Cd oune cy 0 (kontponaa), 107 u 10— M Cd,
a cTapocT Ou/baka y BpeMe TpeTMmaHa Owia je 26 u 63 ngana. Tpermanu Cd mpeko Ko-
peHa Tpajaau cy mo 48 h. buibke cy aHanuM3upaHe HEMOCPEIHO HAKOH TpeTMaHa, 38
nmaHa KacHuUje n y dasu 3penoctu. CyBa Maca O6mibaka u canp:kaj Cd ogpeheHu cy y
nojeIMHAaYHUM OMJbHMM OopraHuma. PesynaTtaTu cy Iokaszaiu Ja ce Maca CyBe MaTepuje
3HAYajHO CMarbuja y 3aBUCHOCTM OI TpuMerbeHe KoHleHTpauuje Cd m crapoctu
ompaka. CMamemhe Mace CyBe MaTepHje M BereTaTUBHMX M I€HepaTUBHMX OopraHa Ou-
JIo je 3HavajHuje Kama je Cd mpuMerMBaH y (as3u 1BeTarba (63 gaHa ctape OWIBbKe)
Hero kama cy ouibke Owie miahe (25 mana crape). Kom cBux TpeTMaHa, HajBUILM ca-
npxaj Cd yrBpheH je y kopeHy. Takohe, nouwio je no tpaHciaokauuje Cd u3 kopeHa y
HaJ3eMHe BereTaTUBHE M T'€HepaTHMBHE OMJbHE OpraHe U OBaj Ipolec je OMOo pelaThB-
HO MHTEH3MBHUjU Kaja je mpuMereHa kKoHueHTpaiuja Cd 6una Huxka. MoryhHocT na
je Iouuio [0 peTpaHcioKaluje MUHUMaTHuX koinurHa Cd u3 jucToBa y MaxyHe Ta-
kohe He Moxe OUTU MCK/byuyeHa.
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CO-CULTIVATION OF N,-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, N, 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 N, fixation in rice fields by inoculation
with specific cyanobacterial strains (Venkataraman, 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, Rai (1990) demonstrated how plants may aid the
growth of cyanobacteria and increase their N, 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 N, fixation
is 25—30 kg/ha of soil. In addition to yield increase, it reduces the need for
artificial fertilizer by 60% (Venkataraman, 1972). Biostimulative sub-
stances — hormones and vitamins produced by cyanobacteria are also respon-
sible for the improved growth and development of higher plants (Rodgers
et al., 1979).

Recently, a large number of authors (Spiller and Gunasekaran,
1990; Obreht, 1992; Svircev etal., 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 OS,, 9909, 36959 and 353, ha-
ve been donated by the Manila University, the Philippines. Twelve cyano-
bacterial strains, Nostoc strains (2S,B, LBG,, S,, 2, S,) and Anabaena strains
(Cs, 14, LC,B, 2S.B, S¢B, C,, C,) 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 Obreht (1992).

Cyanobacteria were maintained in BG11 liquid culture (Rippka et al,
1979) in shake flasks, at room temperature and at the light flux density of 50
umolm—2s—1,

The co-cultivation of plant seedlings and N,-fixing cyanobacteria was
carried out in liquid and sand cultures, at 24°C, with continuous illumination
at the photon fluence rate of 40 pmolm—2s—!. 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 (2S,B, LBG,, C;,
LC,B, 25.B), selected on the basis of previous investigation data (Obreht,
1992; Svircev et al.,1996). Further on in the experiment, the rice cultivars
0OS, 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 (Bremner and Mulva-
ney, 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 lig-
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

Liquid culture Sand culture
Plant CB strain Length Dry weight Length Dry weight
organ N [%] N [%]
[cm] [mg/plant] [cm] [mg/plant]
Control +N 22,44%* 96,1%* 156%* 21,29%* 71,0%* 140%*
Control -N 16,37 53,5 100 15,28 333 100
2S¢B 19,97%* 72,7%* 1447 17,94%* 52,4%%* 132%%
Shoot LBG; 19,67%* 71,6%* 141* 19,82%* 54,2%* 133
Cs 16,34 48,6% 99 15,38 36,2% 113
LC,B 19,65%* 66,3%* 140* 18,62%* 43,0%* 128%#%*
2S¢B 16,97 60,2* 102 16,23 39,0% 103
Control +N 21,95%* 41,8%* 138%#* 23,21%* 47,8%* 151%#%*
Control -N 23,66 19,3 100 25,14 17,3 100
2S¢yB 21,61* 39,0%%* 133%#%* 23,61%* 40,0%* 130%*
Root LBG; 22,18 32,474 131 24,18 34,1+ 142%%
Cs 25,72% 19,1 85+ 28,72%* 19,1* 99
LC,B 21,21* 33,3%%* 116* 25,22 33,3%%* 107
2S¢B 23,28 23.4% 88 26,14 28,3* 91

* Statistical significance of the tested parameters compared with the control -NO; at the
confidence level of 0.05
** Statistical significance of the tested parameters compared with the control -NO; 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 -NOjs.

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

Liquid culture Sand culture
Plant CB strain Length  Dry weight Length  Dry weight
organ [cm] [mg/plant] N [%] [cm] [mg/plant] N [%]
Control +N 31,73**  116,53** 210%* 32,71%% 151 4%%* 148+%*
Control -N 18,50 46,6 100 16,49 36,3 100
2S¢B 28,39%* 86,1+ 191%%* 30,28%%* 86,17+ 138%#*
Shoot LBG; 19,35 49,2 193#* 19,04%* 38,3% 141%*
Cs 17,62% 32,6%%] 100 18,60* 26,7+ 97
LC,B 25,41%% 73,9%%* 194%* 21,51%* 39,7%%* 138+
2S¢B 19,96 45,8 141* 19,19%* 353 110
Control +N 20,41%* 66,4+ 207%* 21,42%% 86,4%* 184%*
Control -N 2791 24,9 100 27,30 29,2 100
2S¢B 25,65* 57,7%* 131* 24,17* 52,7%* 136*
Root LBG; 28,98 28,2% 132* 29,20* 29,7 122*
Cs 34,34%%* 17,3%%] 774 33,33%%* 25,3%) 102
LC,B 23,95%* 53,4%* 128* 22,97%* 34,2% 126*
2S¢B 27,16 33,24 90 27,21 33,7% 94

* Statistical significance of the tested parameters compared with the control —-NO; at the
confidence level of 0.05
*#* Statistical significance of the tested parameters compared with the control -NOj 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 -NOjs.

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

Cyanobacterial strains 2S,B and LBG, 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 LC,B in the
case of shoots. Strain Cs increased the root length highly significantly. Cyano-
bacterial strains 2S,B, LC,B and LBG, exhibited the highest influence on the
rice cultivar 353 (Table 2), regarding all of the tested parameters. Strain Cj
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 OS, 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 LC,B
had the highest stimulative effect on the tested parameters of rice shoots.
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Strain S, increased the tested parameters of shoots and roots, except the root
length, which was reduced. Strains 14 and C; caused significant reductions of
the dry weight of shoots. Strain C; also reduced the root length.

Cyanobacterial strain 2S,B 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 Cy and 2 had high stimulative effects on the roots
length. Strain Cs caused highly significant increases of the dry weight, while
strain C; decreased this parameter. Strain LBG, 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 OS,
co-cultivated with cyanobacteria in sand culture

Shoot Root
CB strain i i
Tom mepnd N R b N[
Control +N 15,3%%* 30,0%** 1537%%* 16,6 35,2%% 122%*
Control -N 13,0 24,3 100 20,5 13,7 100
2S¢B 15,2%:% 27 4% 1293 18,5% 33,7%% 116*
LBG, 14,2 24,7 137* 16,9%: 20,0%* 118%*
Cs 14,5 21,3% 98 17,1%% 16,5 102
14 14,2 21,5%] 134%%* 22,2% 20,8 113%*
LC,B 19,0%* 32,2 138%* 20,8 25, 4% 114%*
2S¢B 14,8* 27 4% 128%:* 18,2% 32,1%%* 102
N 15,0%%* 25,4 119* 14,5%%] 25,5%: 117%*
2 15,7%% 24,3 113 17,93 25,7 111%*
S, 15,8%%* 25,7 110 19,0* 25,0%%* 108
S¢B 15,8%% 25,6 125°% 17,4%* 32,0%:* 114%*
Cy 14,8* 27,3%% 130%%* 17,1%% 31,3%%* 113*
Cy 16,3%* 26,2% 111 20,2 31,2%* 113%*

* Statistical significance of the tested parameters compared with the control -NOj at the
confidence level of 0.05
** Statistical significance of the tested parameters compared with the control —-NO; 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 —-NOj.

