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DYNAMICS OF GENERATING TRANSIENTS
OF DELAYED FLUORESCENCE INDUCTION SIGNAL
AND PHOTOSYNTHETIC ANTENNAS:
A POSSIBLE RELATIONSHIP. MATHEMATICAL
MODELING APPROACH*

ABSTRACT. A mathematical model was developed for resolved temporal transients
of experimentally recorded delayed fluorescence (DF) induction signal. During an intermit-
tent light regime, antennas of the photosynthetic apparatus were treated as targets, repea-
tedly hit by potentially absorbable photons within a series of consecutive light flashes. For-
mulas were derived for the number of antennas, cumulatively hit by a specific number of
photons, as function of the flash serial number (time). Model parameters included: number
of absorbable photons in one flash, antenna sizes and numbers. A series of induction curves
were analyzed, obtained from a Zea mays L. leaf segment and differing in the previous dark
period (tq). Each curve, consisting of the two most prominent DF transients (C and D), was
fitted with several model types, differing in the number of absorbed photons. For both tran-
sients, the best fitting result was achieved when DF induction was linked to the second ab-
sorbed photon. As expected, model parameters related to antenna sizes showed weaker de-
pendence on ty than those referring to antenna numbers. With restrictions applied in this
model, the two DF induction transients may be related to two classes of photosynthetic an-
tennas. Their different sizes may have a predominant influence on the efficiency of photon
absorption, and possibly time-dependent appearance of DF transients.

KEY WORDS: delayed fluorescence, photosynthetic antennas, induction transients,
mathematical modeling, Zea mays L.

* Authors dedicate this paper to the memory of a countenance and deeds of Dragan
Fidler’s.



INTRODUCTION

Delayed fluorescence (DF) phenomenon can be described as lighting of
green plants, algae and photosynthetic bacteria in red range of the visible spec-
trum, immediately upon their illumination. In the final step, DF is created by
the same S, — S, transition as prompt fluorescence (Lang et al., 1991;
Krause et al,1991). But very different lifetimes, 1.5 ns or less for prompt
fluorescence (Govindjee et al., 1990; Schmuck et al., 1992) compa-
red to nanoseconds (Sonneveld et al, 1981; Mimuro et al., 1999),
over microseconds (Haveman etal, 1975; Holzapfel et al, 1974) and
milliseconds (Hipkins etal., 1974; Barber et al., 1974) to seconds’ ran-
ge (Rutherford et al., 1984) for DF, clearly indicate two very distinct
mechanisms by which photoactive S, state of chlorophyll (Chl) is created. In
case of prompt fluorescence, the S, state is created in a 10-2—10-'* s period
by internal conversion, following light absorption. In case of DF, the S, state
is created through a recombination of products formed in the primary photo-
chemical act (Govindjee etal., 1971; Jursinic, 1986). Therefore, unli-
ke prompt fluorescence, which does not need more than one single Chl mole-
cule to be emitted, the entire entity of the photosynthetic apparatus is neces-
sary for DF emission, i.e. DF has been used as a criterion for its integrity
(Zaharieva et al, 1999).

Delayed fluorescence induction trace reflects processes and phenomena
occurring when a photosynthetic object is being kept in darkness for a while,
and then illuminated, i.e. in a transition period from dark to light regime. Most
DF induction traces were recorded under the millisecond working regime of a
rotating disc, with intermittent illumination, consisting of a few milliseconds
of light period, and consecutive few milliseconds of darkness in which DF is
being recorded (Vucinié, 1983; Markovic¢ et al, 1987). The overall
shape of a DF induction trace is highly dependent on the length of the dark
period preceding illumination (Dzhibladze etal., 1988; Bukhov et al,
1989). If the preceding dark period (t,) is longer than 30 and shorter than 300
s, DF induction trace is split into at least three transients (Radenovié et
al., 1985, 1994; Radenovié, 1994, 1997, Radenovic¢ et al., 2003).
Clearly distinct appearance time of their maxima (t,,,, = 31 £ 6 ms; t 5 =
=5£05s; tue=155sand t,,,=300+60s;t,=0670 £ 35 s) sug-
gests that their origins are in various processes occurring during the dark/light
transition period. Veselovsky and Veselova (1990) made a step
forward in explaining the DF induction trace transients, by putting a DF induc-
tion trace on the same time scale with temporal variation of prompt fluore-
scence during continuous illumination of the photosynthetic apparatus (Ka-
utzky effect), and with oxygen evolution changes. The Kautzky effect has
been thoroughly investigated and it is reasonably well understood (Govin-
djee et al, 1971; Govindjee 1975; Lichtenthaler et al. 1988;
1992). The comparison revealed correlation of the B and C transients with
electrochemical gradient (ECG), formed across thylakoid membranes upon il-
lumination (Veselovskii etal, 1990; Radenovi¢ et al., 1981, 1985,
1994; Radenovic¢ 1994, 1997).
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Another mathematical model of these transients, contained in our last re-
port, was based on the chosen kinetic model for consecutive first order reacti-
ons Markovié etal., 2001). In the present work we approach the problem
of modeling DF induction signal transients from another angle. If a leaf seg-
ment is subject to an intermittent light regime, consisting of a series of flashes,
a mathematical procedure could be developed to track the most probable num-
ber of targets (antennas), hit by a particular number of projectiles (photons), as
a function of time (light flash number). Parameters of such a model include
antenna sizes and their relative numbers within the analyzed leaf segment, for
each of the recorded transient within the DF induction signal. Since it was
shown that DF induction transients depend on the previous leaf dark period t,
(Radenovié et al, 1981, 1985, 1994; Radenovi¢, 1994, 1997), a ba-
sic test of the model would be to fit a number of induction curves, differing in
t;, with model equations. As a result, one should expect that fitted parameter
values concerning antenna sizes should not depend on t; (at least not in a
trend-like manner), while those related to relative antenna numbers (i.e. num-
bers of PSII responsible for DF emission) may exhibit such a behavior, depen-
ding on the complex processes during the leaf dark period.

MATERIALS AND METHODS
Objects of Studies

Inbred lines:

— ZP R70z — developed by the ear to row method from the Rumski
Golden Dent variety is the inbred of FAO maturity group 300, dent kernel
type, with white cob; the inbred is a good combiner, non-resistant to lodging
and it is a property of the Maize Research Institute, Zemun Polje.

— Oh43 — developed by the ear to row method from the F, population
of a narrow genetic base that was derived by self-pollination of F, hybrid
Oh40B x W-8 is the inbred of FAO maturity group 500, dent kernel type, with
white cob; the inbred is a good combiner, tolerant to drought, has lower yiel-
ding per se, and it is of the USA origin.

The hybrid ZPSC 46A — derived by crosses of the inbred lined ZP R70z
to the inbred line Oh43, is the hybrid of FAO maturity group 400, dent kernel
type, with white cob; the hybrid has a high yielding potential, is tolerant to
drought and is very adaptive to the growth under different agroecological cul-
tivation conditions.

Experimental Procedure
Maize (Zea mays L.) inbred lines ZP R70z, Oh43 and hybrid ZPSC 46A
leaf segments (2 cm?) were cut under water and placed on a temperature con-

trolled plate inside a phosphoroscope. They were adapted to plate temperature
(23°C), and the delayed fluorescence emission was recorded. The DF intensity
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was measured in the dark interval of intermittently illuminated leaves, using a
Becquerel phosphoroscope and a 150 W quartz-halogen lamp. One cycle con-
sisted of 2 ms of light and 10 ms of darkness. Delayed fluorescence was recor-
ded from the 3 to 7% ms of the dark interval, using a cooled photomultiplier.
Signal from the multiplier was registered on a storage oscilloscope for the fa-
stest processes, while slower variations of DF were recorded on a chart. Few
minutes of recording produced a DF induction trace, with faster transients in
the first two minutes, and slower changes afterwards. A schematic presentation
of the experimental set up of the equipment for DF chlorophyll recording is
given in Figure 1. Details of the experimental setup can be found elsewhere
(Vucinié etal., 1983; Radenovic etal, 1994; Radenovié¢ 1994,
1997).

i v
PH 8]
0s 4
ELB.. L DF

[

L T
Bijs

C

Filters

Fig. 1 — Experimental setup of the method and measuring equipment for delayed chlorophyll
fluorescence: C — dark chamber with a sample stand; s — sample (leaf segment), filters,
ELS — excitation light source, PH — photo-multiplier; O — oscilloscope, R — printer,

ELB — excitation light beam, DF — luminescent light, IS — input chamber slot,
OS — output chamber slot

A RETROSPECTIVE VIEW TO EXPERIMENTAL RESULTS
WITH DISCUSSION

1. Conditions for generation of transients of delayed chlorophyll
fluorescence induction process

Depending on the duration of the dark period (t) — the time of previous
keeping of intact leaf segments of maize inbred lines and the hybrid in the
dark — two induction curves of DF chlorophyll can be registered (Figure 2a,
)

The registered curves of DF chlorophyll induction processes have a refe-
rence connotation, hence they are used in preceding and initial measurements
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of DF chlorophyll in the unknown objects of studies (Radenovi¢ et al.,
1981, 1985, 2003; Radenovidé, 1994, 1997). The DF chlorophyll induction
curve marked with p, Figure 2a, is always obtained when the maize intact leaf
segment is kept in the dark for a longer period of time (t 15 minutes) prior to
its intermittent illumination in the phosphoroscope.

The DF chlorophyll resolve induction curve, marked with q, Figure 2a, is
obtained when the maize intact leaf segment is kept in the dark for signifi-
cantly short period of time (500 s t 30 s) with a time rate of t = 30 or 60 se-
conds prior to its intermittent illumination in the phosphoroscope. It is shown
that the DF chlorophyll induction processes resolved in 5 transients conditio-
nally designated with A, B, C, D, E, Figure 2a (Radenovi¢ et. al., 1985;
Markovié et. al, 2001; Radenovié, 1994, 1997).

2. Resolution of delayed chlorophyll fluorescence induction processes
into transients

In the experimental resolution of DF chlorophyll induction processes,
transients B, C, D and E were initially revealed by the application of standard
measurements of DF chlorophyll (Radenovid et al, 1985, 1994; Rade-
novid et. al., 1994, 1997). Much latter, the transient A was revealed (R a -
denovid, 1997).

The revealed transients of DF chlorophyll (Figure 2b and 2c) are charac-
terised with the time of their generation (tA, tB, tC, tD, and tE) amounting to:

¢ 10 20 S

(rel.units)
g

Lo

100

it
-

"4 (min)

Fig. 2a — Schematic illustration of DF induction process. The curve p — DF induction
processes registered from an intact leaf segment previously kept in the dark longer than
15 minutes (t15 min). The curve q — DF induction processes registered from an intact leaf
segment previously kept in the dark for a significantly shorter period (t varies from 30 to
500s, with a rate of 30s) and than it is resolved transients A, B, C, D and E



120

80 1 i 1
] 100 200 tis) 300

Fig. 2b — Three-dimensional plot of delayed fluorescence (DF) induction curve resolution into
transients B, C, D and E at the temperature of 22°C

24 D/-'Lc:

Fig. 2¢c — Three-dimensional plot of delayed fluorescence (DF) induction curve resolution,
recorded from an intact maize leaf segment, at 32°C, following various preceding darkness
periods (t). Peaks of the resolved transients are marked B, C, D and E
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31106 ms (A), 5+05s (B), 1555 (C), 300 = 60 s (D) and 670 = 35 s
(E), continual change of transients intensity: IA, IB, IC, ID and IE, as well as,
mechanisms of their generation (Radenovid, 1994, 1997; Markovié et
al., 1999, 2001), which provide a possibility of their mathematical modelling
(Kalauzi, 2006; Markovié etal., 2001; Radenovi¢ etal., 2003).

THE MATHEMATICAL MODEL

Suppose that a group of identical targets, uniformly distributed over a
particular surface, is being hit intermittently by flashes consisting of identical
projectiles of infinitesimally small dimensions. Although relations resulting
from this model may be applied on other objects, in this particular case targets
represent antennas of the photosynthetic apparatus, and projectiles — potenti-
ally absorbing photons. Suppose, further, that each target may be associated
with a number of discrete states, depending on the cumulative number of pho-
tons absorbed from the beginning of the intermittent regime. The following
presumptions will be respected: (a) each target is hit not more than once du-
ring one flash; (b) “target history” can not be neglected, i.e. “target state” crea-
ted by absorption of a particular number of photons is maintained throughout
the process. This restriction may be overcome by deriving new equations, ta-
king into account reversibility of target states.

Let us observe m uniformly dispersed targets, each with an area o, within
a target field with surface area S. If only one projectile approaches the field,
geometric probability of a hit is:

pi =molS.

If two projectiles are being directed towards the field, the corresponding pro-
babilities would be:

— for both projectiles to hit the targets

p? = (molSy;
— for one projectile to hit, the other to miss
pi = (molS) (1 — mo/S) + (1 — mo/S) (mo/S) = 2 (ma/S) (1 — mo/S);
— for both projectiles to miss
ps = (1 — molS).

Probability for a given number of successful hits obviously obeys the binomial

distribution. Therefore, for a flash containing n projectiles, probability of
exactly r successful hits would be:
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P :(”j (mo1Sy (1 — malS)o-o,
)

Most probable number of hits could then be calculated from the condition
pr=p",, ich yields
Fomax = [(molS) (n + 1] = (mo/S) n = m (nolS).

Let us observe a series of flashes, each flash consisting of n projectiles,
and let us derive an expression for the most probable number of targets hit by
J projectiles after k flashes. Schematically, the whole target field may be repre-
sented by a rectangle. After the k-th flash, it could be split into a series of k +
1 adjacent subfields (rectangles), each representing the group of targets cumu-
latively hit by a given number (0, 1, ..., k) of projectiles. Although each subfi-
eld is drawn as a compact part of the whole field, it is presumed that subfield
targets are uniformly dispersed within the field. In the centre of each rectangle,
there is a numerical mark representing the cumulative number of hits received
by each target in the subfield. After the k-th flash, there are two kinds of tar-
gets, cumulatively hit j times:

1) Targets, cumulatively hit j —1 times by projectiles before the k-th flash
and receiving the j-th hit durin ng the k-th flash (“newly hit targets”). Their
number will be denoted with m;.

2) Targets, cumulatively hit j times before the k-th flash, but missed by
projectiles of the k-th flash.

Sum of the number of targets described by 1) and 2) will be denoted with
M;. *. Bearing in mind the presumption (b), concerning the conservation of tar-
get states, M ;‘ represents the total number of targets cumulatlvely hit j times
after k flashes. Schematically, it corresponds to the union of all subfields mar-
ked with number j in their centers.

Accordmg to the above defined labels, number of targets before the first
flash is mg. After the first flash, the following scheme appears:

M! M,
v
1 0
Tl Tl
m m

Following the presumption (a), there are only two kinds of targets — missed
ones, and those hit by one projectile. Their numbers can be calculated from
the following expressions:

m| =my (nc/S) M =m|

my =m (1 — nolS) My =mj.

12



After the second flash, the same fraction of the number of targets that had pre-
viously been hit by one projectile (left subfield in the scheme above), is hit by
the second projectile. Similarly, the same fraction of the number of targets pre-
viously missed (right subfield in the scheme above), is now hit by their first
projectile. Therefore, each subfield from the previous scheme must be split in-
to two new subfields, increasing the total number of subfields to four. In the
new scheme (below), first subfield from the left denotes targets cumulatively
hit by two projectiles, two subfields in the middle refer to targets hit by one
projectile (one to targets hit during the first, the other during the second flash),

while the last subfield stands for targets missed during both flashes:

M? M} M;
2 1 1 0
m; mi  mg
The corresponding expressions are:
m; =M/ (nolS) M; =m;
mi =M, (nclS) M?=m} + M/ (1 — nolS)

mi =M, (1 — nolS) Mg =mg.

After the third flash, the following situation arises:

M3 M; My M
3 2 2 1 2 1 1 0
m m; mi o om
resulting in the following relations:
m3 =M; (nclS) M3 =m;
m3i =M} (nclS) M; =m; +M; (1 — nolS)
m} =M (nclS) M} =m}+M} (1 — nolS)

my =M (1 - nolS) Mgy =mg.

From these few steps, general recurrent formulas can be derived:

13



(1) mjk :Mj’.‘_'ll (nolS), j=1, ..., k;
my =My (1 = nolS);
M =m;
@) MY =m*+ M = nolS), j=1, .., k-1

k
k_ .k
My =my.