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

Shoot Root
CB strain Length Dry weight Length Dry weight
[cm] [mg/plant] N [%] [cm] [mg/plant] N [%]
Control +N 19,5%%* 29,0%%* 1327%%* 23,0%%* 32,5%% 1827%%*
Control -N 15,9 25,8 100 27,2 26,0 100
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2S¢B 17,6* 35,0%%* 119% 23,4°%% 34,7 155%%*

LBG, 20,7%% 40,0%* 121%% 23,2%% 277 165%*
Cs 17,8% 28,7%% 98 32, 1% 35,8%% 120
14 16,7 253 106 26,4 26,7 172%%

LC,B 18,9%* 29,8%* 115% 28,8 30,8* 158+

2S¢B 18,75 34,0%* 116* 24,5%% 39,3%* 121
S, 16,3 26,3 97 29,9% 28,0% 101
2 16,4 243 104 34,3%% 242 95
S, 17.0 29,2%% 115% 28,5 275 105

S¢B 16,8 272 105 264 32,5%* 128%
G, 15.6 22,7%% 100 28,0 23,1%) 107
C, 16,9 26,3 104 25,6 243 101

* Statistical significance of the tested parameters compared with the control -NO5 at the
confidence level of 0.05
** Statistical significance of the tested parameters compared with the control —-NO; 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 —NOj.

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 (Svircev 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 N,-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, 2S,B and LBG,, had the highest influ-
ence on the growth of all rice cultivars involved in co-cultivation. Strain 2S,B
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 (Svircev et al., 1996).
Strain 2S4B 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 LC,B 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. OS,, 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. (Rodgers et al., 1979). Cyanobacterial stimulation and
inhibition of fungal growth was also reported (Szigeti et al., 1998).

Significant elongation of plant roots when co-cultivated with strain Cj
can also be attributed to the presence of BAC. This happened with all rice cvs.
except OS,, 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
(Rai, 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-KVJITUBALINJA N,-®MKCHUPAJYRUX
XETEPOLIMUCTHUX CYANOBACTERIA N TIMPUHYA
Y BOOEHUM U TNEIIYAHUM KVITYPAMA

Anexcannpa B. JIpo6au, 3opunia b. CBupues, Onara B. Ilerposuh
Wnucturyr 3a 6uonorujy, Tpr Jocureja O6pamosuha 2,
IIM® Hosu Caa, 21000 HoBu Can, JyrocinaBuja

Pesnme

Benuk 6poj BpcTa 1MjaHoOakTepuja criocobaH je aa ¢pukcupa ciobogaH a3oT u3
Bazayxa. XeTepoluMcTHe (uaaMeHTO3He IMjaHoOakTepuje Beh BekoBMMa MMajy yjiory
ouodepTrMzaropa Ha NMUpUHYaHUM TobuMa. OBaj paa IpuKasyje pesyarare aoouje-
HE TOKOM KO-KyJTuBauuje 12 1ujaHoOaKTepujcKux m3osiata u3 pomoBa Nostoc u Ana-
baena, IPeTXOIHO M30J0BAHUX U3 pa3IMuUMTUX 3eMibulliTa Bojsoaune (JyrociaBuja) u
YeTUpH JIMHUje MUMPUHYA, Y BOJICHUM M MEIIYaHuM KyiaTypama. Pesyiararu mokasyjy na
jé HUBO 1IMjaHOOAKTEePUjCKOT yTHUIlaja M JOMPHMHOCA PacTy M pa3Bojy MUPMHYA, Ka0 U
VKYITHO] KOJIMYMHM N, MPaKTUYHO UCTU y BOJEHUM M TEelIYaHUM Kyjatypama. Takobe
je mpumeheH pa3nIMUUT YTUILIA] LIMjaHOOAKTepHja Ha MYKUHY, CyBY Macy M CamapiKaj
a30Ta KOpeHa M HaJ3eMHOT Jiejla Pa3IuyUTUX JMHUja MUPUHYA TajeHuX Yy TelrdyaHuM
Kyatypama. [lpomykuuja u ociobahame a30THUX jeduiberha O CTpaHe LMjaHOOaKTe-
pYja BEpOBATHO je MOBE3aHO ca CIeU(pUIHUM YCIOBMMA KOje CTBapa KyJTHBallMja y
3APYKEHO] KYITypu ca crelupUIHOM JuHMjoM nmpuH4Ya. [lopen azorodukcamuje, u
eKCKpelMja OMOJIONIKM aKTUBHUX CYMCTaHIM LIMjaHOOAKTEPUJCKOT MOPEKIa BepOBATHO
MMa BaXKHY YJIOTY y KO-KYJTUBAlIMjHU.
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EFFECT OF N,-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 N,-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, N,-fixing cyanobacteria, rice, sand culture, sugar beet,
wheat

INTRODUCTION

Cyanobacteria are microorganisms of special interest because many speci-
es of them fix N, via the enzyme nitrogenase. This ability makes these micro-
organisms potentially valuable sources of nitrogen biofertilizer. Free extant
cyanobacteria constitute a major group of N,-fixing microorganisms in rice fi-
elds and have a potencial as biofertilizer in rice cultivation. (Venkatara-
man, 1972; Roger and Kulasooriya, 1981). Investigation on the
practical utilization of cyanobacteria in rice fields has focused mainly on inoc-
ulation with cyanobacteria inocula produced in soil (Venkataraman,
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 N,-fixation by cyanobacteria during
co-cultivation (Rai, 1990).

A beneficial effect of an ammonia-excreting mutant of Anabaena variabi-
lis on the growth of wheat has been demonstrated (Spiller and Gunase-
karan, 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 N,-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 (Obreht 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 C5 from
chernozem soils in the Province of Vojvodina, Yugoslavia (Gantar et al.,
1991). The strains were selected from our previous investigations (Gantar
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 (Rippka et al., 1979) lig-
uid culture, kept in flasks at room temperature and light flux density of 50
umol m—2s—!. 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
(Bremner and Mulvaney, 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 C5 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 C5 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 —-NO5 at the

confidence level of 0.05

** statistical significance of tested parameters compared with the control -NOj at the
confidence level of 0.01

shoot

mshact kength (cm)

mshaat dry weight (mg/10)
Wroot length (cm)

@root dry weight (mg/10) |

te2—

288B

-NO3

CS
15 1

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 -NOj at the
confidence level of 0.05
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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 -NO;5 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 C5
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 C5 did not influence the nitrogen content in roots, but
the content in shoots has been changed (Table 1).
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Tab. 1. — Nitrogen contents in shoots and roots after co-cultivation in sand

. Treatm. Shoot Root
Plant species contr/strain N (%) N (%)
+NO; 145 166
-NO;3 100 100
Rice (Oryza sativa) 2S9B 135%* 133%*
LC2 133%%* 116*
Cs 105 100
+NO; 133 382
-NO;3 100 100
Sugar beet (Beta vulgaris) 2S9B 119%* 221%%*
LC2 T6** 117
Cs 9% 104
+NO; 130 137
-NO; 100 100
Wheat (Triticum vulgare) 2S9B 123%* 130*
LC2 115% 111
Cs 102 98

* statistical significance of tested parameters compared with the control -NOj at the
confidence level of 0.05
** statistical significance of tested parameters compared with the control —-NOj at the
confidence level of 0.01
The results of nitrogen content measurements are presented in relative values with reference to
control —-NOj3

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
(Svircev 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 N,-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 Roger and Kulosooriya
(1981) and Venkataraman (1981).

Among the tested strains, the greatest beneficial effect on the participat-
ing plant was determined in the case of 2S9B (Nosfoc). 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 Svircev 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 (Obreht et al.,, 1993;
Gantar 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 (Hol -
sten etal, 1971) and when cyanobacteria were co-cultured with tobacco cal-
lus (Gusev et al.,, 1986). The strain C5 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 (Venkataraman
and Neelakantan, 1967); Anabaena sp., Nostoc sp., Oscillatoria sp.,
Plectonema sp. and Nodularia sp. (Rodgers 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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YTULAJ ABOTOOPUKCUPAIYRNX HNJAHOBAKTEPHUJA
HA BUIIE BUJBKE T'AJEHE V¥ TIEIIYAHOJ KVJITYPHU

Jenuua B. Cumeynosuh, 3opuna b. Ceupues, CnaBka K. Iajun
Wucturyr 3a 6uonorujy, Tpr Jdocureja OdpamoBuha 2,
[TM® Hosu Can, 21000 Hosu Can, Jyrocnasuja

Pe3nume

Y oBOM paiy UCHUTHMBAH je YTML@Aj 3 pasnuuuTa asoropuxcupajyha nujanobax-
Tepujcka coja (2S9B, LC2 u C5) Ha pacT HEKMX MOJbOMPUBPENHO 3HAYAJHUX KYJITypa:
mehepHe pernie, nupuHYa U mieHule. KoncratoBaHo je ma camo coj 2S9B ocrtBapyje
yppirhy Bedy u jaa npoaupe y henuje kopeHa MUpWHYA. Y Cilyyajy MMPUHYA YOUEH je
3HayajaH YTULaj UCTIMTUBAHUX COjeBa Ha CYyBY Macy W AY)KMHY HaJI3€MHOT JIeJla U KO-
peHa. Hucy nmpumveheHn cTaTUCTUYKM 3HAYajHU YTUIAjU LIMjaHOOAKTEpHja Ha CyBY Ma-
Cy M Oy>XKMHY KopeHa miueHule u mehepnHe perne. Coj 2S9B (Nostoc) yTuiiao je Ha mo-
Behame Jy:KMHE M CyBe Mace HaJ3eMHOT jefa koi mineHuie. [IBa coja 2S9B u LC2
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(Nostoc n Anabaena) yTulianu cy Ha IoBeharbe MCIIMTUBAHUX IMapaMeTrapa KoI IH-
puHYa. YcTaHOBJbEHO je 1a je coj 2S9B yruiao Ha moBehame KOHILIEHTpaLyje YKYITHOT
a30Ta y KOPEHY W HaJA3eMHOM JIeJly TOKOM KO-KyJATuBaluje ca liehepHOM pernoM u
MIIEHUIIOM, 0K Y CJIyyajy TMpUHYa ocuM coja 2S9B u coj LC2 uma nosutusaH ede-
KaT. TOKOM ucTpa)kuBarba 3allakeH je U HeraTuBaH edekaT cojeBa LC2 u C5 (Anabae-
na) Ha CyBy Macy, Kao W Ha cajJpiKaj YKYIHOI a30Ta Haa3eMHor neia kon uiehepHe
pere.