By sequential substitution of the corresponding quantities, one can derive
explicit expressions for k = 1, 2 and 3:

m} =m) (nclS) M| =m (nclS)

my =mg (1 — nolS) M} =m{ (1 - nolS)

m3; =my (nc/S)> M3 =my (nc/S)>

m} =mg (1 - nc/S) (no/S) M =2mg (1 — no/S) (nc/S)
my =my (1 — no/S)> M; =mg (1 — no/S)?

m; =m (nc/S)> M3 =m{ (no/S)?

m3 =2m (1 — nolS) (nolS): M3 =3ml (1 — nolS) (no/S)
m? =ml (1 - nolS (nolS) M} =3ml (1 — nolS)? (nolS)
md=ml (1 - nolS)> M3 =m® (1 - nolSy

If one observes the right column relations, an induction hypothesis can be
established:

(3) M} = k m? (nolS) (1 — nol/S)k-i
i = _] 0 G ) ( no ) .

Using the induction method, it is easy to prove that formula (3) is valid for
every integer value of k.

Reversibility of Target States

Although the binomial distribution (3) could be derived more directly
(starting from the fact that target states are independent and by calculating pro-
babilities that a particular target received j hits from k flashes), the step-by-
-step tracking of target states, described above, turned out to be more suitable
for model modifications. Specifically, the relations derived in that manner may
be easily modified to account for reversibility of target states. The simplest

14



model modification would be by introducing only spontaneous transitions from
a “more” to the “nearest less accumulated” state. Although these transitions
probably occur during both light and dark intermittent intervals, for reasons of
simplicity let us take into account only the dark transitions. Let us further de-
note with (M )’ number of targets hit by j photons during k flashes at the end
of the k-th dark intermittent interval (after the reversible transitions had been
completed). If the corresponding target state is denoted with (j, k), two opposi-
te transitions occur during the dark interval:

1) From the first “higher” to the present state: (j+ 1, k) — (j, k), increa-
sing M}, and

2) From the present to the first “lower” state (j, k) — (j — 1, k), decreasing
ME.

' However, two exceptions exist: the number of targets in the “highest” sta-
te, M kk, may only decrease, while number of targets in the “lowest” state, M (’)‘,
may only increase. If the transition dynamics is exponential, so that at the end
of the dark intermittent interval (T}, seconds long), from M ¥ targets in state (j, k)
only M; i exp (- ¢; T,) remain, two modified sets of recurrent equations could
be written as:

mf =M (nolS), j=1,..., k;
my =(Mg™'Y (1 - nolS);
M{ =m};
M =mi+ MY (1 = nolS), j=1,..., k-1
My =mg.
valid for the light and
(Mk)’:Mk exp(—¢, Ty);
(MY =M} exp(-c;T,))+ M (1 -exp(-c;, Tyy), j=1,.... k-1
(MO)’=M(’)‘ +M1 (I-exp(—¢,T,));

describing the processes during the dark intermittent interval. However, unlike
the initial model, complexity of the corresponding explicit relations increa-
ses considerably with k, even in case of equal transition rates: ¢, = ¢,— 1 = ... =
= ¢, = c. Therefore, in this work, we fitted the experimental data supposing
that ¢ = 0, leaving the derivation of explicit set of equations for ¢ # 0 for our
future work.

Model Summary

Observing formula (3), an expression relating the fraction of targets cu-
mulatively hit by j photons during k flashes can be established:
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Equation (4) defines a two-parameter (j, p), p = no/S, family of curves,
presented on Figs. 3 and 4.
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Fig. 3. — Family of curves, calculated by formula (4), showing fraction of the number
of targets, h(k), cumulatively hit by j = 1, ..., 7 projectiles, as a function of time
(i. e. number of flashes, k). Parameter p = no/S (product of the number of projectiles
in each flash, n, and relative target area, o/S) was set to 0.2

1.0r
0.9

T

T

e e e
o N e
T

=
Lh
T

0.5

0.3
0.3H 0.1

=
=
T

Fraction of hit targets h(k)

e @
D

I I

T ——

1 1 1 1 |

0 10 20 30 40 50 60
Flash number k
Fig. 4. — Family of curves, calculated by formula (4), showing fraction of the number

of targets, h(k), cumulatively hit by two projectiles (j = 2) as a function of time
(i. e. number of flashes, k). Parameter p = no/S was varied (0.1—0.9)
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Abscissa variable is k, proportional to ¢, the illumination time of the inter-
mittent regime in experiments with rotating disc (described in Experimental
Procedure). These two quantities are related by the following equation: ¢ =
(k—1)/ f=(k=1)T [s], where f (83.3 Hz) denotes the frequency of disc ope-
ning appearances, 7 (12 ms) the corresponding light-dark cycle period. Ordi-
nate variable is the fraction of targets hit by j projectiles during k flashes,
hWk)y=M J"/mg <1. The curves presented in Figs 3 and 4 are products of
polynomial and exponential functions. For the first few values of j, expression
(4) reduces to the following functions:

. Mf
j=1 — = k [(no/S)/(1 — nc/S)] (1 — no/S)
0
k —
j=2; M—éz k(k-1) [(ns/S)/(1 — no/S)]? (1 — no/S)*
m
k _ _
j=3; Mif):W [(ns/S)/(1 — na/S)]? (1 — no/S)k
my

Since in this paper DF induction transients (DFIT) are modeled with fun-
ctions defined by (3), each recorded DF induction curve, containing DFIT as
components, should be related to (3) in the following manner:

1()=S8e 3 (M), = Sc:i(mf:),{ ¢ j[<nc/5>i,]<f'f> [~ (nol$), 177,

ir=1 it=1 it

where: Sc is the scaling factor, relating the number of targets hit and the ordi-
nate value (in [mm]) of the experimentally recorded DF induction curve (de-
pends on the experimental setup); it — index assigned to each induction tran-
sient; nt — number of induction transients. In addition, a steady state of DF
induction trace, achieved after sufficient intermittent illumination time, was
modeled with an exponential function: / (k) = C(1 — exp(-t, k)), where C, re-
presents the DF steady state level, 1, — time constant defining the steady state
dynamics. Final form of the fitting function is therefore:

nt nt
) 10085007, =SeSom| [ |11, 1 €0 —exp-r. )
it=1 it=1 it
In (5), in case of it-th induction transient, m, stands for its initial number of
targets (mg of expression (3)), and p, for nc/S of expression (3). These notati-
ons will be used throughout the RESULTS section. Additionally, in the same
section, subscripts it = 1 and it = 2 will be substituted with conventional tran-
sient notations: C and D. Therefore, m¢, mp, pe, Pps je and jp will be used, rat-
her than m,, m,, p,, p,, j, and j,, as in (5).
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Fitting Procedure

Each DF induction curve, within one series, was recorded from the same
leaf segment after a previous dark period (t; = 45, 60, 90, 120, 150, 180 and
240 [s]). The fitting procedure was performed applying the Nelder-Mead
simplex algorithm, supplied with MATLAB for windows, Version 4.2c. A mo-
re detailed description of the procedure can be found in our previous paper
(Markovié et al, 2001).

RESULTS

As an example, four of the seven analyzed DF induction curves are pre-
sented on Fig. 5. After fitting the whole series of seven curves with three mo-
del types (e =jp = 15 je = jp = 25 je = jp = 3), the resulting values of m. and
my, parameters are presented on Fig. 6. The main difference between parame-
ters m. and mp, as functions of the previous dark period t;, for all three model
types, was that m. showed a tendency to increase with t;, while my did not.
The two parameters had similar values for short dark periods, while for t; 200
s, m¢ values were 2—3 times higher. Analogous analysis of p. and py, yielded

100 100
1g=60s 13=90s

80 | 80

60 60

40 I\/\ 40 F
é 20 20 L
o 1 1 1 | 1 ]
= 0 200 400 600 800 0 500 1000
o
2100 100
- 1q=120s
Q 80
X
@ 60

40 +

20 f

I 1 I 1
0 500 1000 0 500 1000
Time, s
Fig. 5. — Four of the seven analyzed DF induction curves, obtained by intermittent

illumination of a Zea mays L leaf segment (2 cm?2), using a Becquerel phosphoroscope.
As indicated, previous leaf dark periods were ty = 60, 90, 120 and 180 s
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Fig. 6. — Dependence of the fitted model parameters, mc and mp, on the previous
leaf dark period, ty, obtained by fitting a series of DF induction curves with three model
types: jc = jp = 1 (solid); jc = jp = 2 (long-short dashed); jc = jp = 3 (short dashed);
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Fig. 7. — Dependence of the fitted model parameters, pc and pp, on the previous

leaf dark period, tyg. The results were obtained by fitting the same series of DF induction
curves, with the same model types, as in Fig. 4. Line style same as in Fig. 4;
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results shown on Fig. 7. These results show a dependence of p. and p, on t,,
different from m. and m;. Parameter p. had no obvious linear trend with t; as
m. had (Fig. 6), but rather an inverse “U” shape with a broad plateau, while
pp Was close to a constant.

In order to obtain an answer to the question which model type is most
appropriate, we compared their mean square errors:

1 & )
E?/N = ¥ > ((DFIC),, - Iip))’,

ip=1

where: N is the number of experimental points for a particular DF induction
curve (DFIC); (DFIC),, — value of the experimental curve in point ip; I(ip) —
value of the fitted model line, according to (5), in the same point.

Six model types: jc, jp = 1,15 1,2; 1,3; 2,2; 2,3; 3,3 were tested. Each of
the seven experimental DF induction curves (t; = 45, 60, 90, 120, 150, 180,
240) was fitted with every one of the six models. For each model type, all se-
ven mean square fitting errors were averaged, and the result presented on Fig.
8. As shown, the smallest fitting error was obtained when both (C and D) DF
transients had been modeled as targets cumulatively hit by two photons after &
intermittent light flashes.

0.18

Z016F. .
= Jeiin=1:1

0.10 1 1 1 1 1 1
1 2 3 4 5 6
Model type
Fig. 8. — Comparison of fitting efficiency for different model types, according to their

mean square errors. Each of the seven experimental DF induction curves was fitted with
six model types and the fitting errors were averaged for each model type.
The most accurate model was jc = jp = 2.
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DISCUSSION

Induction kinetics of delayed fluorescence is dependent on the used pho-
tosynthetic object, as well as on the applied experimental method, and the sa-
me stands for very rare attempts of the transients modeling. For example,
Goltsev and Yordanov (1997) recorded simultaneously prompt and
delayed fluorescence emission from few photosynthetic objects, using a phos-
phoroscope disc, but with much shorter registration and dark periods. Their
modeling was related to particular electron-transport steps involved in the
mechanism of DF emission (primarily located in PSII), but antennas role was
not considered. In a recently published paper, Goltsev et al. (2003) exten-
ded their research by analyzing prompt/delayed fluorescence relationship from
barley-wild type and chlorophyll b-less mutant chlorina f2, but antennas role
were interpreted in an indirect manner.

Although DF emission is a minor probability dissipation event, once the
photons are absorbed inside antennas (0.03% of total absorbed energy (Jur -
sinic et al., 1982)), delayed fluorescence is the only registered emission
with the described experimental setup. In our case, a typical DF induction
curve may be split into at least three components (M arkovi¢ et al., 2001).
In this work, similarity of shapes between theoretical (Figs. 3 and 4) and
experimental DF induction curves (Fig. 5) was used as a starting point to rela-
te two distinct DF transients (C and D) with subpopulations of targets, hit by a
particular number of photons. This was achieved by means of theoretically in-
troduced model parameters m¢, mp, pc and pp (equations (4) and (5)). Since
the shape of the DF induction signal is dependent on the preceding dark period
t; Radenovidé et al, 1985, 1994; Radenovié, 1994, 1997), and bea-
ring in mind that DF induction transients are ECG controlled (M arkovi¢ et
al., 1999), investigation of a possible relationship between ECG induced struc-
tural changes and dependence of the model parameters m., mp, pc and pp,
shown on Figs. 6 and 7, appears as a challenge in future research. It was
shown already that variation of t;, induces ECG controlled structural changes,
before any temperature induced ones (Markovic¢ et al., 1999). Beside, in
our previous report we showed that the two transients originate from different
ECG controlled states (Markovié¢ et al.,, 2001). On the other hand, from
Figs. 6 and 7 it is obvious that parameters m. and p. exhibit a clearly distinct
behavior from parameters mp and pp. As stated in the INTRODUCTION, bea-
ring in mind the physical interpretation of the p parameters (p = nc/S; product
of n, number of absorbable photons in one flash and the ratio of target area o,
over leaf area §), one should expect a smaller dependence of p. and pp on t,,
than m. and m;, which represent the number of targets (antennas of the pho-
tosynthetic apparatus). Really, p, was very weakly dependent on t, (Fig. 7),
while p. was characterized by a very broad plateau in the middle range of t,
values (60—180 s). The important result was that no obvious quasilinear trend
was observed for p. or pp, as was for m. on Fig. 6. However, the detected
decrease of p. for the smallest and biggest values of t,, if confirmed, still re-
mains to be explained. Since the leaf segment area § was an experimental con-
stant, the only quantity responsible for any dependence of p. or p, on t;, could
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have been no — product of the number of absorbable photons in a single
flash, n, and the target area, o. It is still an open question, though, whether ba-
sed on these results solely, we are qualified to speak about two subpopulations
of targets. Obviously, additional analyses are required in order to acquire relia-
ble answers to these questions. But if this hypothesis would be confirmed, tar-
gets associated with transient C would have an order of magnitude greater va-
lue of the product no, than those associated with transient D (although it
would still remain unclear whether this could be transferred to their areas:
Pc/Pp — oclop). As well, it would be interesting to check whether different de-
pendences of their DF-emitting numbers on t, (m. showed a quasilinear incre-
ase while my did not, Fig. 6.), would also be confirmed.

Two types of photosynthetic antennas, dealing with DF, have already
been described. They were related to the intensity of the incident light (/;), de-
pending on the light regime by which a photosynthetic object was illuminated.
Two types of DF dependences on light intensity (/,) have been found: square
dependence (proportional to (1;)?), at lower [, values, and linear dependence, at
higher light intensities M cCauley et al, 1981). The ({;)*> dependence was
obtained using a phosphoroscope (millisecond light/dark regime), while the li-
near dependence has been observed with microsecond and submicrosecond
excitation flashes. Square dependence of DF intensity, for low [, values, could
also be associated with our model. Namely, since light intensity is proportional
to n, number of absorbable photons contained in one light flash, let us tran-
sform expression (4) into the following form:

M* (k |
h(k)zx(n)zf):(jj [(ns/S)/(1 — na/S)V (1 — no/SHk.
m

0

For j = 2, and for sufficiently small values of n, since no/S << 1, this expres-
sion reduces to

k
x(n) =M—(2) ~(kj (nc/S)* = Const * (n2),
m 2

0

which theoretically states that, in case of model type j = 2 (DF emission after
two photon hits), intensity is directly proportional to the square of the number
of photons in one light flash (light intensity). This expression additionally po-
ints to the absorption of second photon, as a possible event evoking DF, and is
in accordance with the results of the error analysis, presented on Fig. 8.

Under present experimental conditions, large area antennas should have a
higher hitting probability. However, since the existence of smaller antennas
could not be neglected (M cCauley et al., 1981), their participation and in-
fluence on the DF induction signal should not be excluded. Since bigger an-
tennas absorb more efficiently, one could expect the transient C to appear ear-
lier than transient D, associated, according to our model, with smaller anten-
nas, which was experimentally verified.
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Accuracy of any model is limited, among other factors, on the choice of
its initial assumptions. In case of the presented model, whole procedure and
consequent conclusions are based on somewhat restrictive presumptions (a)
and (b). It is of interest, therefore, to suggest corresponding potential generali-
zations of this model. Namely, if one flash would consist of so many photons
that the number of targets hit with two or more projectiles could not be ne-
glected, then the flash itself should be treated as a series of successive, shorter
sub-flashes, each of them respecting the condition (a). On the other hand, if
the number of targets, with reversible history between two flashes, could not
be neglected, present recurrent formulas should be modified to account for the-
se “inter-flash state changes”, by introducing expressions like m} = f(M ]
(one simple case of this modification was described in the subsection Reversi-
bility of Target States). Future introduction of these more sophisticated models
will hopefully contribute to a better understanding of already known experi-
mental facts.
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JANHAMUKA HACTAJAFbA TPAH3UIJEHATA MHAYKLIMOHUX
IMPOLECA 3AKACHEJIE ®JIOYPECUEHILIMIE XJIOPOOUIIA U
DOOTOCUHTETUYKUX AHTEHA: MOI'YhA 3ABMCHOCT.
MPUCTYIT MATEMATHUYKOI' MOAEJIOBAA

Yenomup H. PagenoBuh!?, Anekcanmap A. Kamaysu3,
Kocana Jb. KoHncranturnoB! u I'opan M. dpunuh!
I UuctutyT 3a KyKypy3 ,,3emyH [lTome”, Cnobomana bajuha 6p. 1,
11185 Bbeorpan, Cpouja
2 MakynreT 3a GU3MYKY XeMHjy, YHUBep3uteT y beorpamy,
Crynentcku Tpr, 6p. 12—16, 11000 beorpan, Cpbuja
3 TlenTap 3a MyJITHIMCUMIUIMHApHE CTynuje, YHMBep3uTeT y beorpany,
Hecnora Credana 6p. 142, 11000 beorpan, Cpbuja

Pesume

OBaj pan yuHe nBa MehycoOHO MoBe3aHa Jesa. Y MPBOM JIeIy U3JIaxKy ce eKcrie-
PUMEHTATHU PEe3YJITaTH CIOKEHUX MHAYKIIMOHUX Ipolieca 3aKacHese (uryopeciieHIInje
xjopoduia U GHOTOCUHTETUYKMX aHTEHAa MHTAKTHOT CerMEeHTa JIMCTa MHOpea JMHUje
ZP R70Z n Oh43 u xubpuna kykypy3a ZPSC 46A. TlpoyuyaBaHO je U OTKpUBEHO pas-
Jlararbe MHAYKalMOHMX Ipolieca Ha MeT TpaH3ujeHaTa (KMHETUYKU OOJMLM TTpOMEeHa)
Koju cy o3HaueHu kKao A, B, C, D u E. Hbux kapakrepuliily BpeMeHa HacTajamba: ty, tg,
te, tp U tg Koja u3Hoce: 31,0 £ 6 ms (A), 5+ 0,5s (B), 15+ 55 (C),300+60s (D)u
670 + 35 s (E), KOHTMHYeJIHEe NTPOMEHEe MHTeH3UTeTa TpaHsujeHara: I, Iy, I, Ip u I
Kao M MeXaHM3MHU HMXOBOI HacTajatba. HaBeneHM pe3ylTaTd O KapaKTepuCTUKaMa
TpaH3MjeHaTa MHAYKIIMOHMX IIpolieca 3aKacHee (JoypecieHInje xjiopoduia u ¢oTo-
CUHTETUYKMX aHTeHa Ouiia cy no0pa OCHOBa 3a mocebaH IMPUCTYIl HUXOBOI MaTeMa-
TUYKOT MOJIEJIOBaha.

VY npyrom gesny pa3BHjeH je MaTeMaTUUKU MOJE] BPEMEHCKOT pasjlarathba TpaH3U-
jeHaTa eKCIepMMEHTaJTHO PEeTMCTPOBAHUX MHAYKIIMOHUMX CUTHajla 3akacHese iyope-
cueHuuje (3d). 3a BpeMe MHTEPMUTEHTHOI CBETJIOCHOT PEKMMa aHTeHEe (DOTOCUHTET-
CKOT amapara Cy TpeTMpaHe Kao MeTa M rah)aHe moHaB/bajyhuM ITOroimMma arcopoyjy-
hux ¢otoHa yHyTap cepuja y3aCTOITHMX CBETIOCHUX cHomoBa. DopMmyia je u3BeneHa
3a Opoj aHTeHa, KymyJaTuBHO rahjaHux oapeheHum 6pojeM (otoHa. [TapameTpu mMome-
JIa YKJbY4yjy: Opoj arncopOboBaHUX (POTOHA y CBAKOM CHOITY, BEJIMYMHY M OpOj aHTEHa.
AHanu3upaHe Ccy cepuje MHAYKIMOHUX KPUBUX, TOOUjEHUX U3 JIMCTA KYKypy3a, Koje Cy
ce MPEeTXOJHO pasjuKoBajie y TaMHOj (asu (tp). CBaka KpuBa, Koja Caap:Ku JBa M3a-
6pana tpan3ujeHTa C 1 D MHIYKIIMOHUMX TIpolieca 3akacHese uryopeclieHInje, je Or-
TUMM30BaHa ca HEKOJMKO THIIOBA MOJeEja, KOjU Ce Pa3jIMKyjy IIo Opojy arcopOoBaHUX
(oroHna. 3a oba TpaH3MjeHTA HAJONTUMATIHUjU PE3YJITATU CY MOCTUTHYTU Kaja Cy WH-
IYKIIMOHU TIPOIIECH 3aKacHese (hiioypecleHIIMje OMIn MOoBe3aHu ca APYTruM arcopbo-
BaHUM (oroHoM. Kao 1ITO ce ouekuBasio, MapaMeTpu Mojesa ykasyjy Jla BeJuuuHa
aHTEHa MOoKa3yje cJlabujy 3aBUCHOCT t y ONHOCY Ha Opoj aHTeHa. Y3 OrpaHuyera
OBOT' Mojiefia, JiBa TpaH3WjeHTa WHAYKIMOHUX Mpoleca 3akacHesue GuyopecleHlnje
MOTY ce TIOBEe3aTH ca JBe Kilace (POTOCMHTETCKMX aHTeHa. FbuxoBe pasnuke y BeIudu-
HU MOry jaa umajy npeobiahyjyhu yTuliaj Ha eUKacHOCT ancopriuje (GoToHAa U MO-
rylly BpeMeHCKY 3aBMCHOCT II0jaBe TpaH3WjeHaTa WHOYKIIMOHWX IIpolleca 3aKacHele
(nyopecuenuuje.
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INHERITANCE OF PLANT HEIGHT,
SPIKE LENGTH AND NUMBER OF SPIKELETS
PER SPIKE IN DURUM WHEAT

ABSTRACT: Using the line x tester analysis we studied the combining ability and
gene effects of plant height, spike length and number of spikelets per spike in durum wheat.
The results of the study show that non-additive genes play more important role than addi-
tive genes in the inheritance of plant height, number of spikelets per spike in both years and
in inheritance of spike length only in the first year of research. Variety Belfugito, the best
general combiner for plant height and number of spikelets per spike, combined well in two
best hybrids: Belfugito x Alifen and Belfugito x Yavaros 79, and these hybrids may be used
in wheat breeding programs. In the majority of the cases, good specific combining ability
(SCA) effects were associated with crosses of two genetically divergent parents having at
least one parent as a good general combiner.

KEY WORDS: combining ability, gene effects, durum wheat, yield components

INTRODUCTION

The choice of parents is a very important task in a breeding program.
Combining ability studies are used by plant breeders to select parents with
maximum potential of transmitting desirable genes to the progenies. In autoga-
mous crops like wheat, where the ultimate aim is to develop pure line varie-
ties, the estimates of general combining ability (GCA) are very useful because
the variance due to general combining ability is attributable to additive gene
action and A x A interaction which can be fixed in further generations, while
the variance due to specific combining ability is attributable to non-additive
gene action. The gene effects and combining ability of yield components were
already studied by a number of scientists using diallel analysis (KneZevi¢
and Kraljevi¢-Balalié, 1993; Menon and Sharma, 1994; Me-
non and Sharma, 1995; Perovié, 1995; Petrovic et al, 1995; Jo-
shi et al., 2002).
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This study was therefore, undertaken to obtain information regarding the
combining ability and gene effects of plant height, spike length and number of
spikelets per spike in durum wheat using line x tester analysis.

MATERIALS AND METHODS

Five durum wheat (Triticum turgidum durum) genotypes: Mexicali 75
(MEX), Yantar odeskij (UKR), Belfugito (ITA), Monodur (FRA) and Kunduru
(TUR) were crossed with each of the three testers: Durumko (SCG), Yavaros
79 (MEX) and Alifen (CHL). The parent varieties and their F, hybrids were
examined in randomized block design, with three replications. All parents
were selected on the basis of different phenotypic expression and geographic
origin.

The experiment was conducted at the experiment field of the Institute of
Field and Vegetable Crops, Novi Sad, during 2000—2002. Sowing was done
in the beginning of the October, in 1.2 m? plot, with a 10—12 cm space inside
the row, and a 20 cm space between rows. Three traits were studied at full
maturity: plant height, spike length and number of spikelets per spike. All tra-
its were determined in 5 plants per replication. The combining ability and gene
effects were studied using GEN software package (Program for quantitative
genetic analysis) — line x tester analysis, described by Sing and Choud-
hary (1979).

RESULTS

The analysis of variance for plant height, spike length and number of spi-
kelets per spike showed highly significant differences amongst genotypes in
both years. The genotype x environment interaction was also highly significant
in both years of investigation.

The analysis of variance for line x tester for spike length indicated that
significant differences existed between parents (both years), interaction parents
vs. crosses (both years), crosses (second year), lines (second year), testers (se-
cond year) and interaction line x tester (first year). Analysis of variance for
plant height showed that significant differences existed between parents (first
year), parents vs. crosses (both years), crosses (first year), lines (both years),
testers (first year) and interaction line x tester (both years). For number of spi-
kelets per spike significant differences existed between parents (second year),
parents vs. crosses (second year), crosses and lines (both years), testers (first
year) and line x tester (both years) (Table 1).

The estimation of the genetic components of variation, as well as the ra-
tio of GCA/SCA showed that the additive component was lower than the do-
minance component which suggests that, in both years of the investigation,
plant height and number of spikelets per spike were predominantly controlled
by non-additive gene action. Spike length was predominantly controlled by
non-additive gene action in the first year, while in the second year spike
length was controlled mostly by additive genes (Table 1).
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Tab. 1. — ANOVA line x tester for yield components in durum wheat

Mean squares

Source of DF Plant height Spike length Number of spikelets
variation
2001 2002 2001 2002 2001 2002
Replication 2 17.62 3.39 0.13 0.03 0.07 1.20
Treatments 22 877.94%*  437.66** 0.817+%* 0.53%%* 8.63** 4.65%*
Parents 7 1144.26%*  459.25 1.47%%* 0.43%%* 7.01 6.49%%*
Pvs. C 1 1360.21%*  722.15%* 2.23%* 0.54%* -0.01 2.43%
Crosses 14 710.33%*%  406.55 0.38 0.57+%* 10.06** 3.88*
Lines 4 889.44%*  727.14%* 0.66 0.50%* 22.44%%* 9.73%%*
Testers 2 2641.24**%  440.23 0.05 0.67+* 12.45% 0.15
LxT 8 138.05%*  237.83** 0.33%%* 0.08 3.27%* 1.89%*
Error 44 7.86 4.77 0.10 0.07 0.38 0.58
Total 68
Components of genetic variance
Plant height Spike length Number of spikelets
2001 2002 2001 2002 2001 2002
GSA 20.23 5,97 0.002 0.017 0.24 0.07
SCA 43.39 77.69 0.075 0.005 0.96 0.44
GCA/SCA 0.47 0.08 0.027 3.40 0.25 0.16

* p < 0.05; ** p < 0.0l

The estimates of general combining ability pointed out that the best gene-
ral combiner for plant height in the first year was Mexicali 75, while in the se-
cond year it was Belfugito (Figure 1). For spike length the best combiner in
the first year was Yantar odeskij, while in the second year it was Mexicali 75
(Figure 2). For number of spikelets per spike the best combiners were Belfugi-
to, in the first year, and Kunduru in the second year of research (Figure 3).
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Fig. 1. — GCA for plant height in durum wheat
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Fig. 2. — GCA for spike length in durum wheat
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Fig. 3. — GCA for number of spikelets per spike in durum wheat

The hybrid which showed significant positive SCA for spike length in the
first year was Belfugito x Yavaros 79, while in the second year there was no
significant SCA. For plant height, the best specific combiner in the first year
was Kunduru x Alifen, while in the second year it was Belfugito x Alifen. In
case of number of spikelets per spike the best specific combiners were Mexi-
cali 75 x Yavaros 79 in the first year, and Monodur x Alifen and Belfugito x
Yavaros 79 in the second year of research (Table 2).

30



Tab. 2. — Specific combining ability for yield components in wheat

. . Number of
Hybrid Plant height Spike length spikelets
2001 2002 2001 2002 2001 2002
1. Mexicali 75 / Durumko —5.04%* -8.59%* -0.07 0.12 -0.19 -0.49
2. Mexicali 75 / Yavaros 79 3.26%* 4.97* 0.26 0.03 1.10* 0.48
3. Mexicali 75 / Alifen 1.78 3.62%* -0.19 -0.15 -0.91* 0.00
4. Yantar odeskij / Durumko -5.03%* —2.94% 0.22 0.08 0.79* 0.75
5. Yantar odeskij / Yavaros 79 -0.33 -6.00*  -0.08 -0.13 0.01 -0.55
6. Yantar odeskij / Alifen 5.37* 8.94%* -0.13 0.05 -0.80%* -0.20
7. Belfugito / Durumko -1.91 6.58% -0.34 -0.14 -0.60 0.24
8. Belfugito / Yavaros 79 -2.43 8.42% 0.40%* 0.19 0.86* 0.86
9. Belfugito / Alifen 4.35%  —15.00* -0.06 -0.05 -0.26 —1.10%*
10. Monodur / Durumko 2.01 2.82% -0.12 0.12 -0.28 -0.12
11. Monodur / Yavaros 79 -2.16 -5.85% -0.22 -0.18 -0.66 -0.75
12. Monodur / Alifen 0.14 3.03* 0.34 0.06 0.94* 0.87*
13. Kunduru / Durumko 9.97* 2.13 0.31 -0.18 0.28 -0.38
14. Kunduru / Yavaros 79 1.67 -1.54 -0.36 0.09 —1.30* -0.05
15. Kunduru / Alifen -11.63* -0.59 0.05 0.09 1.03* 0.42
S.E. (PKS) 1.62 1.26 0.18 0.15 0.36 0.44
*p < 0.05
DISCUSSION

The estimation of genetic components of variation showed that non-addi-
tive gene effects were predominant in inheritance of plant height and number
of spikelets per spike. Similar results were obtained by Sing et al. (1984),
Menon and Sharma (1994), Petrovi¢ et al. (1995). However, some
authors (Kraljevi¢-Balali¢ and Dimitrijevi¢, 1992; KnezZze-
vicé etal., 1995; Joshi et al, 2002; Sharma et al., 2002) reported that
those traits were affected mainly by additive gene action. Spike length was
predominantly controlled by non-additive gene actions in the first year, which
is in agreement with studies of Srivastava etal. (1981) and Sharma et
al. (2003). In the second year of research the spike length was predominantly
controlled by additive gene action. Similar results were obtained by Miha-
lIjev and Kraljevié-Balali¢ (1981) and Joshi et al. (2002).

The best general combiners with maximum number of favorable alleles
for traits under study are: Mexicali 75 and Belfugito (for plant height), Yantar
odeskij and Mexicali 75 (for spike length) and Belfugito and Kunduru (for
number of spikelets per spike). These genotypes may be exploited in the cros-
sing programs in obtaining superior segregants.

Variety Belfugito, the best general combiner for plant height and number
of spikelets per spike combined well in two best hybrids: Belfugito x Alifen
and Belfugito x Yavaros. Therefore, suitable segregates may be expected from
these cross combinations. In majority of the crosses positive SCA effect were
associated with crosses of two genetically divergent parents having at least one
parent as a good general combiner, which is in agreement with studies of
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Kraljevi¢-Balali¢ and Borojevié¢ (1985), or two poor general
combiners. The crosses involving high x low and low x low combiners genetic
interaction might be additive x dominance and dominance x dominance type in
nature, respectively. Therefore, the heterosis observed in these crosses will be
not-fixable and possibility of good segregants will be rare (Sing et al,
1980). The combinations of two good general combiners not showing positive
SCA may be due to the fact that parents were not diverse, while in those cros-
ses with high SCA involving high x high general combiners, the genetic inter-
action might be additive x additive, which is fixable in further generations and
can be used in wheat breeding.
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HACJIEBUBAILE BUCUMHE CTABJBUKE, Y XUHE KIIACA U BPOJA
KIIACURA MO KJTACY KO DURUM TIHIEHUWIE

Bumwana M. Topjanosuh, Mapuja M. Kpamesuh-bananuh
IMomwonpuspenuu daxyarer, Tpr . O6pamosuha 8, 21000 Hosu Can, Cpbuja

Pe3ume

Y pamy cy nomohy JiMHHMja X TecTep aHajlu3e UCIUTUBAHE KOMOMHAIMOHE CIO-
coOHOCTM U e(eKTU IeHa 3a BUCHUHY CTa0JbUKe, AY:KMHY Kjaca um Opoj kiacuha Imo
KJ1acy Kon durum TIIEHUIE, KopyucTehy et JIMHUWja, TPY TecTepa U HhUXOBe XUOpue.