Ha ocHoBy nodujeHux pesyarara mMoxe ce pehu aa je yruiiaj azorodukcupajyhux
LMjaHOOaKTepHja Ha pacT Owbhaka y LWbY HUXOBE IIpUMEHE Kao OumodepTuamnsaropa
Haju3pa3UTUjU TIPU KO-KYJITUBAIIMjU ca NMUpUHYEeM. EdeKkTr 31pyx’eHOT rajerma cy Bp-
JI0 crienupUIHM 3a onpeheHy KoMOMHAIIMjy LIMjaHOOAKTePHUjCKOT coja U OMbHE BPCTE,
Te ce 300r Tora He IMpernopyyyje cejeKlrja YHUBEP3aJIHOT coja Kao OmodepTuin3aro-
pa, Hero omabupaibe jeIHOI MM BHIIE COjeBa y OMHOCY Ha KOHKpeTaH I'€HOTHUIl OMJb-
HE BpCTe.
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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 6" century Slavs mi-
grated to this part of Pannonia, and in the 10" century Hungarians settled in
the areas north of Srem (Popovié, 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 18" 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” (Curcic¢, 1980).

Until the beginning of the 20" 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 18®
century, after the Turks withdrew from Srem. From mid 18" century onwards,
together with Hungarians, Slovakians first settled in the regions of Banat and
Backa, but were later resettled in Srem for the reasons of commerce. Rutheni-
ans that inhabited Backa since the 18% century moved later on to other areas,
primarily to Srem.

The following events caused marked demographic changes in the 20"
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 (Curcic¢, 1980).

Popovié (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 Fruska 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. Popovid
(1990) says that Proto-Slavs were ,.tall, red-haired and very strong” and that
they differed among themselves. He also quotes the physician Marikov-
ski 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 Kitl, 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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Viahovié¢ (1994) points out that in the 12 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 (Gavrilovié¢ 1960, 1961,
1962a,b, 1963, 1964). Bozic¢ (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. Gavrilovié¢ (1978),
studying the adult population of the region of the Fruska 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 (Gavrilovié¢ and
Bozi¢-Krstié, 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 (r)
(Sokal and Rohlf, 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.

57



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 17285 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 348991 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 17531 1572 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 2250 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 9.376 879 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 83.0 343 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 229299 1000.0 4000.0 559.1 312626 2438  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 circucrrllllfes rtence c;;zltélilty
Fy 23.83 19.44 16.65 3.167 0.762 2.436
Ty 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
Fy 2.0402 1.898 0.073 0.0714 0.0024 0.273
ry 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=33853

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 (Bozi¢, 1976, Gavrilovi¢, 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 (BoZi¢, 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. Gavrilovic¢ (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. Gavrilovié (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
(Gavrilovié, 1978).

The mean values of the intraclass correlation coefficient (males 1; =
0.0248; females r; = 0.0021) suggest greater heterogeneity in the males, which
has been noted in earlier studies (Pavlica 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 Marikovski (1767) and Kitl (1795),
the present population has similar characteristics, with acceleration, the pheno-
menon present in the whole world.
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AHTPOITOJIOIIKE KAPAKTEPUCTUKE CTAHOBHUWKA CPEMA
IMPEMA 3ABUYAJHOM ITOPEKITY

Tarjana M. IlaBiuua, Bepuna C. boxuh-Kpcruh,
Papa C. Pakuh, Mapuja P. CaBuh
ITpuponHo-maremarnuku (akynrer, UHcturyt 3a Ouosorujy
Tpr Hocureja Obpamouha 2, 21000 HoBu Can, Jyrocnasuja

Pesume

VY pany je uzHera 6MoMeTpHjcKa aHaiu3a MOPdOIOIIKO-(DU3MOJOIIKIX OCOOMHA
(BUCUHE Teja, AY)KMHE HOTe, MYKWHE PyKe, Mace Tejla, oOMMa TPYAHOT Kollla U BU-
TaJHOT KamauurteTa ruyha) ompacior craHoBHMINTBa y CpeMy, cTapoceaenana v 10-
ce/beHMKa HacTarmbeHuX y BojBommuu mociie I u Il cBerckor pata u3 apyrux KpajeBa
JyrocnaBuje. MctpakuBameM je obyxBaheHo 1824 ocoGe, u 1o 965 myiikapana u 859
’keHa, crapoctu o 20 mo 50 romunHa. [Tomam cy obpaheHu BapujallmOHO-CTATUCTUY-
KOM METOIIOM, IOCEOHO 3a CBakM IIOJ. YTBpleHa je Beha XeTeporeHOCT KOJ MYIIKOT
rnosa, Te cy J0CEheHULIM UMaIu Behe BpeJHOCTH 3a cBe MOPGOJIOLIKE KapaKTepu-
ctuke. CTaTUCTUYKM 3HAYajHA pa3iMKa MCIUTUBAHUX KapaKTepUCTHUKA KO »KeHa HHUje
youeHa, IITO yKa3yje Ha HUXOBY XOMOIEHOCT.
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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 Liboff et al
(1984). Improved protein synthesis was shown by many authors: Cossa-
rizza et al. (1993), Goodman et al. (1983, 1987), Goodman and
Henderson (1988), Murraz and Farndale (1984). A PEMF increa-
sed level of inozitol-triphosphate was reported by Korzh-Sleptosova
et al. (1995). Intracellular calcium oscillations provoked by PEMF were repor-
ted by Lindstrom 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
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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.

Postoperative bleeding
yes weak
no

PAIN INTENSITY-PLEASE MARK:

Fig. 1. — Part of the questionnaire

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
MWEFO. Initial results seem promising, particularly for the patients who do not
tolerate chemical analgetics.

E group C group
O pain itensity

Graph. 1. — Average postoperative pain intensity reported by the patients
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YTULAJ ITYJIICUPAJYREDI EJIEKTPOMATHETCKOI I1OJbA (ITEMIT) HA
MMOCTONEPATUBHO KPBAPEWE M bOJI HAKOH MWRO

bophe M. Tewmmh!, Munanko M. bypuh!, Hena M. Ilekapuh-Hakh?
I MemumuHckn dakyater, KiuHuka 3a croMaToJIoTujy,
Bemka IlerpoBuha, 21000 Hosu Can, JyrociaBuja
2 akynTeT TeXHWYKMX Hayka, OIcek 3a eJIeKTPOTEXHUKY M pavyyHapCTBO,
Tpr Hocureja O6pamosuha 6, 21000 Hou Can, Jyrocmasuja

Pesnme

VY pany cy npaheHu mocronepaTBHU 0O0JI U ITOCTONEPATUBHO KpBapeke 10 Kojer
MOKe 10hM HAKOH OMepaTMBHOT TpeTMaHa MapoJOHTOIAaTHje, MO3HATOr Kao Moaubu-
koBaHa Widmann pexaw omepamuja (MWRO). YV ucnutuBamwy cy nopeheHu mocrto-
jame M MHTEH3UTeT 00Jia 1 MOCTOIEepaTHUBHOI KpBapera Koj nalujeHaTa Koju ¢y Ouiu
U3JIOKEHU NejcTBY myjcupajyher enexkrpomarHeTckor mnojba (IIEMII) HemocpenHo Ha-
KOH orepanuje y Tpajamy on 30 MUHYTa Y OMHOCY Ha TpyIy MalujeHaTa Koja Huje Ou-
Jla u3jaraHa oBoM TpetMmaHy. CBU MallMjeHTH Cy HAa KOHTPOJIHOM Iperjiefly aHKeTupa-
HU O oBUM Terobama. Ha ocHOBYy noOHjeHUX OAroBOpa MOKEMO 3aK/byuUTH Ja je
ucrojbeH aHanrercku edexar [TEMII-a: nznaranu mauujeHTH Cy CyOjeKTMBHO HMMajd
cllabuju TocTonepaTuBHU 001 on HemsjaraHux. [locTorepaTuBHO KpBapeme ce HHUje
jaBMJIO HU KOJ jeIHOI MallijeHTa u3 o0ejy rpyra.
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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 >
Cacak, 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.