PesynaraTtu ucnutuBama Imokasyjy da Cy HeaIUTUBHM I'eHM MMalu Behu 3Hauaj y
HacyiehuBarby BUCUHE cTaObUke M Opoja kiacuha 1o kjiacy y obe ToavHe UCTPaKH-
Bamba, JOK Cy Y HaciehuBamy Ay)KMHe Kiiaca uMaiau Behn 3Havaj camo y TIpBOj TOMUHU
HUCTpakvBara. Hajoosbu omiuT KOMOMHATOPU 3a BUCUHY CTaO/bUKE OMIM CYy T€HOTH-
nosu Mexicali 75 u Belfugito. 3a ny:xuHy ki1aca Hajoo/be OMILTE KOMOMHALIMOHE CIIO-
cobHocTu uManu cy Yantar odeskij u Mexicali 75, nok cy 3a 6poj ki1acuha mo kiaacy
Hajoospu onuT KomMOouHaTopu Omiau Belfugito u Kunduru. Copra Belfugito, Hajoo/bu
OIIITU KOMOMHATOP 3a BUCUHY CTaO/buke M Opoj Kiacuha mo Kiacy, Jaaja je ABa XH-
Opuna ca HajoosbUM MOceOHUM KOMOMHalMOHUM criocobHocTuMa (Belfugito x Alifen
n Belfugito x Yavaros 79), koju ce Kao TakBM MPENopydyjy 3a Aa/bU pal Ha OIuIe-
MeHHMBawy MiieHulle. Y BehuHu ciayvajeBa XvOpuau ca 1o00pUM MOceOHUM KOMOWHA-
LIMOHUM CIIOCOOHOCTHMMA HACTaJIM CY YKPIITaHeM JBa Pa3ivuuuTa pOIUTEha O] KOjUX
je bap jemaH 6uo moGap OIIITH KOMOMHATOP.
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CHARACTERIZATION OF BEAN VARIETIES
ON THE BASIS OF PROTEIN MARKERS

ABSTRACT: The biochemical marker phaseolin and isozymes were used in this
work to display the variation of common bean germ plasm. Fifteen bean genotypes of diffe-
rent origin i. e. selections were studied. From 8 analyzed enzymic systems, enzymes MDH,
SKDH, ME and IDH were polymorphic, while there were no differences in zymograms for
enzymes PGM, PHI, PGD, and ADH. Analysis of phaseolin revealed two types: S and T.
The S type of phaseolin was found in most of analyzed genotypes (9). Phaseolin type T
was found in varieties of Novi Sad selection: Zlatko, Sremac and Aster, domestic popula-
tion Zuto-zeleni Stepanoviéevo and Jovandeka, Croatian variety Slavonski Zuto-zeleni. Tho-
se varieties were developed from domestic populations from north-west region of Balkan,
Slavonia, and Vojvodina.

KEY WORDS: common bean, germ plasm, phaseolin, isozymes

INTRODUCTION

Bean is an unavoidable food component in diets of people living in many
Balkan countries, and elsewhere in the world. It is main source of protein and
energy, and is gaining importance in human diet.

Origin of bean (Phaseolus vulgaris) is America. It was brought to Europe
from Central America during second Columbus voyage. It was brought to Bal-
kan from two directions: from Turkey — south, and From France and Italy —
north. Crossing of main trade ways, soil and climatic conditions, and other dif-
ferences led to great divergence of bean in our surroundings (V asié, 2004).
Domestic populations of tall, climbing beans, of short bean and introduced
American varieties with shrubby straight stem, and small, white with round
grains prevailed earlier. Today, mostly domesticated populations and modern,
bred bean varieties are grown (Vasi¢ et al., 2001).
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It is thought that domestication of bean was done in two regions, one is
Central America, and second is the area of Andes in South America (Gepts
et al., 1986). It is still unclear if there was small centre in Columbia around
that region, where transfer of genes from wild relatives to domestic varieties
was done (Beebe et al., 1997).

Proofs supporting diversity of two centers of origin come from study of
variability of grain size (Evans, 1973), phaseolin (Gepts et al., 1986),
morphology (Singh et al., 1991), isozyme (Koenig and Gepts, 1989,
Singh et al, 1991a), and DNK markers (Haley et al., 1993).

Storage protein phaseolin and isozymes

From total protein content in bean 50 and 75% are globulins (Alli et
al., 1994). There are two types of protein inside this group, the dominating
one — phaseolin, and lectin or phytohemagglutinin (Staswik et al., 1986).
Phaseolin the main reserve bean protein is soluble in high salt concentration. It
contains from 35 to 50% of total nitrogen in seed (M a and Bliss, 1978,
Lioi, 1989). Phaseolin is coded with loci complex from 6 to 9 genes. Alleles
coding polypeptides of each phaseolin type are co-dominant. Reserve proteins
are reliable markers in studies of domestication and dispersion of bean varieti-
es, and in analysis of phytogene relationship between species inside Phaseolus
genus. In comparison with Phaseolus vulgaris L., bean and string bean, other
species of this genus have not been studied enough in the context of molecular
characterization.

Bean as a self-pollinated plant species presents an excellent material for
isoenzymic fingerprint. Low level of heterozygosity makes it possible for each
species to be characterized with one or two isozymic profiles (Weeden,
1984).

The aim of this work was to evaluate 15 bean varieties, using phaseolin
seed protein and isozymes analysis, the genetic variability as well as to relate
their origin to the Mesoamerican and Andrean gene pools. The results may
contribute to improvement of germ plasm bank management and may improve
the efficiency of the breeding process.

MATERIAL AND METHODS

Fifteen bean genotypes of different origin i. e. selections were studied in
this paper. Eight varieties of Department of vegetables, Research institute of
field and vegetable crops (IFVC), Novi Sad: Zlatko, Sremac, Balkan, Belko,
Dvadesetica, Leva¢, Maksa and Aster, domestic population: Greenish-yellow
Stepanovicevo and Jovandeka, Bulgarian varieties Prelom and Ludogorje, vari-
ety Medijana from Smederevska Palanka, American variety C-20, and Slavon-
ski Zuto zeleni from Croatia.

Stem tissues of 5 days old seedling homogenized in S0mMTrisHCI, pH
6.8 in which 1% mercaptoethanol was added, was used for isozymic analysis.

36



Isozyme systems: malate dehydrogenase (MDH), malic enzyme (ME), phos-
phohexose isomerase (PHI), phosphogluconate dehydrogenase (PGD), phos-
phoglucomutase (PGM), shikimate dehydrogenase (SKDH), isocitrate dehydro-
genase (IDH), alcohol dehydrogenase (ADH) were analyzed according to Stu-
ber et al. (1988).

Preparation of samples and 1D-SDS PAGE electrophoresis of phaseolin
were done according to Rodino et al. (2001). Four individual seeds were
tested from each samples.

RESULTS

From 8 analyzed enzymic systems, enzymes MDH, SKDH, ME and IDH
were polymorphic, while there were no differences in zymograms for enzymes
PGM, PHI, PGD, and ADH (Fig 1). Genotypes Jovandeka and Aster had fa-
ster traveling variant of malic enzyme and malate dehydrogenase, while rest of
them had slow traveling allelic variants (Fig. 2a and b). Three different allelic
variants were found for enzyme shikimate dehydrogenase (Scheme 1) and two
for locus Idhl isocitrate dehydrogenase.

a) b)

—— Al

Fig. 1. — Zymogram pattern of PGM (a) and PHI (b) bean genotypes

Fig. 2. ME (a) and MDH (b.) zymograms of bean genotypes from the left to the right:
C-20, Aster, Ludogorje, Jovandeka, Prelom, Medijana, Greenish-yellow Stepanovicevo
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Analysis of phaseolin revealed two types: S and T. S type of phaseolin
was found in most of analyzed genotypes (9 from 14) (Tab. 1). Phaseolin type
T is found in varieties of Novi Sad selection: Zlatko, Sremac and Aster, dome-
stic population greenish-yellow Stepanovicevo and Jovandeka, Croatian variety
Slavonski Zuto-zeleni (Fig. 3).

Tab. 1. — Bean varieties, origin, type of phaseolin and isozymic variants
Bean variety Origin Typeof  \ipH ME SKDH IDH
phaseolin
1. Zlatko IFVC T S S B F
2. Sremac IFVC T S S A F
3. Balkan IFVC S S S C F
4. Belko IFVC S S S C F
5. Dvadesetica IFVC S S S B F
6. Levac IFVC S S S C F
7. Maksa IFVC S S S C F
8. g}reemsh—.}:ellow domestic T S S A S
tepanovicevo population
9. Medijana S. Palanka S S S C F
10. Prelom Bulgaria S S S C F
11. Jovandeka domestic T F F B S
population
12. Ludogorje Bulgaria S S S C F
13. Aster IFVC T F F B S
14. C-20 USA S S S C F
15. Slavonski Zuto-zeleni Croatia T S S B F
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Fig. 3. — Different types of phaseolin obtained by SDS PAGE electrophoresis:
1. protein marker (170-11 kDa), 2,3 control S type phaseolin, 4,5 control C type,
6,7 control S, 8—11 C-20, 12—15 Aster, 16—19 Ludogorje, 20—23 Jovandeka

DISCCUSSION

The variability at the protein level has been well documented for P. vulga-
ris (Weeden 1984, Koening and Gepts, 1989). Isozyme analysis (Koe -
ning and Gepts, 1989) and the analysis of phaseolin seed storage protein
pointed out to two different groups of P. vulgaris. It was found out that there
was a relationship between geographic distribution and phaseolin type in wild
and cultivated bean varieties. Samples from Central America had primarily S
phaseolin type, with a few exceptions having M type. Samples from Andes
had primarily T phaseolin type, and some had C, H, A, J, or I type. There are
bean varieties with S and C/T phaseolin type, revealing that multiple events of
gene recombination happened during domestication process (Brown et al.,
1982, Gepts et al., 1986).

The origin of Serbian bean germ plasm is unclear. The biochemical mar-
ker phaseolin and isozymes were used in this work to display the variation of
common bean germ plasm. The S type of phaseolin was found in most of
analyzed genotypes (9 from 14) (Tab. 1), which revealed that in the process of
development of new varieties under climatic conditions of our country and the
region, germ plasm from Central America was used. According to Gencev
et al. (2002) Bulgarian bean varieties with dominating S phaseolin were better
adapted, to climatic conditions of high temperature, and irregular rain falls, in
comparison to others.

Phaseolin type T was found in varieties of Novi Sad selection: Zlatko,
Sremac and Aster, domestic population greenish-yellow Stepanovicevo and Jo-
vandeka, Croatian variety Slavonski Zuto-zeleni (Fig. 3). Those varieties were
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developed from domestic populations from north-west region of Balkan, Sla-
vonia, and Vojvodina.

Zeven etal (1999) showed that T phaseolin type predominated in Hol-
land gene bank. It was found in 132 genotypes from analyzed 157, which re-
vealed Andes origin.

By combination of data for phaseolin and seed size one can conclude that
at least three independent domestications took place. In Central America do-
mestication led to varieties with small seed and S phaseolin type; in Columbia
small seed and B phaseolin type, and in region of South Andes large seed and
T phaseolin type. Low frequency of B phaseolin type pointed out that it was a
minor center (Gepts et al.,, 1986). Origin of C, H and T phaseolin type has
not been cleared yet. They have not been found in Central America. Brown
et al. (1981) suggested that C phaseolin type could be created by translocation
or uneven crossing over in hybrids between two lines having T and S type.
This event could take place after introduction of varieties with S phaseolin
type into Andes region. Results obtained in this work suggested that both gene
pools were used in process of introduction and breeding of common bean in
Serbia.

Data on isozymic variability in combination with data on phaseolin type
give a fine picture on genetic diversity of bean varieties (Santalla et al.,
2002). Analysis of specific region of genes for phaseolin, identification of va-
riation in exon and intron, offers more precise data on genetic diversity (K a -
mi et al., 1995).

CONCLUSION

It was confirmed by experiment that significant polymorphism of enzy-
mic system was not expected since commercial bean varieties were studied.
Different allelic variants were found for enzymes: MDH, ME, SKDH and
IDH. Most of studied genotypes had S type of phaseolin, and T type was fo-
und in just a few. Germ plasm from Central and South America was used in
the process of creation new varieties under climatic conditions of our country
and the region. Analysis and characterization of varieties of Department of ve-
getables, Research institute of field and vegetable crops, Novi Sad at the level
of protein was done for the first time. Obtained results present a solid starting
base for further investigation of gene bank and application of molecular mar-
kers.
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KAPAKTEPU3ALIMJA COPTU TTACYJbA HA OCHOBY
[MPOTEMHCKMX MAPKEPA

3opuna T. Hukonuh!, Mupjana A. Bacuh?, Mupjana b. Munomesuh!,
Munka Jb. ByjakoBuh!, Jenuua M. I'BozganoBuh-Bapra?
I HarmmoHasHa j1abopaTopuja 3a WCIMTUBAHGE CEMEHa,
Makcuma Topxor 30, 21000 Hosu Can, Cpbuja
2 Hay4HU WMHCTUTYT 3a paTapcTBO M IMOBPTApPCTBO,
Maxkcuma I'opkor 30, 21000 HoBu Can, CpOuja

Pesume

VY pany je mpoydyeHo 15 copTu macy/ba pasjiMyMTOr IIOpeKja U CceleKuHja, U3
OaHKe reHa 3aBoja 3a MoBpTapcTBO HayyHOr MHCTHMTYTa 3a paTapcTBO M MOBPTapCTBO,
HoBu Can. AnanusupaHo je 8 eH3MMCKHX CHUCTeMa U Pe3epBHM IPOTEUH (ha3eosIMH.
Paznuuure anenne Bapujante HaheHe cy 3a ensume: MDH, ME, SKDH u IDH. Behu-
Ha aHaIM3UpaHux reHoTturnona (9) uma S tun ¢aszeonuHa. CopTe HOBOCAICKE CeJIEK-
muje: 3nmarko, Cpemanr u Acrep, nomahe nmomynanuje XKyrto 3eineHn CrenaHoBuheBo u
JoBanpgeka, xpBarcka copra CinaBOHCKHU KyTo-3ejeHu umajy T tumn daszeonnHa. Hoso-
cajicke copTe Cy HacTajie u3060poM U3 joMahux momyjaluja U3 ceBepo3anagHor Moj-
pyyja bankana, CnaBonuje u BojBomuHe.

Ha ocHoBY 100ujeHuX pe3ysiTaTa 3aKbydeHo je Ja ce Yy MPOoLECy cTBaparba HOBUX
COPTU y KJIMMATCKMM YCJIOBMMa Hallle 3eMJb€ M PEeTMOHa KOPUCTHWJIA TepMILIa3Me U3
Cpenme u u3 JyxHe Amepuke. [1o nmpBu MyT cy U3BpIIeHE aHAIM3e U KapaKkTepu3alu-
je coptu 3aBoja 3a MOBPTApcTBO HayyHOT MHCTUTYTa 3a paTtapcTBO M IOBPTAapCTBO,
HoBu Caj, Ha npoTeuHckoM HUBOY. Pedyntatu nmosumopdusma dazeonrHa U U30€H-
3UMa TIpeACTaBIbajy J0OpY IMOTa3Hy OCHOBY 3a Jajba MCTpaKWBarba OaHKe TeHa Imacysba
1 TIPUMEHY MOJIEKYJapHUX MapKepa.
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EFFECT OF CYTOPLASM ON EXPRESSION OF GENES
FOR RESISTANCE TO PUCCINIA TRITICINA

ABSTRACT: The F2 progenies from crosses of wheat varieties Pliska, Sreca, Vila,
Holly, three BM lines as Lr 26, Lr 34 and Lr 38 near isogenic lines (NIL), were tested si-
multaneously in the greenhouse at seedling stage (20°C) and differentiated according to the
reaction type to Puccinia triticina monopustule isolate collected from Pesma, the most resi-
stant wide grown variety in Serbia. The presence of Lr 26 and Lr 26 + Lr 34 genes was
found in incomplete but not in partialy resistant varieties Sreca and Vila. Pliska and three
BM lines had a complete resistance controlled by other genes. Genes from Pliska acted
complementary in authentic cytoplasm and were single effective in Lr 34 NIL (Thatcher
background) one. Resistance of two BM lines was dependent of one gene. Lr 26 and Lr 34
had influence on resistance enhancement in the F2 of crosses with Sre¢a and Vila when
NILs were donors of cytoplasm. They also increased frequency of completely resistant
plants in progenies of Pliska. Resistance suppression controlled by gene linked with Lr 34
on 7D chromosome was evident.

KEY WORDS: Puccinia triticina, Lr 26, Lr 34

INTRODUCTION

According to gene-for-gene concept (Flor, 1971), the parasite popula-
tion differentiation methods were developed Johnson and Browder,
1966). Only few Lr genes in near isogenic lines (NIL, products of backcros-
sing with variety Thatcher), expressed the hypersensitive resistance to the viru-
lence in the investigated European parasite populations (Mesterhazy et
al., 2000). The logical consequence in applied breeding for the resistance was
pyramiding of specific single genes effective to the population parts. There
was attempt to use the term pyramiding for any case of genes for resistance
relative to parent’s efficient accumulation (Rolfs et al., 1992). The basis of
the enhanced hypersensitive or partial resistance was the aim of many studies
(Samborski and Dyck, 1982; Mom<cilovié¢ and Jerkovid, 1985).
Inheritance of the trait was mostly explainable parallel by eliminating the sup-
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pressor genes during the wheat breeding (Kyosawa and Nomura, 1997).
With aim to avoid mentioned parallelism, the method that involved the Lr near
isogenic lines as fathers for gene identification was applied (Jerkovid,
1992; Mic¢anovié, 2002). The resistant genes identification across the mo-
lecular markers without observed interactions with pathogen has promoted the
inventarisation of the genotype resistance potential. Benefit was in relatively
quickly decreased number of involved genes. According to studies of F, gene-
ration defining necessary minimum of the genes for the efficient resistance in
the particular wheat growing regions could be helpful for breeding to obligate
parasites resistance purpose in future.

The aim of the study was to investigate the number and way of action in
of the genes for hypersensitive seedling resistance to Puccinia triticina in Ser-
bia in different cytoplasm as involvement of the very common Lr 26 and Lr
34 genes in the trait expression.

MATERIALS AND METHODS

The winter wheat genotypes with different expression of the resistance as
partial: Lr 26 NIL (not Thatcher cytoplasm), Lr 34, Lr 38 NILs (Thatcher
cytoplasm) McIntosh, 1988) and Holly; incomplete but hypersensitive:
Sreca, Vila; complete: Pliska, BM 6, BM 26 and BM 242, to the Puccinia tri-
ticina isolate from the most resistant in the region nowadays grown winter
wheat variety Pesma, by the virulence of race 2 Johnston and Browder,
1966) were crossed. F, progenies were simultaneously tested in the greenhouse
at air temperature around 20°C during the February 2005. The spores were
trashed from susceptible variety Novosadska Rana 2. The estimation of the re-
action types according to the scale 0—4 (RT) (Stakman et al.,, 1962) was
12 days after infection. The plants with RTs 0—3 were counted as resistant
(HR). The frequency of hypersensitive resistant plants (PR) was the result of
divided resistant and total number of plants. The agreement probability of
experimental and expected two or three hybrid segregation ratios (SR) beside
resistant (R) and susceptible (S) plants were calculated according to the y? test
schedule.

RESULTS AND DISCUSSION

The partially recessive inherited suppressor of the resistance linked with
Lr 34 was more efficient in cytoplasm of variety Pliska then in Thatcher one.
Amount of at least three dominant genes (RIRIR2r2) controlled hypersensitive
resistance of plants, were proved according to achieved SR near expected 5R:
11S in F2 Pliska x Lr 34 NIL (Table 1). Heterozygous suppressor on 7D chro-
mosome and heterozygous two resistant genes produced susceptibility. Sup-
pressor on mentioned chromosome for stem rust resistance genes was detected
by Dyck (1987). Segregation ratio (SR) 9R:7S when Pliska was crossed
with Lr 38 NIL was associated with the complementary effect of the resistant
genes in the mentioned variety, as 45R:19S (FR = 0.70) did when Lr 26 was
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added. The Lr 38 NIL was resistant to parasite population in Hungary while
Lr 26 and Lr 34 NILs were susceptible according to RT (Manninger,
2002). In Serbia, Lr 38 NIL was susceptible. The high percent of the resistant
plants in the progeny of Lr 34 NIL x Pliska, when mentioned NIL was the do-
nor of cytoplasm leaded to conclusion that resistance genes inherited from va-
riety had independent single effect. Expressed genes could be Lr 1 and some
of the Lr 2 multiple alleles Jerkovic et al, 2003). The presence of Lr 9,
Lr 19 or Lr 24 in Pliska was not expectable according to previous study (Jer -
kovié, 1992). The hypersensitive resistance controlled by Lr 34 when air
temperatures were lower (10°C) was also observed by Dy ck (1987). Linked
suppressor influence on resistance expression was dependable of the cytoplasm
(Thatcher or Pliska). The similar SR as in progenies of crosses with Lr 34 NIL
was achieved in one from another partial resistant variety Holly. The Lr 26
was effective throw complete resistance as complementary with resistance ge-
nes beside Lr 34. Results of progenies from Pliska and complete resistant BM
lines, also indicated the presence of two dominant complementary resistance
genes from Pliska.

Tab. 1 — Inheritance of the resistance to Puccinia triticina in F2 progenies from the crosses of
incomplete and complete resistant wheat genotypes

FR of FR of

Mother Father complete  hypersensitive Conventional two, Total No. of
in combination P M three hybrid SR tested plants
R plants R plants

Pliska x Lr 38 0.1 0.56 9R:7S 0.99 160

. Suppressor on 7D
Pliska x Lr 34 0.02 0.33 in NIL 5R:11S 0,75 247

. Suppressor in Holly
Pliska x Holly 0.04 0.28 SR:11S 0,10 243
Pliska x Sreca 0.04 040 TR or suppressor ) 75 166

in Sreca
Pliska x Vila 0.42 0.70 45R:19S 0.99 188
Pliska x BM 6 0.78 0.92 57R:7S 0.50 97
Pliska x BM 26 0.40 0.80 54R:10S or 4 genes 0.05 217
Pliska x BM 242 0.85 0.91 57R:7S 0.50 207
Lr 26 homozygous + 2

Lr 26 x Sreca 0.33 091 inSreca effective throw o, 300

complete resistance in
NIL cytoplasm 60R:4S
Lr 26 homozig. + 2 in
0.91 Vila effective throw 0.05 280

Lr 26 x Vila 0.28 . :
complete resistance in
NIL cytoplasm 60R:4S
Lr 26 x Pliska 0.1 0.70 45R:19S 0.99 234
Lr 34 x Sreca 0.34 0.84 54R:10S 0.99 241
Lr 34 homozygous + Lr
Lr 34 x Vila 0.34 0.90 26 + one gene from 0.05 225
Vila 60R:4S
2 single effective genes
Lr 34 x Pliska 0.34 0.93 from Pliska in Thatcher 0.90 155

cytoplasm 15R:1S
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Such acted but different two genes were in BM 26. One single gene for
resistance from BM 6 and BM 242 (according to same RT as in previous stu-
dies Lr 19) was detected. Last mentioned gene was located at the same chro-
mosome as Lr 34. If these two genes were present in progenies, expected FR
had to be 0.94. Lr 34 was in that case complementary to another gene from
Pliska. The expected FR was near to achieve, as 0.89 also. So, the only prove
of Lr 34 absence in Pliska was the result of progeny from the cross when Lr
34 NIL was not the cytoplasm donor. In the case of Lr 34 carrying chromoso-
me presence in Pliska the linked suppressor effect had to be overcome by ge-
nes for resistance accumulation. Recessive inheritance of the resistance was
excluded according to the results of F, Pliska x Lr 38 NIL. The SR of the F,
Vila x Pliska was similar with those when Lr 26 from NIL was involved. The
presence of this gene in Serbian varieties was logical according to pedigrees.
Expression in resistance direction with other genes in used material (FR 0.70
in F, of Lr 26 NIL x Pliska, Pliska x Vila) was evident. The SR 3R:1S was
achieved in F, Anastasia X Renesansa. Anastasia carried Lr 26. As seedlings,
Renesansa was partially and Anastasia incomplete hypersensitive resistant (Jer -
kovic et al., 2003). In the cytoplasm of NILs the enhancement of the resi-
stance from incomplete to complete was achieved by gene accumulation in the
progenies from varieties Sre¢a and Vila. According to gene identification re-
sults Sreca possess the Lr 26 as Vila Lr 26 and 34. Three expressible genes in
each of these varieties were present. Lr 26 was also complementary with resi-
stance genes in Pliska in the NIL (not of Thatcher) cytoplasm. Sreca carried
different suppressor than Lr 34 NIL. In the cytoplasm of Pliska the Lr 34 NIL
was donor of suppressor linked with mentioned resistance gene. Lr 38 was not
effective single or in combinations. The Lr 34 was also in resistance enhanced
function together with resistance genes from Sreca and Vila in the Thatcher
cytoplasm. The similar expressed complementary identified genes as two do-
minant in Pliska were Lr 3 in Selekta with another unknown, or Lr 14a and Lr
16 in the line NS 1923. In the investigation were involved Lr 1, Lr 2a, Lr 3,
Lr 10, Lr 13, Lr 14a, Lr 16 and Lr 26. The mentioned NILs were used as fat-
hers in the crosses. The relatively increased FR in comparison to other proge-
nies was the signal of the particular of noticed known genes presence in the
investigated resistant material M ic¢anovi¢, 2002). The one of conclusions
from presented results was that Thatcher and NILs had to be used as fathers
with purpose to prove complementary effect and linked resistance enhance-
ment. The last trait was previously dependable to particular resistant genes
amount in the progenies. Single effective dominantly inherited gene like Lr 9,
Lr 19 or Lr 24 (sometimes called strong) was also recognized in two BM li-
nes. They were more efficient throw lower RT without necrosis supported by
other resistance genes. Such resistance of genotypes carried Lr 26, Lr 19 and
Lr 24 accumulation was described by Wanishe and Milus (2004). The
enhanced resistance and linked FR decrease was dependant to gene from B ge-
nome (Lr 26). Such was previously noticed by Kolmer (2003).
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YTULAJ OUUTOIIITIASME HA MCITOJbABAGE T'EHA 3A OTITOPHOCT
IMPEMA ITPOY3POKOBAYY JIMCHE PBLE INIIEHUIE

3opan WM. JepxoBuh, Mapuna IlytHuk-/lennh
HayyHu MHCTUTYT 3a patapcTBO M MOBPTApCTBO,
Maxkcuma I'opkor 30, 21000 HoBu Can, CpbGuja

Pesnme

IToromcTBa D2 reHepauuje U3 ykpiutamwa coptu mineHuie I[incka, Cpeha, Bu-
na, Xomu, Tpu bM kao u JIp 26, JIp 34 u JIp 38 uzorene munuje (HWUJI), cy Tectupa-
Ha UCTOBPEMEHO Yy cTaaujyMy cejaHana y ctakiapu (20°C) u pa3niukoBaHa II0 TUITY pe-
aKiMje mpemMa MOHOITYCTYJTHOM u3oJiaTy jucHe phe 1 [lecMe, HajoTmoOpHUjE MpOLIUpe-
He copre y Cpouju. IIpucycrtso JIp 26 u JIp 26 + JIp 34 reHa je yCTaHOBJbEHO y He-
KOMIUIETHO @M He M MaplujaiHo oTrmopHUM coptama Cpeha u Buia. Ilnucka u tpu
BM nuHuje cy ucrospuiie MOTHYHY OTIIOPHOCT HAa OCHOBY Apyrux reHa. I'enm mu3 Ilnu-
CKE Cy JIeJIOBAJIM KOMILUIEMEHTAPHO y LMTOIUIa3MU HaBEIEHE COpTe, a IMOjeIMHAYHO Y
oHoj on JIp 34 HWUJI. OrnopHoct nBe bM nuHuje je O6wia HacneheHa mpeko jemHor
rena. JIp 26 u JIp 34 cy yrunanu Ha noseharbe otmopHoctn y D2 kama cy Cpeha u
Buna 6une moHopu uutoruiasme. Takolhe, mosehanu cy (ppekBeHIIM]jy MOTIYHO OTIOP-
HUX Owbaka y [IIMCKUHMM TIOTOMCTBMMA. YCTAaHOBJ/BEHO jeé CMameHhe OTIOPHOCTH
KOHTpOJIMCaHO TeHoM Be3aHuM 11 JIp 34 Ha 7/] xpomosomy.
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ANALYSIS OF ANATOMICAL AND
MICROMORPHOLOGICAL CHARACTERISTICS OF
IVA XANTHIFOLIA NUTT.

ABSTRACT: Iva xanthifolia is a North American weed species, which was introdu-
ced and naturalized in Europe. Anatomical and micromorphological characteristics of this
species were investigated, in order to get better knowledge of its biology, which could help
in development of strategies for prevention of its spreading. Detailed descriptions of lamina,
petiole, stem and inflorescence axis anatomical structures were given, together with micro-
morphological characteristics of epidermis and indumentum of lamina, petiole, stem, inflo-
rescence axis, involucre and fruit. All vegetative organs had mesomorphic structure, with
some xeromorphic adaptations. Mechanical tissue was well developed, which gave those
plants additional strength and resistance. Trichomes were the most numerous on lamina and
in the region of inflorescence, while rare on petiole and stem epidermis and their distribu-
tion varied according to plant organ.

KEY WORDS: anatomy, Iva xanthifolia, indumentum, micromorphology

INTRODUCTION

In last few decades one more adventive species is spreading in the North
Serbia (Vojvodina) — Iva xanthifolia. It is North American species, which
was introduced and naturalized in European flora (Hansen, 1976). It belongs
to Pontic-Pannonian (Sarmatian-sub-Atlantic) element of flora in Europe M eu -
sel and Jager, 1992), with values of ecological indexes around optimal
(S 06, 1970). In Vojvodina, it was first recorded by Sajinovié¢ and Ko-
ljadzinski (1966). Ecological conditions of the Pannonian plane proved to
be very suitable for its fast and aggressive spreading. As the result, the area of
distribution of Iva xanthifolia in our country expanded. This species was also
recorded in floras of our neighboring countries, in the region of Pannonian
plane — Romania (Ciocarlan, 2000), Croatia Markovi¢, 2000) and
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Hungary (Horvath et al., 1995). Iva xanthifolia is also plant that can cause
different allergic reactions in humans (I gi¢ et al., 2005). Considering its pro-
gressive spreading in this region, it could be supposed that this species, to-
gether with Ambrosia artemisiifolia, could cause significant problems for hu-
man’s health in near future. In order to perceive biological characteristics of
this species more completely, it is necessary to get better knowledge of the
structure of its vegetative and reproductive organs. For that purpose, detailed
analysis of anatomical structure of lamina, petiole, stem and inflorescence axis,
as well as micromorphological analysis of epidermis and indumentum of lami-
na, petiole, stem, inflorescence axis, involucre and fruit were conducted.

MATERIAL AND METHODS

Dry plant material was taken from Herbarium of the Department of Bio-
logy and Ecology (BUNS), University of Novi Sad (voucher numbers 2-1969,
2-1970 and 2-1971). Plants that were used for analyses originated from diffe-
rent localities in North Serbia (Vojvodina)—saline in Orlovat, neglected habi-
tat in Novi Sad and ruderal habitat in Apatin. Structure of the lamina, petiole,
stem and inflorescence axis was determined using light microscopy. Cross sec-
tions were made using Leica CM 1850 cryostat, at temperature —18°C to
—20°C, at cutting intervals of 25 pum. Sections were observed using Image
Analyzing System Motic 2000. Indumentum characteristics of lamina, petiole,
stem, inflorescence axis, involucre and fruit were observed using scanning
electron microscopy (SEM). Small pieces of dry parts of the plants were sput-
ter coated with gold for 180 seconds, 30 mA (BAL-TEC SCD 005) and
viewed with JEOL JSM-6460LV electron microscope at an acceleration vol-
tage of 20 kV.