69



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 Condé (1956), lonescu (1955), Nosek
(1973), Paclt (1957) and Pages (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 Cook, 1896
emend Pages, 1959

Family: Campodeidae Lubbock, 1873
Genus: Campodea Westwood, 1842
Subgenus: Campodea Westwood, 1842
emend Silvestri, 1932

1. Campodea (Campodea) colladoi (Silvestri, 1932)

Syn.: Campodea ilixonis Denis, 1932

In the litter of mixed deciduous forest: June 24, 1990 (Ridage, about 4
km W of Cacak) 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 —
Karaman and Blesié, 1984)

2. Campodea (Campodea) posterior (Silvestri, 1932)

Syn.: Campodea (Campodea) posterior Wygodzinsky, 1944

In the soil of hilly meadow: May 20, 1990 (Vavedenje Monastery, about
6 km W of Cagak, 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 Bagnall, 1918

In the soil of:

— valley meadow: April 25, 1990 (Pridvorica, about 6 km W of Cacak)
3 males and 5 females; May 20, 1990 (Meduvrsje, about 10 km NW of Ca-
¢ak) 5 males and 6 females.
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— hilly meadow: May 20, 1990 (Vavedenje Monastery, about 6 km W
of Cagak, along the river W. Morava) 6 males and 2 females; June 10, 1992
(Konjevici, about 3 km E of Cacak) 1 larva; October 6, 1992 (Sebedi, about 3
km NE of Cacak) 1 male; March 1993 (Mili¢evci, about 10 km NW of Ca&ak)
1 female.

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

Distribution — Europe

4. Campodea (Campodea) wallacei Bagnall, 1918

In the soil of:

— valley meadow: July 1993 (Milicevci, about 10 km NW of Cacak) 1
male and 1 larva.

— hilly meadow: April 1993 (on the Jelica Mountain, at the altitude be-
tween 400 and 500 m, S of Cadak) 2 females; June 1993 (Miliéevci, about 10
km NW of Cac¢ak) 1 larva; June 1993 (Drenova, about 9 km NW of Cacak) 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 (Blesi¢, 1997; 1998)

Subgenus: Dicampa Silvestri 1932

5. Campodea (Dicampa) campestre lonescu, 1955

In the litter of:

— mixed deciduous forest: April 15, 1990 (Markovica, about 9 km SW
of Cacak) 1 male and 1 female; June 24, 1990 (Ridage, about 4 km W of Ca-
¢ak) 2 males; October 6, 1992 (Ljubié, about 1 km N of Catak) 1 female and
1 larva; October 1992 (Rakova, about 10 km N of Cacak) 1 larva and (Sokoli-
¢i, about 10 km NW of Calak) 1 female.

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

— oak forest: April 25, 1990 (Cagak) 1 male; May 20, 1990 (Vavedenje
Monastery, about 6 km W of Cagak, along the river W. Morava) 1 female; Ju-
ne 24, 1990 (Ridage, about 4 km W of Cacak) 4 males, 5 females and 1 larva;
June 1992 (Ljubi¢, about 1 km NW of Cagak) 1 larva; July 25, 1992 (Sokoli-
¢i, about 10 km NW of Cagak) 1 larva; May 1993 (on the Jelica Mountain, at
the altitude between 400 and 500 m, S of Cacak) 2 females; May 1993 (Ro-
7anj, 20 km N of Cagak) 1 larva; June 1993 (Drenova, about 9 km NW of Ca-
¢ak) 2 females.

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

— conifer trees: June 1993 (Milicevci, about 10 km NW of Cacak) 1 larva.

In the soil of:

— valley meadow: April 25, 1990 (Catak) 1 male; June 1993 (Klik, abo-
ut 10 km NW of Cac¢ak) 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 Cacak) 1 female; June, 1993 (Milicevci, about 10
km NW from Ca¢ak) 1 female; August 1993 (Drenova, about 9 km NW of
Catak) 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 Silvestri, 1931

In the litter of:

— elm trees: June 24, 1990 (Ridage, about 4 km W of Cacak) 1 male
and 1 female; July 25, 1992 (Brdani, about 15 km NE from Cacak) 1 larva;
June 1993 (Drenova, about 9 km NW of Calak) 1 female.

— mixed deciduous forest: October 2, 1992 (Ljubi¢, about 1 km NW of
Catak) 1 male.

In the soil of:

— valley meadow: April 25, 1990 (Cacak) 2 males; June 1993 (Klik,
about 10 km NW of Cacak) 3 larvae.

— hilly meadow: May 6, 1990 (Vidova, about 6 km NW of Cacak) 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 (Blesi¢, 1993, 1997).

7. Capodea (Dicampa) malpighii Silvestri, 1912

In the soil of:

— hilly meadow: May 6, 1990 (Vidova, about 6 km NW of Cacak) 2
males, 1 female and 5 larvae; June 24, 1990 (Ridage, about 4 km W of Cacak)
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 — Blesic¢, 1993)

8. Podocampa serbica Karaman and Blesié¢, 1983

In the litter of:

— oak forest: May 6, 1990 (Vidova, about 6 km NW of Cacak) 1 male;
May 1992 (Ljubié, about 1 km NW of Cacak) 1 larva; July 1992 (Sokoliéi,
about 10 km NW of Cagak) 1 female; April 1993 (on the Jelica Mountain, at
the altitude between 400 and 500 m, S from Calak) 1 female; June 1993 (Dre-
nova, about 9 km NW of Cacak) 2 females; September 7, 1993 (Milicevci,
about 10 km NW of Ca&ak) 1 female and 2 larvae.

— mixed deciduous forest: May 1992 (Ljubi¢, about 1 km NW of Ca-
¢ak) 1 male and 1 female; July 1992 (Preljina, about 5 km NW of Catak) 1
larva.
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— conifer trees: June 1993 (Milicevci, about 10 km NW of Cacak) 1 fe-
male; June 1993 (Klik, about 10 km NW of Cacak) 2 males, 6 females and 1 ?.

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

In the soil of:

— valley meadow: June 1993 (Klik, about 10 km NW of Cagak) 3 ma-
les, 5 females and 7 larvae; June and July 1993 (Drenova, about 9 km NW_of
Cacak) 2 females and 6 larvae; July 1993 (Miliéevci, about 10 km NW of Ca-
cak) 1 female. 5

— hilly meadow: June 1993 (Mili¢evci, about 10 km NW of Cacak) 2
females and 3 larvae; 5

June 1993 (Klik, about 10 km NW of Cacak) 4 males, 4 females and 4
larvae; August 1993 (Drenova, about 9 km NW of Cadak) 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 — Blesi¢, 1993).

Family: Japygidae Lubbock, 1873

9. Japyx sp.

In the litter of:

— hornbeam trees: April 15, 1990 (Vavedenje Monastery, about 6 km W
of Cacak, along the river W. Morava) 1 female; May 6, 1990 (Vidova, about 6
km NW of Cacak) 1 larva; May 20, 1990 (PreobraZzenje Monastery, about 12
km W of Cacak) 2 larvae.

— oak forest: April 15, 1990 (Vavedenje Monastery, about 6 km W of
Cacak, along the river W. Morava) 1 larva; _April 25, 1990 (Cacak) 1 female;
June 24, 1990 (Ridage, about 4 km W of Cacak) 1 female and 1 larva; May
1992 (Ljubi¢, about 1 km NW of Cacak) 1 female; June 1992 (Ljubié, about 1
km NW of Cac¢ak) 1 male and 1 female.

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

— mixed deciduous forest: April 15, 1990 (Markovica, about 9 km SW
of Cacak) 1 male, 3 females and 1 larva; June 24, 1990 (Ridage, about 4 km
W of Cacak) 1 female and 3 larvae; October 1992 (Ljubié¢, about 1 km NW of
Catak) 1 larva. 5

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

In the soil of: 5

— valley meadow: August 1992 (Trbusani, about 3 km NW of Cacak) 1
larva.

— hilly meadow: June 24, 1990 (Ridage, about 4 km W of Cacak) 3 fe-
males; May 1992 (Ljubi¢, about 1 km NW of Catak) 1 female; September
1992 (Sebeéi, about 3 km NE of Cacak) 1 female.

10. Catajapyx conffusus (Silvestri, 1929)

Syn.: Japyx conffusus Silvestri, 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 Cacak) 1 female; July and September 1993 (Mili-
éevci, about 10 km NW of Cacak) 1 female, 2 males and 5 larvae; June 1993
(Drenova, about 9 km NW of Cac¢ak) 4 females, 2 males and 1 larva.

— conifer trees: June 1993 (Miliéevci, about 10 km NW of Cadak) 1 fe-
male and 4 larvae; June 1993 (Klik, about 10 km NW of Cadak) 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 Cac¢ak) 1 larva; August 1993 (Drenova,
about 9 km NW of Cacak) 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 (Stach, 1929)

Syn.: Japyx serratus Stach, 1929; Japyx braueri Verhoef, 1904;
Japyx sinuosus Tuxen, 1930

In the litter of:

— oak forest: October 1993 (Klik, about 10 km NW of Cagak) 1 male.

— mixed conifer trees: August 1993 (Drenova, about 9 km NW of Ca-
¢ak) 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) (Blesi¢, 1998)

12. Japyx solifugus (Silvestri, 1903)

Syn.: Dicellura solifuga Holiday, 1865

In the litter of:

— oak forest: June 1993 (Drenova, about 9 km NW of Cacak) 1 male.