RESULTS AND DISCUSSION

The results of lamina anatomical analysis showed that it had dorsiventral
structure. Mesophyll was differentiated on palisade and spongy tissue, which
were almost equal in thickness. Palisade cells were elongated, rectangular in
shape, arranged in one layer. Spongy cells were round to oval in shape, arran-
ged in several layers. Crystals in the form of crystal druses were observed in
idioblasts, which were placed among the mesophyll cells. Collateral closed
vascular bundles in mesophyll were arranged in a line. The main vein and the
most of the lateral veins were prominent on the abaxial side. One vascular
bundle, surrounded by parenchyma sheath, occurred in them. Collenchyma tis-
sue was present in large veins, subepidermally. Epidermis was one-layered, co-
vered with dense indumentum (Fig. 1). Nonglandular trichomes were multicel-
lular, uniseriate, narrow or very wide. On adaxial epidermis they were short
and erect, while on abaxial epidermis more numerous, longer and flattened.
Two types of glandular trichomes were present — short and long ones (Fig.
2). Short glandular trichomes were multicellular and biseriate. A large subcuti-
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Fig. 2. — SEM micrographs of lamina epidermis. Glandular trichomes: a-b. short glandular
trichomes; c-d. long glandular trichomes

cular chamber, filled with secretions, was formed by the elevation of joint cu-
ticle of upper secretory cells. Those trichomes were placed at the level of epi-
dermal cells, or slightly above the epidermis, and resembled peltate trichomes
very much. Long glandular trichomes were multicellular, uniseriate, with api-
cal secretory cell. They were less numerous compared to short trichomes. Both
types of glandular trichomes were present on both epidermal sides, but were
more numerous abaxially.

On cross section, petiole was round in shape, with two wing-like expan-
sions and more or less prominent lateral ribs (Fig. 3a). Epidermal cells were
small, with thick walls. Subepidermally, a few layers of collenchyma tissue
occurred. Collenchyma was especially well developed in wing-like expansions
and in the part of the cortex opposite to wings. Under collenchyma, multi-

Fig. 3. — Cross-section: a. petiole; b. stem; c. secretory canals in stem medulla (sc)
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layered assimilatory parenchyma occurred. Collateral closed vascular bundles,
surrounded by parenchyma sheath, were arranged in simple arc. Usually, three
large and several smaller vascular bundles were present. Groups of scle-
renchyma tissue occurred next to phloem and xylem part of the vascular bun-
dles. Large parenchyma cells were in the central part of petiole. Solitary
crystals of different size, prismatic, wide rectangular or narrow-rectangular in
shape, were recorded in them. Indumentum analysis using electron micro-
scopy, revealed the presence of nonglandular and long glandular trichomes,
while short glandular trichomes were not recorded. The number of trichomes
was smaller compared to lamina.

Stem cross-section was round in shape (Fig. 3 b, ¢). Epidermis was made
of small, thick-walled cells. Cortex was relatively thin, composed of few
layers of collenchyma cells and assimilatory parenchyma. Endodermis was not
prominent. More than twenty collateral closed vascular bundles were arranged
in a circle. Larger groups of sclerenchyma cells occurred next to phloem,
while smaller groups next to xylem. The cell walls of parenchyma cells
between vascular bundles were thickened, and they formed sclerenhymatous
parenchyma. Parenchyma cells in the central cylinder were large and contained
numerous small solitary crystals of narrow-rectangular shape. Among the pa-
renchyma cells in perimedullar zone, under vascular bundles, secretory canals
occurred. They were lined with epithelium and filled with secretions. Secretory
canals in family Asteraceae, where this species belongs to, could be present in
stem cortex, in the region of the endodermis, in stem medulla, root, petiole
and lamina (Metcalfe and Chalk, 1957). The distribution of stem secre-
tory canals was said to be valuable for the identification of genera. Observa-
tion of the stem epidermis under electron microscope showed that stem was
mostly glabrous, or with rare nonglandular and long glandular trichomes,
while short glandular trichomes were not recorded.

The anatomical structure of inflorescence axis was very similar to the
stem structure. On cross-section it was round in shape, with small ribs above
vascular bundles. Usually, it contained 15 to 17 vascular bundles. Number of
crystals in parenchyma cells of the central cylinder was much lower, compared
to the stem. Differences were also recorded in indumentum characteristics. On
inflorescence axis it was denser. Besides nonglandular and long glandular tric-
homes, short glandular trichomes were also recorded.

Inflorescences of panicoid type consisted of large number of solitary ca-
pitula. Each capitulum was surrounded by involucre. Observation of involucre
leaves under electron microscope revealed the presence of a very large number
of trichomes (Fig. 4). Besides nonglandular trichomes, short glandular tricho-
mes were very numerous, while the long ones were very rare. Short glandular
trichomes were especially numerous in the region of flowers, on the inner side
of involucre leaves.

The fruit was obovate in shape. Micromorphological analysis of pericarp
surface showed the presence of parallel, shallow, longitudinal ridges (Fig. 5).
They were more prominent on wider part of the fruits. Along the ridges, tuber-
culate structures occurred, which were also more prominent on the ridges of
the wider part of the fruits.
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Fig. 5. — SEM micrographs of pericarp surface: a. fruit; b-c. detail of pericarp surface

Anatomical and micromorphological analyses of leaf and stem showed
that they had mesomorphic structure, with some xeromorphic adaptations.
Mechanical tissue was well-developed in all examined organs: collenchyma
tissue subepidermally in larger lamina veins, petiole, stem and inflorescence
axis; sclerenchyma tissue next to the phloem and xylem parts of vascular bun-
dles; sclerenchymatous parenchyma between the vascular bundles of the stem
and inflorescence axis. Epidermal cells and the cells of the nonglandular tri-
chomes also had thick walls. This way of distribution of mechanical tissues gi-
ves those plants additional strength and resistance to different biotic and abio-
tic factors of the environment. Our analyses also showed that trichomes were
the most numerous on lamina and in the region of inflorescence, while rare on
petiole and stem epidermis. The distribution of glandular trichomes varied ac-
cording to plant organ. Long glandular trichomes were present on all examined
organs, but were not numerous. Short glandular trichomes were recorded only
on lamina surface and in the region of inflorescence, where they were more
numerous than the long trichomes. Because of such distribution of glandular
trichomes, it would be interesting to conduct biochemical investigations of
their secretions, in order to get better knowledge of their significance and role
they had in ecology of this species.
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AHAJIN3A AHATOMCKHUX 1 MUKPOMOPDOJIOIIKNX
KAPAKTEPUCTUKA IVA XANTHIFOLIA NUTT.

Jlana H. Kpctuh, I'opan T. Anaukos, Ilan I1. Boxa,
Py:xxuna C. Uruh, Jagpanka XK. Jlykosuh, [Iparana M. BykoB
Yuusepsurer y Hoom Cany, I[lpuponHo-matemMaTuuku (akyaTerT,
JenaptMmaH 3a Ouojorujy u exosorujy, Tpr JI. O6pagoBuha 2,
21000 Hosu Can, Cp6uja u Lpna I'opa

Pesnme

Iva xanthifolia je ceBepHOaMepuUyKa KOPOBCKAa BpCTa Koja je MHTPOAYKOBaHa W
Hatypaim3oBaHa Ha moapy4yjy EBpome. McTpakuBaHe cy aHATOMCKe U MUKpoMOpdo-
JIOLIKE KapaKTepUCTUKE OBE BPCTE, Y LIMJbY JOMIPUHOCA OOJbEM pa3yMeBamy HeHE OMO-
JIoTuje, MTO OM MOIJIO IOTIPUHETH pa3BHUjarby CTpaTeTHje 3a MPEBEHIIUjY HEHOT IIU-
pewa. Y paay cy AaT AeTajbHU omucu rpalje Jucke, JUCHE JIpIIKe, cTablia U OCOBUHE
1IBACTH, Ka0 U MUKPOMOPGOJIOIIKE KapaKTepUCTUKE eMUAepMUca U UHAYMEHTyMa Jia-
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MUHE, JJUCHE JpIlKe, cTabjaa, OCOBMHE 1IBACTH, UHBOJYKpyMa U 1uiofa. CBU UCIUTU-
BaHM BereTaTMBHM OpraHU MMajy Me3oMopdHy rpal)y, ca mojemmHuM KcepoMopdHUM
aganTauvjama. MexaHMuKo TKMBO je 10OpO pa3BUjeHO, 1ITO 00e30ehyje oBUM OMIbKa-
Ma Behy uBpcTohy u ormopHocT. Tpuxome cy HajMHOTOOPOjHUje Ha EMUAEPMUCY JIN-
CKEe W y PETMOHY LIBaCTH, JOK Cy PETKe Ha eNMUIEPMUCY JIMCHE JplIKe U cTabsa. Hbu-
XOBa OUCTpUOYIIMja Bapupa y 3aBUCHOCTH Ol OMJBHOT OpraHa.
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THE IMPORTANCE OF EXTREMOPHILE
CYANOBACTERIA IN THE PRODUCTION OF
BIOLOGICALLY ACTIVE COMPOUNDS

ABSTRACT: Due to their ability to endure extreme conditions, terrestrial cyanobac-
teria belong to a group of organisms known as “extremophiles”. Research so far has shown
that these organisms posses a great capacity for producing biologically active compounds
(BAC). The antibacterial and antifungal activities of methanol extracts of 21 cyanobacterial
strains belonging to Anabaena and Nostoc genera, previously isolated from different soil
types and water resources in Serbia, were evaluated. In general, larger number of cyanobac-
terial strains showed antifungal activity. In contrast to Nostoc, Anabaena strains showed
greater diversity of antibacterial activity (mean value of percentages of sensitive targeted
bacterial strains 3% and 25.9% respectively). Larger number of targeted fungi was sensitive
to cultural liquid extract (CL), while crude cell extract (CE) affected more bacterial strains.
According to this investigation, the higher biological activity of terrestrial strains as repre-
sentatives of extremophiles may present them as significant BAC producers. This kind of
investigation creates very general view of cyanobacterial possibility to produce biologically
active compounds but it points out the necessity of exploring terrestrial cyanobacterial
extremophiles as potentially excellent sources of these substances and reveals the most pro-
spective strains for further investigations.

KEY WORDS: cyanobacteria, Nostoc, Anabaena, extremophiles, biologically active
compounds

INTRODUCTION

At present, cyanobacteria generally remain as potential sources for further
investigations as prospective and excellent sources of biologically active con-
stituents produced during primary and especially secondary metabolism (Skul-
berg, 2000). Primary metabolites have been defined as low molecular weight
compounds that are necessary for growth (Staley and Stanley, 1986).
Thus, these compounds are produced by microorganisms during active growth,
1. e., in the logarithmic growth phase. They include amino acids, nucleotides,
coenzymes, organic acids and vitamins, as well, as intermediates in the bi-
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osynthetic pathways of these compounds. Secondary metabolites have been de-
fined as low molecular weight compounds that are not necessary for microbial
growth in pure culture continuously grown. These compounds are usually pro-
duced when the cyanobacterial culture enters the maximum stationary growth
phase.

Among microorganisms, cyanobacteria are rapidly proving to be an extre-
mely important source of biologically active secondary metabolites with poten-
tial benefits against human disease. They have been shown to produce a vari-
ety of antibacterial, antifungal, antilarval, antiprotozoan, antialgal, antihelmin-
tic and generally cytotoxic secondary metabolites (Meeting and Pyne,
1986; Glombitza and Koch, 1989), some of which have potential for
use as therapeutic or agrochemical agents (M oore, 1996). Among the com-
mercially significant secondary metabolites are antibiotics and other pharmaco-
logically active compounds, toxins and pigments (Staley and Stanley,
1986). Since they were first encountered, the toxins were always considered a
threat to the health of living organisms.

Research of microalgae and cyanobacteria has mostly been directed to-
wards examining water cultures. During the recent years, the emphasis has
been shifted to organisms that do not primarily depend on aquatic surroun-
dings, for not only survival but also reproduction. A large number of micro-
algae and cyanobacteria belong to the terrestrial types, which inhabit the soil
(soil microalgae), rocks, tree bark, roofs, caves, city walls and other surfaces
that are in contact with the atmosphere (Cvijan and BlaZenci¢, 1996;
Petrovska, 1997). Due to their ability to endure extreme conditions (for al-
gae and cyanobacteria, water represents the optimal environment), these orga-
nisms have become known as “extremophiles”. Extremophiles thrive on the
edge of temperature, pH, pressure, hypersalinity, dryness and desiccation. Re-
search so far has shown that these organisms posses a great capacity for pro-
ducing biologically active compounds.

Significant biological activity in vivo and in vitro is found to happen in
the cases of extracts of cyanobacterial strains isolated from freshwater and ma-
rine environments. It appears that extracts of terrestrial cyanobacteria have
been found to possess even greater biological activity (Patterson et. al,
1994; Reisser, 2000). Because of their special growing conditions, terre-
strial cyanobacteria posses survival and adaptation mechanisms not found in
aquatic species. Some scientists believe that the more harsh and extreme con-
ditions lead to a wider amplitude of metabolic extremities and possibilities,
which causes the production of a most diverse range of, more or less, specific
substances, reveling and pointing towards brilliant candidates for biotechnolo-
gical application (Svircev, 2005).

Terrestrial collections have frequently provided too little material for iso-
lation and identification of the active agents (Barch et. al., 1983). Among
976 cyanobacterial isolates, we managed to culture a great number of terre-
strial cyanobacterial strains which display significant growth rate (higher than
2g/1). On this basis, we have been engaged in a search for biologically active
constituents in cyanobacteria isolated from the soil samples. In this work, we
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present the significance of cyanobacterial extremophiles in the production of
biologically active compounds.

MATERIALS AND METHODS
Cyanobacteria and culture conditions

Cyanobacterial strains used for antibacterial and antifungal screening tests
were cultivated in Novi Sad Cyanobacterial Culture Collection (NSCCC), De-
partment of Biology, University of Novi Sad, Serbia. They were previously
isolated from different soil types (S, SB, C, CB, LC, LCB, 3, 4, 14) and water
resources (L, D, W, G) in Serbia. Isolates used to belong to genus Anabaena:
286B, 257, 88, C2, C3, C5, LCIB, LC2, 4, L, D, and genus Nostoc: SI, S2,
283B, S9B, 259, 2CIB, 3, 14, W, G. All the strains were cultivated in eight
Erlenmeyer flasks of 500ml volume, at the temperature of 26°C and fluore-
scent light intensity of 50 umolm=2s-!, for thirty-five days. They were grown in
BG11 liquid nutritive medium (Rippka et al.,, 1979), without supplemented
nitrogen.

Methanol extracts preparation
(Modified method by @ stensvik, 1998)

After incubation, microalgal biomass was separated from supernatant by
centrifugation, at 3500 g/min and than freeze-dried. Final dry biomass was
precisely measured. 15ml of solvent MeOH/EtOAc (ratio 10:1) was added to
each biomass sample. The dissolving process was improved by using the ultra-
sonificator (10x10 sec). The mixtures were kept over night at 4°C, in the dark.
After extraction, extracts were filtrated through sterile filter paper to eliminate
the cells and left at 37°C, in the dark for 48 hours to evaporate to dry residue.
In supernatant fluid, the same volume of MeOH/EtOAc was added as solvent
and all the fluid was evaporated to dry residue. Evaporated cell-free extracts
and dry supernatant residue were dissolved in 1% (v/v) MeOH/EtOAc in 0.9%
NaCl and sterilized by filtration through & 0.22 um filter. Finally, the extracts
of biomass and supernatants were administrated to obtain different dilution
rates.