— mixed conifer trees: August 1993 (Drenova, about 9 km NW of Ca-
¢ak) 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 Silvestri, 1948 5

In the litter of conifer trees: June 1993 (Klik, about 10 km NW of Cacak)
1 larva.

In the soil of hilly meadow: April 1993 (on the Jelica Mountain, at the
altitude between 400 and 500 m, S of Cacak) 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
— Blesié¢, 1998).
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Order PROTURA
Family Acerentomidae Silvestri, 1907

14. Acerentulus traegardhii lonescu, 1937

In the litter of:

— elm trees: May 6, 1990 (Vidova, about 6 km NW of Cacak) 1 male;
May 20, 1990 (PreobraZenje Monastery, about 12 km W of Cacak) 1 female.

— oak forest: June 20, 1990 (Ridage, about 4 km W of Cacak) 1 male
and 1 larva.

— mixed deciduous trees: May 20, 1990 (PreobraZenje Monastery, about
12 km W of Cacak) 2 males, 3 females and 1 larva; June 24, 1990 (Ridage,
about 4 km W of Cacak) 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 (Blesi¢, 1997).

15. Acerella sp.
In the litter of oak forest: June 24, 1990 (Ridage, about 4 km W of Ca-
¢ak) 1 male and 1 female.

16. Acerentomon sp.

In the litter of:

— hornbeam trees: May 6, 1990 (Vidova, about 6 km NW of Cacak) 3
females; May 20, 1990 (PreobraZenje Monastery, about 12 km W of Cagak) 1
male and 5 females; June 20, 1990 (Ridage, about 4 km W of Cacak) 1 male,
2 females and 1 larva.

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

In the soil:

— valley meadow: June 1990 (Ridage, about 4 km W of Cacak) 1 female.

— hilly meadow: May 1993 (on the Jelica Mountain, at the altitude be-
tween 400 and 500m, S of Cac¢ak) 1 larva.

17. Acerentomon balcanicum Tonescu, 1993

In the litter of:

— hornbeam trees: May 1990 (Vidova, about 6 km NW of Cagak) 3 ma-
les and 2 females; April 1990 (Cacak) 3 females.

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

— mixed deciduous trees: May 20, 1990 (PreobraZenje Monastery, about
12 km W of Ca¢ak) 1 male.

In the soil of:

— valley meadow: May 1990 (Meduvrsje, about 10 km NW of Cacak) 3
females and 2 males.
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— hilly meadow: May 1990 (Vavedenje Monastery, about 6 km W of
Cacak, along the river W. Morava) 1 larva.

Body length about 1.5 mm.

Distribution: Yugoslavia and Greece (Blesi¢, 1993).

18. Gracilentulus gracilis (Berlese, 1908)

Syn.: Gracilentulus gracilis Tuxen, 1964

In the litter of:

— oak forest: April 1993 (on the Jelica Mountain, at the altitude be-
tween 400 and 500 m, S of Calak) 2 females and 1 male; May 1993 (RoZanj,
about 20 km N of Cacak) 1 female; July 1993 (Milicevci, about 10 km NW of
Cacak) 1 female and 1 male; October 1993 (Klik, about 10 km NW of Cagak)
1 female.

— conifer trees: June 1993 (Mili¢evci, about 10 km NW of Calak) 5 fe-
males and 3 males.

Body length about 1.5 mm.

Distribution: cosmopolitan (Nosek, 1973).

19. Gracilentulus meridianus Condé, 1945

Syn.: Gracilentulus meridianus Tuxen, 1964

In the litter of oak forest: July 1993 (MlllceV01 about 10 km NW of Ca-
cak) 1 female; August 1993 (Drenova, about 9 km NW of Cacak) 2 males, 4
females and 1 larva.

Body length between 1.1 and 1.3 mm.

Distribution: France and Spain (Nosek, 1973).

Family Eosentomidae Berlese, 1909

20. Eosentomon transitorium Berlese, 1908

In the litter of:

— hornbeam trees: May 1990 (Vidova, about 6 km NW of Cacak) 2 ma-
les, 1 female and 1 larva; June 1990 (Ridage, about 4 km W of Cacak) 7 fe-
males, 2 males and 6 larvae.

— oak forest: May 1990 (Vidova, about 6 km NW of Cacak) 1 female
and 1 larva; May 1990 (Vavedenje Monastery, about 6 km W of Cacak, along
the river W. Morava) 1 female and 5 males; June 1990 (Ridage, about 4 km
W of Cacak) 6 females, 8 males and 1 larva; October 1992 (Konjevié, about 3
km E of Calak) 1 larva: April 1993 (on the Jelica Mountain, at the altitude
between 400 and 500 m, S of Cagak) 1 female; May 1993 (Rozanj, about 20
km N of Cagak) 1 larva; September 1993 (Milicevci, about 10 km NW of Ca-
¢ak) 1 female, 1 male and 1 larva; August — September 1993 (Drenova, abo-
ut 9 km NW of Cacak) 2 males, 3 females and 1 larva; October 1993 (Klik,
about 10 km NW of Cacak) 1 female.

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

— conifer trees: June 1993 (Miliéevci, about 10 km NW of Cacak) 1
male.
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In the soil of: 5

— valley meadow: May 1990 (Meduvr§je, about 10 km NW of Cacak) 1
larva; May 1990 (Vidova, about 6 km NW of Cacak) 1 female; June 1993
(Milic¢evci, about 10 km NW of Cacak) 1 female.

— hilly meadow: July 1993 (Mili¢evci, about 10 km NW of Cacak) 1
female, 5 males and 1 larva; May 1990 (Vidova, about 6 km NW of Cacak) 1
female, 3 males and 1 larva; June 1993 (Mili¢evci, about 10 km NW of Ca-
Cak) 1 female; September (ibid) 3 females and 1 larva; August 1993 (Drenova,
about 9 km NW of Cacak) 3 males and 1 female.

Body length between 1.3 and 1.5 mm.

Distribution: cosmopolitan (Blesié, 1993, 1997 and 1998).

21. Eosentomon coiffaiti Condé, 1961

In the litter of:

— oak forest: June 1993 (Klik, about 10 km NW of Cacak) 1 male;
July—August 1993 (Drenova, about 9 km NW of Cactak) 4 males and 8 fema-
les.

— conifer trees: June 1993 (Milicevci, about 10 km NW of Cacak) 1 fe-
male; June 1993 (Klik, about 10 km NW of Cac¢ak) 1 female.

Body length about 1.3 mm.

Distribution: Maiorca (Nosek, 1973).

Family Protentomidae Ewing, 1936

22. Hesperntomon sp.

In the litter of:

— conifer trees: May 20, 1990 (PreobraZzenje Monastery, about 12 km W
of Cacak) 1 female.

— mixed deciduous trees: May 20, 1990 (PreobraZenje Monastery, about
12 km W of Cacak) 1 female. 5

— valley meadow: July 1993 (Vidova, about 6 km NW of Cacak) 1 fe-
male.

— hilly meadow: May 1990 (Vavedenje Monastery, about 6 km W of
Cacak, along the river W. Morava) 1 female; July 1993 (Milicevci, about 10
km NW of Cacak) 1 larva.

23. Hesperntomon carpaticum (Ionescu, 1930)

Syn.: Hesperntomon carpaticum Tuxen, 1964

In the litter of oak forest: July 1993 (Drenova about 9 km NW of Cacak)
1 male.

Body length about 1.75 mm.

Distribution: Romania, Greece, Poland, Croatia (Dalmatia), Bosnia (Cv1i-
jovicé, 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 Cacak.
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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. 5

The order Protura was represented in the surroundings of Cacak 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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NCTPAJKKUBAA DIPLURA 1 PROTURA Y 3ATTIAJHOJ CPBUIN

bena @. bnecuh
IIpupogHo-maTeMaTnuk dakynrer, YHUBep3uTeT y Kparyjeiy,
34000 KparyjeBau, Jyrociasuja

Pesume

UctpakuBamwa y 3ananHoj Cpouju Ha oko 20 yjokanutera (okonrHa Yauka) To-
KOM HEKOJIUKO TOIMHA (y IIYMCKUM W JIMBAICKUM EKOCHCTEMUMA) pe3yThpaia cy ca
150 jemunku Diplura v 230 jenuuku Protura. Jenuuke Diplura cniagajy y 13 Bpcrta, a
Protura y 10 BpcrTa.

HajmHoro6pojuuja Bpcta Diplura je ouna Podocampa serbica (ca 73 jenuHke) a
on Protura Bpcta Eosentoman transitorium (ca 117).

Ilo npBu nyt je y daynu Jyrocnasuje (Cpbuja u Llpua T'opa) on Diplura ycra-
HOBJbeHA BpcTa Japyx solifugus, a on Protura Bpcre: Gracilentulus gracilis, meridiona-
lis u 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 Pallas) 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 MiloSevo
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 Milosevo (I = 0.87).

KEY WORDS: allozyme, brown hare (Lepus europaeus Pallas), 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
(Hartl, 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 (Randi, 1993). In such populations, dur-
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ing one generation, certain genes could be extinguished, and other fixed (E m -
ery, 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 (Harris, 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 (Selmi¢, 1997,
Vapa and Selmié, 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 (Hartl et al,, 1987, 1990, 1992; Vapa et al.,, 1994, 1995,
1997, 1999; Suchentrunk 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-
Sevo, 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 ul (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 (Vapa et al., 1999).

Genetic identity (I), genetic distance (D), and UPGMA dendogram were
calculated according to Nei (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

Locality and number of hares

Locus Allele Novo Milosevo Donji Petrovac Turija Mean value
6
Est-1 a 0.83 0.75 1.0 0.86
b 0.17 0.25 0.0 0.14
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
Est-2 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
a 0.08 0.0 0.0 0.027
Est-3 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
a 0.5 0.75 0.5 0.58
Est4 b 0.5 0.25 0.5 0.42
a 0.0 1.0 0.33 0.44
Est-3 b 1.0 0.0 0.67 0.56
a 0.25 0.375 0.17 0.265
Est-6 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 10 1.0 1.0 1.0
0dh-2 a 10 1.0 1.0 1.0
Pam-1 a 1.0 1.0 1.0 1.0
a 0.8 1.0 1.0 0.93
Pem-2 b 02 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, Hartl 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, Vapa 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 Hartl et al. (1990, 1992) as well as Suchentrunk 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.), Hartl and
Hoger (1986) found polymorphism for both loci, Me-1 and Me-2. Locus
Me-1 in these investigations was polymorphic, while Hartl (1987) and
Vapa et al. (1999) found that the isozyme ME (for locus Me-I) is mono-
morphic. Hartl et al. (1990, 1992), Vapa et al. (1994, 1999) and Suc-
hentrunk 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 MiloSevo 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 MiloSevo, I = 0.87 (Figure 1). The highest value for
genetic identity in hare populations in Vojvodina was obtained between the
populations from Despotovo and Pacir (I = 0.98) by Vapa et al. (1999).

Tab. 2. — Genetic identities (above diagonal) and genetic distance (below diagonal) in the hare
populations
Population Novo Milosevo Donji Petrovac Turija
Novo Milosevo — 0.87 0.95
Donji Petrovac 0.14 — 0.91
Turija 0.05 0.09 —
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Turija

0.95
—091] L Novo Milosevo
Donji Petrovac
0 0.85 0.90 0.95 1.0

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

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 MiloSevo 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 Milosevo, I = 0.95, somewhat lower be-
tween Turija and Donji Petrovac, I = 0.91, and the lowest between the individ-
uals from Novo MiloSevo and Donji Petrovac, I = 0.87.
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Pesume

VY pany je ucnuTuBaHa reHETHMYKa OJIMCKOCT ToIyJaliuja Bpere Lepus europaeus
M3 TKUBA jeTpe. AHaIu3UpaHo je 13 jemnMHKW Koje MoTUUy ca Tpu JokanurteTa: Typuja,
HoBo MwunomeBo u Homu IlerpoBan. McrmTuBaHa je BapujaOMIIHOCT 5 €H3UMCKHUX
cuctema (EST, ME, ODH, PGM, SOD) koju cy kogupanu ca 12 nokyca. [Tonmumopd-
HU cy Ounu nokycu Est-1, Est-2, Est-3, Est-4, Est-5, Est-6, Me-1 v Pgm-2 ca npa 1o
cenam anena. Hajpeha reHernuka OJMCKOCT yCTaHOB/beHA je u3Mely jeMHKU ca JIoKa-
sutera Typuja 1 HoBo Mumomeso I = 0.95, nemro Hwxa usmely Typuje u lower
IMerpoBua I = 0.91, a Hajuwka usmely jenunku u3z Hosor Munowesa u dower Ile-
tpoBua I = 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 Mason (1974) buffaloes belong to the order Artio-
dactyla, suborder Ruminantia, family Bovidae and subfamily Bovinae. Within
that subfamily Bohlken (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. (Bokonyi, 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
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buffaloes to Germany, where in 8§74 A.D. there was a mention of a place cal-
led Buffileba (Bokonyi, 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 (Zahariev, 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 (Ishirkov, 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 (Taba-
kov, 1911).

The Hungarians probably introduced many buffaloes into Europe, accord-
ing to data presented by Bokonyi (1974). Szentkirdly (1889) menti-
ons buffaloes in Transilvania in the 11th century. In the King Bela’s founda-
tion deed of Domos 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.

Buffon (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. Deverius 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. Ulmanski (1926) quotes that al-
ready about 1200 A.D. they were numerous in Macedonia. The monastery De-
¢ani 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
Dusan 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 (Kati¢, 1978). At the coast
and in Konavli, according to Jirecek (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. Mijatovic¢ (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, Kostié (1921) cited
several sources speaking about breeding of buffaloes. Kontarini (1550)
on the part of Constantinople road that passes through Serbia, met a cart pul-
led by two buffaloes.

On the road between Ni$ and Pirot, Gerlach (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. Boué
(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 Han 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”. Karadorde 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 Kosti¢ (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 KnjaZevac district, M acaj (1966) cites that some buffaloes are seen
in the very district town.

Concerning the buffalo breeding in Transylvania, a detailed description
was provided by Vunderlich (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 Savic¢ (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—38 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 1/8 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. 5

Buffaloes are kept in the NiSavski district of Pirot area, in Barje, Ciflik of
the Rasnica community. Along the addition to Tocica river in the Dobricki
district people keep buffaloes in cattle and they are very satisfied with them.
In the Zvecan 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 PriStina). A common buffalo gives about 200 okas of
meat. Buffaloes are also raised in Bujanovac and Trnavac. In the Gracanica
district, the following villages raise buffaloes: Bivoljak, Crkveno, Vodice,
Krusevac, 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.
Borovszky (1921) reported that count Cekoni¢ presented at an exibition
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one bull, 12 females and 8 buffalo calves. Describing the estate of count Ce-
koni¢ in Jimbolia, Popovic¢ (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 ,, Tezak” 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. Jovic¢ic¢ (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
Becej, and even in 1946 eight buffaloes were transferred from Coka to Novi
KneZevac for agricultural estate ,,Spasoje Steji¢”. 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 Backa Topola (Truzinski) 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. Denié¢ (1898) reported that the people of
the Leskovac area raise buffalo females for work. On the basis of Statistical
Yearbook of 1904, Tartler (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, Nemeth
(1913) concluded that in SandZzak 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.

Tartler (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, Maymone (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 Salerno (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 Franges§ (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 Belié (1995):

1921 1931 1939
Number of buffaloes 51,470 40,563 38,004
Per 1 km?2 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 Sandzak.

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 km?2 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 RaSka area.
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I[TOPEKJIO, AOMECTUKALMJA U ILIUPEHLE JOMAREI BMBOJIA
(Bubalus bubalis) Y JYTOCIIABUIN

Tumorej M. Yobuh
IMomonpuBpenuu dakynrer, Tpr. 1. O6pamouha 8, 21000 Hosu Can

Pe3ume

VY pany cy nmpukazaHW TIOPEKJIO M 300JI0lIKe ominke noMmaher ouBona (Bubalus
bubalis), weroBa IOMeCTUKallMja U IIMPEeH-E y CBETY M Koi Hac. buBojau cy y Hairy
3eMJby JOILIM M3 JBa MpaBlia, jyKHOT U ceBepHor. [IpBeHCTBeHO cy KopuitheHU Kao
Teriehe )XKMBOTUILE, 3aTUM 3a MPOU3BOAY MJIEKa, JOK je IMPOM3BOIAHha Meca Ouiia ce-
KyHIapHor kapakrepa. CMarpa ce /ia Cy Kao BydyHa CTOKa jayu OJi BOJIOBa, a MOCEOHO
Cce MCTUYE HUXOBAa CKPOMHOCT Y MCXpaHU M MOryhHOCTU Kopulllherha XpaHe JIOIIUjer
KBajuTeTa. Y ycCJIOBUMa MHTEH3MBHOT JpiKarba MOTY Jia MOCTUTHY MJiedHocT on 1800
kg, ca BHCOKMM campikajeM MiedyHe MacTu. Kao 3ampeikHe KUBOTHUHbE OWBOIU CY
3aMEHEHM Hajipe KOWMMa, a 3aTUM TPaKTOpMMa, IITO je JOBEJO OO0 Ollajarha HU-
XOBOTI' 3Hauaja y nospomnpuBpenu EBpome. Meljytum, y cBeTy je OMBO join yBeK He3a-
MEHMB, ITOCEOHO Y PEOHMMaA rajerba NMUupuHYa.
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UDC 614.23(497.1):929 Milin J.

IN MEMORIAM

ITpod. np JOCUD MUIIUH
(1943—2000)

IIpepanum omnackoM y BedHU cMupaj npod. ap Jocuca Mwununa (18.
jyna 2000), BeIuKOr pagHWKA M 3HATHIKEJbHMKA, HEMUPHOT JyXa, y LIUPOKO]
HAy4YHOj jaBHOCTU aMpMHCAHOT HaydyHUKa, Ha yHUBep3uTeTuma y Jyrocia-
BHjH TTO3HATOT M TMOCEOHO YBa)KEHOT HAcTaBHWKa, M MaTHIla CpricKa je OocH-
pomaileHa 3a jenHor ymienHor CTajHOI wiaHa capaaHuKa.