Antibacterial-antifungal screening in agar plates

Bacterial strains Staph. oxfordii, Staph. aureus, Str. pyogenes, E. coli and
nine bacterial strains isolated from the river Danube water were used in the in-
vestigation. The following fungal isolates, as part of the Department of Bio-
logy, University of Novi Sad collection, were used in the antifungal screening:
yeasts Saccharomyces sp., Schizosaccharomyces sp. and Candida albicans and
molds Trichoderma sp., Cladosporium sp., Penicillium sp., Aspergillus sp. and
Rhizopus sp. Bacterial or fungal suspensions were added in sterile plates with
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MPA medium. Using the opposite end of sterile pipette, 4 mm wells were ma-
de. In two different experiments, 100 pl volume of methanol extracts of a)
cell-free supernatant (CE) and b) supernatant residue (CL) of all 21 cyanobac-
terial strains were added in the wells. After 24h of incubation at 37°C, the in-
hibition zones were measured (distance in [mm] from the edge of the well to
the point of normal colony size of the test bacteria).

RESULTS AND DISCUSSION

Among all cyanobacterial strains tested, some representatives of Anabae-
na and Nostoc genus showed no biological activity (19%), some strains detec-
ted less or more significant activity against different number of bacterial (19%)
and fungal (29%) species, but the most of the strains with detected biological
activity, influenced both group of targeted organisms, bacteria and fungi (Tab.
1, Fig. 1). Anabaena strains, however, showed greater diversity of antibacterial
activity (mean value 25.9%), while Nostoc strains produced active compounds
against less number of bacterial strains tested (mean value 3%) (Fig. 2). Ac-
cording to activity shown against the fungi, approximately the same number of
fungal species was sensitive to Nostoc and Anabaena active compounds (mean
values 15.3%: 16.9% respectively).

Tab. 1. — The percentage of bacterial and fungal strains affected by cyanobacterial extracts
(CE — crude cell extract, CL — cultural liquid extract)

BIOASSAY ANTIBACTERIAL ANTIFUNGAL
STRAINS CE CL CE CL
Anabaena

2S6B 26.8 13.4 5.9 5.9
287 60.3 53.6 5.9 11.8
S8 26.8 13.4 0 0
C2 80.4 33.5 0 0
C3 6.7 6.7 0 0
C5 0 0 11.8 23.6
LCIB 53.6 33.5 23.6 29.5
LC2 46.9 33.5 472 64.9
4 53.6 26.8 64.9 64.9
L 0 0 5.9 5.9
D 0 0 0 0
Nostoc

S1 0 0 0 0
S2 13.4 6.7 11.8 11.8
2S3B 134 6.7 29.5 29.5
S9B 0 0 11.8 41.3
259 0 0 53.1 41.3
2CIB 0 0 0 0
3 13.4 6.7 0 0
14 0 0 0 0
w 0 0 29.5 354
G 0 0 5.9 5.9
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Fig. 2. — Mean values of percentages of targeted bacterial and fungal strains sensitive to

extracts obtained from Anabaena or Nostoc strains

We can notice that tested Anabaena strains detected greater antibacterial
then antifungal activity, but most strains were producing both antibacterial and
antifungal substances (Fig. 2). It is opposite with Nostoc strains, which exhibit
mostly fungicidal influence (only 3% of the investigated bacterial strains were
sensitive to cyanobacterial extracts comparing to 15.3% of sensitive fungal
strains). Investigations of 50 cyanobacterial isolates, belonging to Nostoc ge-
nus, showed that more than 80% of the strains had significant biological acti-
vity, mostly antifungal. Antibacterial activity was less frequent (only 8 of 50
strains) (Piccardi et al., 2000). According to other research, less then 10%
of 255 strains of microalgae showed fungicide or fungistatic activity (Ne -
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meth and Ordog, 2000). Different results of various investigations con-
ducted as primary screening for production of biologically active compounds
(Svircev, 2005), could lead us to a conclusion that this capability is not ge-
nus dependent but vary from strain to strain, and the obtained differences are
only the result of small number of tested strains. It is also obvious that biolo-
gical activity can be directed towards one target, but can also refer to more
then one secondary metabolite, which is also depending on the cyanobacterial
strain (Tab. 1, Fig. 1). For example, C2 strain showed great antibacterial and
no antifungal effect, while S2 strain had similar biological activity on both
bacteria and fungi. At the same time, S1 strain showed neither antibacterial
nor antifungal effect.

In general, larger number of cyanobacterial strains showed antifungal ac-
tivity (Fig. 1). It was detected with 13 of 21 cyanobacterial strains. In all cases
but one (259 strain), cultural liquid extract affected exact or larger number of
targeted fungi then crude cell extract (Fig. 3). 12 of 21 investigated cyanobac-
terial strains showed antibacterial influence. All of those, except C3 strain, af-
fected larger number of targeted bacteria using CE then when CL was used in
experiment. This is most obvious with C2 strain, where CE: CL ratio is
80.4%: 33.5%. Similar results were obtained in some previous researches
where terrestrial strains were included (S vir¢e v, 2005). Investigations of 50
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Aspect of cyanobacterial influence

Fig. 3. — Mean values of percentages of targeted bacterial and fungal strains sensitive
to different aspects of cyanobacterial extracts: crude cell extract (CE) and cultural liquid
extract (CL); cyanobacterial strains with no detected influence excluded
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Nostoc strains showed that the bioactivity is equally distributed between lipop-
hilic and hydrophilic extracts of lyophilized cyanobacterial biomass. Methano-
lic extracts of Nostoc strain ATCC 53789, a known cryptophycin producer,
obtained from both thawed biomass (BE) and thawing water (WE) were active
against 9 of 12 fungi tested, but higher concentrations of WE were necessary
to obtain activity of this extract (Biondi et al., 2004). Various investigati-
ons of different aspects of cyanobacterial influence pointed that antifungal sub-
stances are mostly not excreted out of the cell, but stay within the biomass of
cyanobacteria observed. Nevertheless, screening of larger number of cyanobac-
terial strains for antifungal activities showed significant influence of excreted
bioactive compounds (Kulik, 1995). Various results from different investiga-
tions points that type of extract, as well as method of extraction, are an impor-
tant factor in intensity of BAC activity.

Aquatic strains used in this experiment showed no antibacterial influence
and less significant activity against fungal species then terrestrial strains (Fig.
4). According to these results, terrestrial strains, as representatives of extremo-
philes, should be taken into consideration as potent BAC producers more seri-
ously. Some scientists believe that revealing new capabilities and possibilities
of terrestrial strains presents a beginning of new era in biotechnology of mic-
roalgae (Reiser, 2000, Svircev, 2005).
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Fig. 4. — Mean values of percentages of targeted bacterial and fungal strains sensitive
to extracts obtained from terrestrial or aquatic strains
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This kind of investigation creates very general view of cyanobacterial
possibility to produce biologically active compounds but it points out the ne-
cessity of exploring terrestrial cyanobacterial extremophiles as potentially excel-
lent sources of these substances and reveals the most prospective strains for
further investigations. The action spectrum and the potency of different cyano-
bacterial extracts is strain dependent. Therefore, the screening type of investi-
gations, with as many cyanobacterial strains and targeted organisms as possi-
ble, are necessary to provide a large scale of information for each strain,
which could help in further researches toward possible application in bio-
technology.

CONCLUSION

In general, larger number of cyanobacterial strains showed antifungal
activity. Anabaena strains, however, showed greater diversity of antibacterial
activity (mean value 25.9%), while Nostoc strains produced active compounds
against less number of bacterial strains tested (mean value 3%). According to
activity shown against the fungi, approximately the same number of fungal
species was sensitive to Nostoc and Anabaena active compounds (mean values
15.3%: 16.9% respectively). Tested Anabaena strains detected greater antibac-
terial then antifungal activity, but most strains were producing both antibacte-
rial and antifungal substances. In contrast, Nostoc strains exhibit mostly fungi-
cidal influence. Cultural liquid extract (CL) affected exact or larger number of
targeted fungi then crude cell extract (CE), while more targeted bacterial stra-
ins were affected by CE then CL used in experiment. According to these inve-
stigation, the higher biological activity of terrestrial strains as representatives
of extremophiles may present them as significant BAC producers.

This kind of investigation creates very general view of cyanobacterial
possibility to produce biologically active compounds but it points out the ne-
cessity of exploring terrestrial cyanobacterial extremophiles as potentially ex-
cellent sources of these substances and reveals the most prospective strains for
further investigations.
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3HAYAJ EKCTPEMO®UIHUX UMJAHOBAKTEPUJA V IMTPOAYKLIMNIN
BUOJOIIKN AKTMBHUX MATEPUJA

Anekcannpa B. [Jpo6an-Yuk, Tamapa U. dymuh,
Hejan b. CrojanoBuh, 3opuna b. CBupuen
IMpupoagHo Marematnuku akyarer, JlemapTMaH 3a OMOJIOTUjY U €KOJIOTH]Y,
Tpr Hocureja Obpanosuha 2, 21000 Hosu Can, Cpbuja

Pesnume

3eMJbUIlIHE 1MjaHOOAKTEpUje MPUIIanajy rpynyd opraHu3ama Mo Ha3WBOM ,,eKC-
TpeModuan”, 3axBabyjyhu CIIOCOOHOCTM Ja OIICTajy y CTAHMUINTMMA Ca CKCTPEMHUM
ycioBuMa cpeauHe. Jlocanaiima UCTpaKMBamba Cy MoKa3ajia Ja OBU OPraHU3MU UMajy
BEJIMK KamaluuTeT MpOoAyKLMje O6uosomiku akTuBHUX Matepuja (BAM). [TocMmarpane cy
AHTUOAKTEPUjCKE M aHTU(YHTATHE aKTMBHOCTM METAHOJCKMX €KCTpakara ABaJeceT M
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jemHOr 1MjaHOOAKTEPUJCKOT coja CBPCTAHUX Y ponoBe Anabaena wiu Nostoc, a TpeT-
XOIHO M30JIOBAaHUX W3 PA3IMYMTHUX TUIOBA 3eMJBMINTA M BOAeHUX craHuinta Cpouje.
Behu 6poj cBUX MCMUTUBAHUX LIMjaHOOAKTEpHja MOKa3ao je aHTUMYHTaTHy aKTUBHOCT.
3a pasnuky on Nostoc, cojeBu U3 poaa Anabaena mokazaiu cy Behu IUBEp3UTET aHTU-
OaKTepHujcKe aKTUBHOCTHU (Cpelrba BPEMHOCT MPOLIeHTa 0aKTePMjCKUX cojeBa Ha Koje je
HCTIOJLEHO NIEjCTBO eKcTpakaTa ouna je 3% u 25.9% penom). Excrpakt dyrata (CL) je
KUCIOJbUMO AejCTBO Ha Behu Opoj MUCIIMTUBAHUX TJbMBa HETO OAKTEPMjCKUX COjeBa, JIOK je
kon hemmjckor excrpakta (CE) 6mo o6pHyT ciyuaj. I[Ilpema oBUM ucTpakuBarbnMa,
Beha OuoJIOlIKA aKTMBHOCT 3e€MJBUIIIHMX COjeBa Kao IIPEACTaBHUKA eKCTpemoduia y
OJIHOCY Ha BOJIEHE COjeBe MOKe MX ucTahy Kao 3HayajHe TMPOJAYLIEHTe OMOJIONIKU aK-
TUBHMX MaTepuja. OBakaB BU UCTPaKMBakba Jaje YOIIITEHY CJIMKY MOTYRHOCTH Iuja-
HoOakTepuja na Tnponykyjy BAM, amu takohe mcTMye HEONMXOMHOCT MpoydyaBama 3€-
MJBUIIHUX LI1jaHOOAKTEPUjCKUX eKCTpeModmia Kao MOTEHIMjaIHO BEOMa Ba)KHOT U3-
Bopa y no0ujakby OBMX MaTepMja, U yKasyje Ha HajliepClieKTMBHUjE COjeBe 3a Jiajba MC-
TpaKMUBamba.
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IMPROVEMENT OF PRODUCTION OF
HIGH-YIELD POPLAR VARIETIES SEEDLINGS BY
MYCORRHIZA APPLICATION

ABSTRACT: Research related to the effects of treatment by mycorrhiza preparations
Ectovit, Rhodovit (preparations Symbio-m Ltd., Czech Rep.) and their combination on
growth of four high-yield poplar clones of Populus deltoides and one variety of Populus x
euramericana are presented in this paper. In order to make more accurate assessment of
mycorrhiza effect, soil characteristics such as morphology, texture and chemical composi-
tion were determined.

The study results indicate that mycorrhized cuttings had the same or the better survi-
val in all the study clones compared to the control. The application of the preparation Ecto-
vit and Rhodovit resulted averagely in the first class planting stock of all the study clones.
The combination of the preparations Ectovit and Rhodovit produced averagely the first class
planting stock only of the clone Populus x euramericana.

KEY WORDS: mycorrhiza, planting stock, poplar

INTRODUCTION

Production of black poplar nursery stock is a necessary precondition for
the successful establishment of plantations. Nowadays, plantations are mostly
established by one-year-old rooted cuttings, type 1/1. The production of nur-
sery stock of the above age is derived from the black poplar property of vege-
tative reproduction (Markovic¢ et al., 1986). The production of black po-
plar nursery stock in the section Aigeiros is specific, because it depends on the
physicochemical characteristics of the soil, climate and hydrological conditi-
ons, characteristics of poplar clone, selection of planting space, with the
consequentially applied tending measures.

Poplar nurseries are located on the soils formed in the alluvial plains,
characterised by a high variability of characteristics over small areas (Ziv -
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kovid et al, 1972; Zivanov, 1979; Zivanov et al.,, 1986; Ivani-
Sevié, 1991). Zivanov et al. (1986) report that the soils in the Danube
alluvial plain are poor in readily available nutrients. The poor supply of the al-
luvial soil with readily available nutrients, after [vaniSevic¢ (1991), be-
comes acute as the consequence of the absence of floods, under the application
of the hydrological regime, or under intensive utilisation, such as in the nur-
series.

The permanent improvement of the nursery stock production technology
is necessary because of the constant generation of new genotypes, and also to
reduce the production cost. The improvement should be realised by the pro-
duction of the higher percentage of good-quality rooted cuttings and by the re-
duction of the costs of establishment and tending.

The aim of this paper is to contribute to the improvement of nursery
stock production technology by the application of the preparations containing
mycorrhizal inoculum. Mycorrrhiza is a symbiotic relationship between soil
fungi and plant roots. Two major types of mycorrhiza occur in Nature: en-
domycorrhiza and ectomycorrhiza. Subtypes of endomycorrhiza are arborous,
ericoid and orchidaceous mycorrhiza. Endomycorrhiza is common in about
90% of plant species whereas ectomycorrhiza is specific to conifers and some
broadleaf species. A basic principle is similar for all mycorrhiza types. When
new plant roots get in contact with the mycorrhizal inoculum the roots are co-
lonised with fungal hyphae and after a few weeks the external mycelium
network extends to the soil. Under normal condition fungus reproduces itself
and persists in the roots or in the soils throughout the entire life of plant.

The uptake of water and solutes by woody species in forests of the Medi-
terranean, temperate and boreal zones largely depends on the mycorrhizal sta-
tus of the roots. In forest ecosystems, ectomycorrhizas serve as a major organ
for nutrient uptake by trees (Marjanovic¢ et al.,, 2005). Ectomycorrhizas
are commonly assumed to enhance water uptake of their hosts (Boyle et al.,
1990; Mexal et al.,, 1973). The fine roots of forest trees occupy the top 10
cm of the soil, where nutrient cycling is the most intense, and are dominated
by ectomycorrhizal symbiosis (Bruns, 1995; Bakker et al., 2000). Poplar
cutting are treated with Ectovit and Rhodovit (preparations Symbio-m Ltd.
Czech Republic). Ectovit based on ectomycorrhizal symbiotic fungi. It is a na-
tural mycorrhizal bio-product improving growth of the majority of woody
plant species. Rhodovit is a natural mycorrhizal bio-product, based on ericoid
symbiotic fungi.

MATERIAL AND METHODS

The research was performed in the field polyclonal experiment establis-
hed by planting the cuttings of four experimental clones of eastern cottonwood
Populus deltoides B-229; Populus deltoides PE 19/66; Populus deltoides B-81
and Populus deltoides 182/81 and the clone of Euramerican black poplar Po-
pulus x euramericana M-1, planting space between rows 0.8 m, and within
rows 0.3 m.
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Physical characteristics of the soil were determined by the following met-
hods (BoSnjak et al., 1997):

— Particle size distribution (%) by international B-pipette method with
the preparation in sodium pyrophosphate,

— Classification of particle sizes by Atterberg’s classification.