Jocud Mwunun je pohen 14. mapra 1943. rogune y beuejy, OcHOBHY
LIKOJIy M TMMHAa3ujy je 3aBpiino y CapajeBy, a MeauuuHcku dakynrer y Ho-
BoMm Cany 1967. romune. Hakon guriomuparsa u3abpaH je 3a acMCTEHTa Ha
Karenpu 3a xucronorujy u emopuosorujy. OBuM M300pOM O3HAUEH je Moue-
TaK MHTEH3MBHOI paja Ha CTPYYHOj U HAy4YHO] HAArpaatbu, 00pa3oBamby Ipy-
IMX U KOMILUIETHpalhy CBOjeé HAaCTaBHO-HayyHE JTMYHOCTU.

Op6paHom Marucrapckor pama 1974. u mokropcke auceprauuje 1976.
TOAMHE YBPCTHO Ce Y 3ama)keHe XUCTOPU3NO0IoTe HEYPOSCHIOKPUHOT CHCTeMa,
ITO je, y3 OOMMaH HAayYHOMCTPaXKMBAYKK pal M TIeJarolIko MCKYCTBO, pe-
3yJTUPAIO U300POM y CBa HACTaBHMYKA 3Barba (AOLIEHT 1977, BaHpeAHU TpoO-
decop 1982. u penmoBHu mpodecop 1987. romgune).

Crieuujanusanujy M3 rMHEKOJIOrMje U akyliepcTBa 3aBpiiuuno je 1978. ro-
JIUHE.

CBoje ycaBplllaBamkhe, 00pa3oBamkbe M HaArpaily peaan30Bao je CTpyd-
HO-HAayYHUM OopaBuMMa 1 panoM y MHCTUTYTY 3a marojiorujy MeauimHCKOr
¢akynrera y 3arpedy, MHCTUTYTY 3a XUCTOJOTHU)y U eMOpuosorujy y JInony,
Wuctutyry 3a Ouonorujy Yuusep3uteta Jyvaskyli y ®dunckoj, Cekmuju 3a
HeypoeHIokpuHoJorujy BajcmanoBor neHtpa Memucon y CAJl, Hayunom
ueHtpy vy Can AHtonujy y CAL...

OICeXKHUM UCTPOKUBAYKUM PAIOM U CTBapajalliTBOM HAay4YHOj jaBHOCTHU
U KpUTULIM CTAaBUO je Ha YBUJ CBOja JOCTUIHyha McKazaHa y ceaaM MOHOTIpa-
¢duja y jyrocioBeHCKMM M3IarbuMMa; ocaM MoOHOTpaduja y MHOCTPAaHUM H3-
JamkbnMa; y ocaM YHUBEP3UTETCKUX YIIOeHWKA; ¥ 23 pama y MHOCTpAaHUM 4aco-
nucuma, y 27 pagosa y gfomahum yaconucuma, y 48 caomniurera Ha MHOCTpa-
HUM HaydHuUM ckymoBuMma u 80 Ha gomahuM, IITO TIpeAcCTaB/ba 3aBUIHY
acdupmaliujy HeroBe M Hallle HayuHe MUCIIU.
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IIpod. np Jocmp MunuH je, mopea 3HayajHOI IONPUHOCA OOpPa30BHUM
MHCTUTYLIMjaMa y KOjUMa je paauo y HAYyYHOM CTBAapajallTBY U3 Pa3IUYUTUX
o0Js1acTu, 3ana)eHy akKTMBHOCT MCIMOJ/bMO Y MHOTOOPOjHUM CTPYYHUM M Hayd-
HUM YApPY)KeHhUMa y 3¢MJ/bM M MHOCTPAHCTBY.

CBOJI/IM IIpepaHuM M M3HEHAAHUM ojjiackoM Ipod. ap Jocud MunuH
HUMIITA HUje onHeo ca cobom. Cae HaJJ'Iel'H.LIC U HajooJbE OCTABUO j€ CBOjOj
MOPOAUIIM, HAYYHO-0OPa30BHUM MHCTUTYLIMjaMa MEAUMLIMHCKMX (aKyaTeTa y
Hosom Cany, Kparyjesiy, Iloaropuiiu, npupogHoMaTeMaTUYKUM dakyaTe-
uMa y HoBoM Cany u Iloaropuuu, CTpydHUM M HAyYHUM YApPYKE€HMMa, Kao
u Martuuu cprckoj. ITpod. np Jocud MuvH je octaBuo Beoma 3HauyajaH Ha-
YUHOMCTPAXKUBAUKU OIYC U JOMPUHEO yrjaeay M acbhupMmalivju MOMEeHYTUX WMH-
CTUTUTYLIMja, YMME je, Topea ceharba U 3aXBaTHOCTU, 3aCIYKMO MOCEOHO MO-
IITOBalhe U yBa)KaBaibe.

Ipocp. op Jpacuwa Ilodosun
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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.

99



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. Tllustrations

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—#, 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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VYIIVTCTBO 3A AYTOPE

1. Omiute HaromeHe

1.1. 300pHUK 3a TIPUPOJHE HayKe MpUMa OpPUTMHAJIHE paloBe U TIpe-
[JIeJHEe WIaHKe Kao M KpaTKa CaolllTeHa U3 CBUX HAyYHMX 00JIaCTH Koje 00-
yxBaTa Ha3uB yaconuca. [IpersienHu pagoBu ce objaBibyjy caMO Ha IO3UB pe-
nmaknuje. PagmoBu koju cy Beh 00jaBJbeHM WJIM Cy MOCJIAaHU 3a 00jaBJbUBaIbLE Y
JIpyroM 4acoIiucy He MOry OuTuh mpuxBaheHU.

1.2. IlpuxBarajy ce pyKonucH MUCAaHU HAa SHIJICCKOM je3uKy. Je3auk Mopa
OUTHU ucrmpaBaH y IOIJIEAY rpaMaThKe M CTWIa. Ayropu Tpeba Ja Ipenajy py-
KOIIUC y TPU TpUMepKa (OpUTMHA U JIBE KOMUje). AYyTOPU UMjU MaTePHU je-
3UK HHUje CHIJIECKM Takohe Tpeba dga MpUJIOKEe M KOMNUjy paga Ha M3BOPHOM
je3UKYy.

1.3. Ilo npumary pykomnuca, ayropu he nooutu peagHu Opoj cBora paja.
Taj 6poj Tpeba HaBoAMTHU y Jasboj npenucuu. Pemakuuja he obaBecTUTH ayTo-
pe o mpucriehy pykomnuca U MUIUbEHY PELEH3eHaTa y POKY O TpU Mecelia
on npujeMa. CBaku paa peUEH3Mpajy HajMame IBa pelieH3eHTa. AKO pal He
Oyne mpuxBaheH, pykomnuc ce He Bpaha ayrtopy.

1.4. Pykommce 3a o0jaBipuBarbe Tpeba cliaTy Ha aapecy pemakmuje 300p-
HuKa 3a npupoaHe Hayke, 21000 Hou Can, Y. Matuue cpricke 1, Jyrocia-
BUja.

2. Ilpunpema pykomnuca

2.1. Pykonucu ce Kylajy ca ABOCTPYKMM IIPOPEIOM Y CBUM JAcJIOBMMa
TekcTa (yK/byuyjyhu nureparypy, Tadese utd.), Ha nmanupy ¢dopmata A4. Cie
MapruHe Tpeba ma Oymy mmpoke 2,5 caHTUMETpa.

2.2. Pykormmc Ttpeba momenutu Ha: Caxkerak, Kibyune peum, YBom, Ma-
Tepujasl u/uau mertonae, Pesyntatu ucnutuBawa, Pacripasa, JIuteparypa, Ca-
JKeTaK Ha CPIICKO-XPBAaTCKOM je3UKY, 3aXBaJIHOCT.

2.3. HasuB paga Tpeba nma Oyae mH(pOpMaTUBaH, ali HE OY>KM OJ JeCeT
peun.

2.4. KibyuHe peuu Tpeba Ja ykasyjy Ha LIEJOKYMHY MpOOJEeMaTUKy HC-
TpakmBarba. Tpeba WX HaBeCTH abelleAHWM peIoM M OIBOJUTH 3ape3nma.
Kmbyure peun He Tpeba ma Tipel)y CTO CITOBHMX 3HAKOBA.

2.5. Tpeba HaBecTH Mpe3uMMeHa, CPellle CIOBO M MMEHa ayTopa paja
Kao M Ha3uB ycTaHoBe (0e3 ckpaheHmMIa) y KOjoj je pam HacTao, 3ajeJHO ca
ITyHOM TTIOIITAHCKOM alpecoM.
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2.6. CaxeTak, Ha €HIVIECKOM M CPIICKOM, TpebOa jga Oyme mHbopMaTHBaH
U Ja pe3uMupa campikaj pamga. Jy)KuMHa €HIJISCKOT CcakeTKa Tpeba ma Oyde 1o
5%, a cprckor go 10% nyxmuHe ykymHor tekcta. CpIICKM ca)keTak Tpeba aa
caap)Ky HacJIoB paja, Mpe3ruMeHa U MMeHa ayTopa M Ha3WB YCTaHOBE Yy KOju-
Ma Cy ayTOpu 3aIlOC/IeHH.

2.7. Tlogatke o (uHaHCHjcKOj moMohu, caBeTMMa M IPYTMM BpcTaMa
nmomohu Tpeba HaBeCTM Ha Kpajy pana, oA HAcJoBOM 3axBaJHOCT.

2.8. PagmoBu He cMejy OuTU ay:ku oj 12 KyllaHMX CTpaHa, YKJbydyjyhu
JuTepaTypy, Tabese, JereHIe U CIUKE.

3. JIutepatypa

3.1. Jluteparypy Tpeba OrpaHMYMTH Ha HeomxonaH Opoj HaBona.

3.2. JIutepaTypHe HaBojie Tpeba CIOKUTU abeleIHUM PEIOM, Ha ciele-
hu HauuH:

a. Ynanum u3 yaconuca Ayrop CD, Ayrop DC (1990) Hazus pana. Mme
yaconuca 135: 102—134.

0. YnaHum m3 Kmbura

Aytop ED, Aytop SI, Ayrop BB (1991) Ha3uB nutupaHor aena Kibure.
V: A. Blom, B. Lindau, Eds., Ha3suB kwure, Ed 3, Vol 2, W3nasau, I'pan,
242255,

B. Jluceprauuje
Aytop VA (1989) HaszuB Te3e. JlokTopcka mucepralivja. YHUBEpP3UTET,
I'pan.

r. Kmure
Ayrop AE (1987) HasuB kwure, M3nasauu, I'pan, 237.

n. Ilybnukamuje 0e3 ayropa WiM ypemHHKa
Hasus kmure, opomrype, uta. (1989) MznaBau wium ycraHosa, I'pam.

h. HeoGjaBibeHU pagoBu

Hasop ,,y mrammm” Tpeba ma ce omHOCH camMo Ha IipuxBaheHe pamose;
HaBeCTW MMe Yacolmca y Kojem he pam OuTu oOjaBibeH.

3.3. MmeHa yaconuca tpeba ckpahupatu npema ,,Bibliographic Guide for
Authors and Editors” (BIOSIS, Chemical Abstracts Service and Engineerings
Index, Inc., 1974).

3.4. PedepeHle y TekcTy Tpeba Aa yk/byde Mpe3uMe ayTopa U TOAUHY
u3gama. AKO MMa JiBa ayTopa, Tpeba HaBeCTM O000jully, a y clydyajy Tpu Wiu
BUIIIE ayTopa Tpeba HaBeCTW NMPBOT ayTopa M Ha3HaYuTH et al.”.

3.5. AKo ce HaBoje JBa WM BUIIE PaloBa UCTOI ayTopa, 00jaB/beHUX Y
HUCTO] TOAUHU, MOTPEOHO je y TEKCTy W CIIMCKY JuTepaType CTaBUTU a, b, ¢
WUTJ. 132 TOIWHE 00jaB/bHBaHbA.

4. Nnyctpauuje

4.1. 3a wiycTpalMje MOTY ce KOPUCTUTU LIpHO Oeje ¢oTorpacduje u up-
texxn. Dororpaduje Tpeda ga MMajy 1obdap KOHTPACT a LPTeKU Tpeba na Oymy
LpTaHU TyllleM, Ha manupy Aobpor kBaiuteTa. OcuMm rpacdukoHa, MeTabo-
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JINYKEe IIeMe, KOMIUTMKOBaHe (hopMysie M BeJMKe WM KOMIUIMKOBaHE Tabele
Takohe Tpeba TpeTupaTu Kao CIUKE.

4.2. Cpa cioBa, Opojke U cuM0boau Tpeba ma Oyay JOBOJBHO BEJIMKHU Y
OpUTMHAIy, TaKo Ja MOCJe CMambrBamka He Oyay Mawbu of 1,5 mm. TekcT Ha
clvKaMa U rpaduKoHMMa Takohe Tpeba McrucaTd TYILIEM.

4.3. Nnyctpauuje Tpeba MPUIOKUTU Y3 pal a He yMeTHyTe y TekcT. Ilo
MoryhHOCTH, JiereHae Tpeba Ha3HAYWTH Ha WIycTpalujama.

4.4. Mecra wiycTpauyja Tpebda O3HAUUMTHU Ha JIEBOj MapIMHU, apariCKUM
OpojeBuMa.

4.5. Cpaka wmiycTpaluja Tpeba Ja mMa TEKCT KOju oOjallmaBa Camapikaj
npujora. TekcT 3a uiaycTpauuje Tpebda KylaTh Ha II0CEOHO] CTpaHMU.

5. Tabeine

5.1. Tabene Tpeba KylLaTu Ha OJBOjeHMM cCTpaHama (jemHa TabOena IO
CTpaHM) U TIPWIOKUTU MX Ha Kpajy paja.

5.2. TaGene ce o3HauaBajy apalcKuMm OpojeBMMA.

5.3. Cpaka Tabesna Tpeba ga IOYHE HACJIIOBOM KOju O0jalllhaBa HhEH ca-
JIpIKaj.

5.4. HammomeHne Tpeba KyuaTtu ogMax MCIION caMe Talele.

5.5. Mecra Tabena y TeKCTy Tpeba O3HAUMTU Ha JIEBOj MapruHM.

6. Jenunuie, nMeHa, gopmysie u ckpaheHuie

6.1. Tpe6a kopuctutu SI o3Hake KoiauuMHa M jenuuuna (SI Systeme In-
ternational d’Unit’s), U3y3eTHO ce€ MOTY KOPUCTUTU M JIpyre 3BaHUYHO TPU-
xBaheHe jemuHulIe.

6.2. MonapHy KOHLeHTpaLujy Tpeba o3Hauuth ca M u moasyhu.

6.3. buosionmka MeHa Ha JJaTUHCKOM Tpeba roaByhn.

6.4. Xemujcke CTpPyKTypHe (opMylie M jeqHaumHe Tpeba Haupratyd (He
WUCIMCUBATU WM KylLaTW) U IIPUIIPEMUTU 3a (DoTorpadcKy penpomyKiujy.

6.5. TlpuxBarajy ce camo craHmapmHe ckpahenume. [lpu kopunrherby
crieliMjaTHuX ckpaheHuua, myH TEpMUH Tpebda HABECTU MPUIMKOM MPBOT CIIO-
MUHbakha, a CKpaheHMIly AoJaTu 1O HABOIHUM 3HAlMMA.

6.6. MaremaTnuku u3pas3u Tpeba ga Oyay HalMCaHM TAaKO Ja CE KOPUCTU
HajMawu Opoj peloBa, alu Ja ce cayyBa UUT/BUMBOCT, HIIp. 2/3 ymecto 2:3,
exp (-ab) ymecro a-ab, uTH.

7. Kpatka caormmremma

7.1. 300pHUK 3a MIPUPOIHE HayKe Hyau MoryhHocT o0GjaB/buMBama KpaT-
KUX CaoIllliTeha O CBUM HaydYHMM objacThma oOyxBaheHMM Ha3MBOM Yaco-
numca.

7.2. BenmnmumHa KpaTKOr CaoIIITeIha je orpaHMYeHa Ha 4 KyllaHe CTpaHe,
yKJby4yjyhn cBe mirycTpamuje.

7.3. Kpatko caomiurere ce Tuille IO yIOYyTCTBMMA 3a TPUIIPEMYy paja
HOpMaJiHe Ay)KMHE, CeM IITO Y JUTepaTypu Tpeba M30CTaBUTH HACIOBE paja.

8. ObGaBelTaBarbe ayropa

8.1. Kama pykonuc 6yne npuxaheH, ayrop he o mpuOIMKHOM BpeMeHY
o0jaBbMBaba OMTU O00aBeIITeH y MUCaHOj (POPMHU.
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8.3. McnpaBmbame TEKCTa MPUIIPEMIbEHOT 3a ILITaMITy Tpeba OorpaHUYUTU
Ha IlITaMIlapcKe Tpellke. 3HavyajHe MpoMeHe Tekcra he ce HarahuBatu. Ko-
PUTOBaHM TEKCT Tpeba BpaTUTU YPEAHUINTBY y Hajkpahem moryhem poky.

8.3. Ayropu no6wujajy 50 OecruiaTHUX NMpUMepaka cerapara. AKO ayTop
JKenu BehM Opoj cemapaTa MOKE€ MX HApyduTU KOJ M3[JaBaya y3 HaJOKHaIy.

9. KOITHNJA PAJA HA JUCKETU

Ilocne nmpuxBarama paga MOTPeOHO je JOCTABUTU JUCKETY ca KOHAYHOM
Bep3ujoM paga. duckera Tpeba ga caap:Ku TEKCT paga, Tabese U cluke (IIpu-
Jiore) Ha DD wau HD aucketu ox 3,5 unua. [lpunoxkure U jenHy KOTUjy Of-
IITaMIAHOI paja paau Jlakiie oOpane Tabema m ciavka. Moaumo jga obpamy
TekcTta BpiuuTe nporpamomM Word for Windows (6uno koja Bepauja). [Tpunu-
KOM KOIlMpama paja Ha AUCKETy, Mpuap:kaBajre ce ciaenaehe mpouenype: File>
Save as>Options>Embed True Type fonts>ok>Save.
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