Chemical characteristics were determined by the following methods (H a -
dzi¢ et al., 2004):

— CaCO, (%) volumetric method, by Scheibler unit calcimeter

— pH in H,O electrometric method with combined electrode on Radio-
meter pH meter

— Nitrogen content (%) by the modified Kjeldahl method

— Readily available phosphorus and potassium (mg/100 g) by Al-met-
hod Egner-Riehm-Dom.

Humus (%) were determined by Turin’s method, modification by Sima-
kov (Skori¢ and Sertié, 1966)

Root collar diameter and seedling height were measured at the end of the
growth period. The plants were classified according to the following categories
(IvaniSevié, 1991):

Extra class, seedling height above 3 m

I class, 2.51—3 m

IT class, 2.01—2.5

III class, 1.51—2 m and

below 1.5 m.

Poplar cuttings are treated with Rhodovit and Ectovit (Symbio-m Ltd.,
Czech Republic). Rhodovit is ericoid mycorrhizal inoculum contains a dry
component A, liquid component B and a powdered gel C.

A — perlit-peat carrier with bioadditives supporting the development of
mycorrhizal symbions (seaweed extracts, natural humates, natural source of ni-
trogen and magnesium)

B — Liquid medium with sterile grown mycelium of several ericoid
mycorrhizal fungi (Hymenoscyphus spp., Oidiodendron spp., and others)

C — powdered gel

Ectovit: ectomycorrhizal inoculum contains a dray component A, a liquid
component B and a powdered gel C.

A — perlit-peat carrier with the spores of two ectomycorrhizal fungi
Sclerodema spp., Pisolithus spp., and bioadditives supporting the development
of mycorrhizal symbiosis (seaweed extracts, natural humates, natural sources
of nitrogen and magnesium)

B — Liquid medium with sterile grown mycelium of another three ec-
tomycorrhizal fungi (Lactarius spp., Hebeloma spp., Laccaria spp. and others)

C — powdered gel

Treatment with preparation Ectovit and Rhodovit was done by soaking
cuttings in prepared solutions.
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RESULTS AND DISCUSSION

In this experiment, the soil has the following morphological properties:

A_ (0—40 cm): brown sandy loam, spheroid structure, calcareous, humus,
rich with roots, gradually transits into,

C (40—90 cm): gray-yellow sandy loam, structureless, calcareous, with
ingrown roots, gradually transits into,

, (90—180 cm): marmorized loamy sand, affected by intense oxida-
tion-reduction processes. Gray-blue gley continues under it and clearly transits
into

G, (deeper than 180 cm): gray blue gley

Based on the morphological description, it can be seen that the sample
plot soil is humofluvisol on the level of the type. The soil has a clearly diffe-
rentiated humus-accumulative horizon up to 40 cm thick, and a sandy loamy
texture. Under it, the C horizon continues also with a sandy loamy texture al-
ternating with the G horizon, in which the zone of oxidation-reduction proces-
ses and the zone of iron reduction are clearly differentiated. The stratigraphic
composition of the soil is A, — C — G, — G,

The soil textural class varies between loamy sand and sandy loam. Con-
tent of the silt+clay fraction in this soil varies between 21.2 and 34.8%. In the
distribution of particle sizes, fine sand content is the most important, and its
share is from 64.4 to 78.2%. The fraction of coarse sand has the lowest con-
tent, from 0.5 to 0.8%. This soil contains from 15.2 to 23.2% silt, and from
6.0 to 11.6% colloid clay.

Tab. 1. — Physical characteristics of soils

Granulometric composition %

Depth Total  Total
Horizon P 502 02002 002—0002 < 0.002 — 2 ol Texture
> 002 <002 class
cm mm mm mm mm mm mm
A, 0-40 05 65.9 232 104 664 336 Sandy loam
¢ 40-90 08 64.4 232 1.6 652 348  Sandy loam
G, 90—I80 0.6 78.2 152 60 788 212 Loamy sand
I G, 72—110 18 405 37.8 199 423 577 Ciay

The content of humus is highest in the humus-accumulative horizon and
amounts of 2.19%, decreasing uniformly with depth (Table 2). The content of
carbonates is between 11.3 and 14.25%, so it can be claimed that this soil is a
very calcareous soil. Accordingly, this soil has a highly alkaline reaction of the
soil solution. As for the content of readily available nutrients, this soil is in the
category of poorly to moderately supplied soils. Due to the low content of or-
ganic matter, a marker effect of carbonates is evident, which is expressed in
the form of increased alkalinity.
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Tab. 2. — Chemical characteristics of soils

. . P,O K,O
. Depth pH in Humus CaCO;  Nitrogen 25 2
H > 1 1
orizon (cm) H,0 (%) (%) (%) (m%i)i(l))o g (m%i)i(l))o g
Ap 0—40 8.68 2.19 12.1 0.077 7.8 7.4
C 40—90 9.01 0.53 14.2 0.030 7.2 6.4
Gy, 90—180 9.44 0.95 11.3 0.030 5.6 4.6

The survival percentage in the control amounted to 77—94% (Table 3).
The percentage of rooted cutting survival compared to the control was higher
only for the clone Populus x euramericana M-1. Other clones did not show a
higher percentage of rooting under the treatment with mycorrhized cuttings.

Tab. 3. — Survival percentage (%), diameter (d,-mm) and height (h;-m) of rooted cuttings

Control Rhodovit Ectovit Ectovit+Rhodovit
% dg hy % dg h % dg h % dg h

M-1 84 1280 1.69 91 185 255 97 19.08 252 94 1933 2.57
B-229 94 1978 230 94 2033 276 93 234 272 100 19.65 2.40
PE19/66 77 17.64 201 74 21.89 251 71 20.58 240 78 2031 2.38
182/81 89 1595 216 84 1790 242 73 16.80 227 71 1445 1.93
B-81 89 21.00 228 84 2289 247 79 2095 231 49 1795 191

Clone

Mean height was higher for all study clones treated by Rhodovit and Ec-
tovit (Table 3). Mean height in the control ranged between 1.69 and 2.30 m.
After Rhodovit treatment, the height was from 2.42 to 2.76m, and after Ecto-
vit, it was from 2.31 to 2.72 m. After the combined treatment of the clones
Populus deltoides 182/81 and B-81 by the above two preparations, mean he-
ight was lower than in the control. The results have shown the positive influ-
ence of application of mycorrhizal inoculum on diameter.

The statistically significant difference in mean heights compared to the
control was determined after the application of the preparations of microbiolo-
gical fertilisers for the clones Populus x euramericana M-1 and Populus delto-
ides PE19/66 (Table 4). The statistically significant difference compared to the
control was determined for the clone Populus deltoides B-229 for the prepara-
tion Ectovit, while for the clone Populus deltoides 182/81, the statistically sig-
nificant difference compared to the control was determined for Rhodovit.

Tab. 4. — Mean heights, analysis of variance and LSD test of poplar rooted cutting

Populus x euramericana M-1 Ectovit+Rhodovit 2.57 a
Rhodovit 2,55 a

Ectovit 252 a

Sign***  Control 1.69 b

Populus deltoides B-229 Ectovit 273 a
Rhodovit 249 b

Ectovit+Rhodovit 240 b

Sign***  Control 230 b
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Populus deltoides PE 19/66 Rhodovit 2.51 a

Ectovit 240 a

Ectovit+Rhodovit 2.38 a

Sign ***  Control 201b

Populus deltoides 182/81 Rhodovit 242 a
Ectovit 2.27 ab

Control 2.16 b

Sign ***  Ectovit+Rhodovit 193 ¢

Populus deltoides B-81 Rhodovit 247 a
Ectovit 231 a

Control 2.28 a

Sign***  Ectovit+Rhodovit 191 b

The application of microbiological preparations increased the percentage
of plants of extra class and I class (Table 5). The highest effect of the applica-
tion was determined for the clone Populus x euramericana M-1, and the
lowest variation was determined for Populus deltoides B-229.

Tab. 5. — Percentage of rooted cuttings (first and extra class, height up 2.5 m)

Clone Control Rhodovit Ectovit Rhodovit + Ectovit
P. x euramereicana M-1 11.00 58.24 51.37 69.14
Populus deltoides B-229 40.55 51.72 60.09 52.00

P. deltoides PE 19/66 25.97 60.81 49.30 55.12
Populus deltoides 182/81 30.34 52.38 30.14 19.72
Populus deltoides B-81 47.19 47.61 51.89 28.97

The total number of produced plants of the first class and extra class
(height above 2.5 m) in the control ranged from 4,583 to 19,662 (Table 6).

Tab. 6. — Amount of rooted cuttings for normal planting, per unit area

Clone Control Rhodovit Ectovit Rhodovit + Ectovit
P. x euramereicana M-1 4583 21467 21404 28808
Populus deltoides B-229 16896 21550 25037 21667

P. deltoides PE 19/66 10820 25337 20541 22997
Populus deltoides 182/81 12642 21825 12559 8213
Populus deltoides B-81 19662 19837 21621 12070

The highest effect of preparation application on the nursery stock produc-
tion was found for the clone P. x euramericana M-1, and then for the clone
Populus deltoides PE19/66. Compared to the control, the clone Populus x eu-
ramericana M-1 produced more rooted cuttings of the first class and extra
classes, from 16,884 to 24,225 respectively. For the clone Populus deltoides
PE 19/66 the difference was between 9,721 and 14,517 rooted cuttings. The
differences for the other analysed clones were lower. The results have shown
the positive influence of application of mycorrhizal inoculum on the amount of
rooted cuttings for normal planting.

Results of application of mycorrhizal inoculum were compared with re-
sults in experiment with planting space 1,3 x 0,2 m (AndraSev et al.,
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2002). Number of rooted cuttings of clone Populus x euramericana were in
range 21404 to 28808 in treatments with mycorrhizal inoculum, and in plan-
ting space 1,30 x 0,2 m were 17094 rooted cuttings (AndrasSev et al,
2002). It means that number of rooted cuttings of clone Populus x eurameri-
cana M-1 were higher for 4304 to 11714 (respectively) in treatments with
mycorrhiza. Number of rooted cuttings of clone Populus deltoides PE 19/66
were 20086 (AndraSev et al., 2002). In comparison to our results (table 6.)
number of rooted cuttings of clone Populus deltoides PE 19/66 were higher in
range of 455 to 4951 in treatments with mycorrhiza. This results show possibi-
lities of improvement in production of poplar rooted cuttings with mycorrhiza.

CONCLUSION

This paper analyses the effect of microbiological preparations Rhodovit
and Ectovit on the production of poplar planting stock for normal planting.

The percentage of rooting after the application of the above preparations
increased only for the clone Populus x euramericana M-1.

Mean seedling height was higher for all the study clones after the appli-
cation of Rhodovit and Ectovit. The statistically significant difference compa-
red to the control was determined after the application of the preparations of
microbiological fertilisers for the clones Populus x euramericana M-1 and Po-
pulus deltoides PE19/66.

The highest effect of the preparations on the nursery stock production
was determined for the clone P. x euramericana M-1, and then for the clone
Populus deltoides PE19/66.
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Angpej P. Mununosuh, Mapuna b. Katanuh
Yuusepsuter y HoBom Cany, IlosmonpuBpenHu ¢akynret, MHCTUTYT 3a HU3UJCKO
IIIyMapCTBO U KUBOTHY cpenuHy, AHToHa YexoBa 13, 21000 HoBu Canm, Cpbuja

Pesnume

Ha uHTEeH3MBHY NMpOM3BOMIGY KBATUTETHOT CAIHOT MaTepHjaja BHCOKOITPOIYK-
TUBHMX KJIOHCKMX COPTM TOIOJAa yThue 00e30el)eHOCT XpaH/bMBUM MarepujaMa y 3e-
mibuITy. OBO ce jaBba Kao MOCIeAMLA AYTOTONMILILET Kopullthewa 3emibuiiTa. Pas-
JIMYUTUM MeTomaMa hyopera M MpuxpambuBaiba MOCTHXKE Ce HaJOMellTame HeA0CTa-
jyhux xpanpuBux Marepuja. OcuM HaBeACHOT c€ Yy IPOM3BOIKM CaTHOT MaTepujayia
BUCOKOIIPOAYKTUBHUX KJIOHCKMX COPTM TOIIOJIa UCTPa)Kyje 1 MOIYNHOCT IpuMeHe Ou-
OJIOUIKMX CPEACTaBa y LWJbY MPOU3BOAE aJEKBATHOI CAJHOT MaTepujaia.

V pany cy mpukazaHu ed®eKTM MUKOPU3MpaHMX pe3HUIIa Iperapatuma Ectovit,
Rhodovit 1 kombunauujom Ectovit u Rhodovit (mpenmapatu Symbio-m Ltd., Yemika
Peny6nuka). MukopusupaHe cy pe3HUIE YETUPU BUCOKOIMPOAYKTHBHE KJIOHCKE COpTE
tononia Populus deltoides v jenHe copte Populus x euramericana.

Pesynratu uctpaxuBama ynyhyjy Ha UMHEHHUILY Ja CY MUKOPM3HMPaHE PE3HUIIE
MMajie UCTU WM OOJbM TIpUjeM KOJ CBUX MCTpPaKMBAaHMX KJIOHOBA y OJHOCY Ha KOH-
tposy. [IpumeHom npenapara Ectovit u Rhodovit je y mpoceky 10o0OujeH caaHuU MaTe-
pHjai TIpBe KJIace KON CBMX MCTpaKMBaHMX KJoHOBa. KoMmOuHaimjoM rpemnapara Ecto-
vit 1 Rhodovit y mpoceky je A00ujeH caaiHM MaTepujajl MpBe Kjiace caMo KOJ KJIOHa
Populus x euramericana.

74



30opHuk Matuie cpricke 3a npuponHe Hayke / Proc. Nat. Sci, Matica Srpska Novi Sad,
Ne 112, 75—82, 2007

UDC 635.34:632.9

Zlata D. Kloko&ar-Smit', Dusanka V. Indid,
Slavica M. Vukovicé', Maja M. Filipovid,
Janko F. Cervenski

I Faculty of Agriculture, Plant Protection Department,
21000 Novi Sad, Serbia
2 AIC Tami§, Pandevo, Serbia
3 Institute of Field and Vegetable Crops, 21000 Novi Sad, Serbia

PRELIMINARY INVESTIGATION ON THE EFFECTS OF
BIOLOGICAL AND SYNTHETIC INSECTICIDES ON LARGE
WHITE BUTTERFLY (PIERIS BRASSICAE L.) LARVAE

ABSTRACT: Control of cabbage pests is oriented towards the use of efficient but
high-risk insecticides, some of them being endocrine disruptors. Biopesticides are more en-
vironment-friendly, operator- and consumers-safe, but they have low initial toxicity, low ef-
ficacy to advanced larval stages, and they require certain knowledge of pest and host bio-
logy. In our laboratory experiments we have investigated the effects of formulated synthetic
pyrethroid cypermethrin (0.3 I/ha) and biological products — formulations based on Bacil-
lus thuringiensis subsp. kurstaki (2 and 3/ha) and Spinosad (0.1 1/ha) — on large white but-
terfly (Pieris brassicae L.) larvae-instars 2, 3, 4 and 5. The effect of insecticides was inver-
sely proportional to larval instars. Btk effect could be improved if tank-mixed with cyper-
methrin. The mixing of ready-made products allows a reduction 3 and 6 times compared
with the recommended dose, still obtaining satisfactory results. Rate of leaf damage was re-
duced when tank mixtures were used. Use of two products in mixture would be of signifi-
cance especially for control of advanced late instars late in season, when Btk action alone is
insufficient. Spinosad was effective in inducing mortality and reducing leaf damage by all
larval instars, therefore we assume that the dose could be reduced. Feeding rate and morta-
lity are equally important parameters when assessing biopesticide efficacy. This strategy
should also reduce the possibility of inducing resistance in pest population. It also tends to
reduce the residues in commodities and is good solution in production of hygienic and he-
alth safe food.

KEY WORDS: Pieris brassicae L., biopesticides, Bacillus thuringiensis subsp. kur-
staki, spinosad, cypermethrin, tank mix

INTRODUCTION
Cruciferae pests are a limiting factor in cabbage production. The monito-

ring of cabbage fields at Rimski Sangevi in 2005 showed high densities of lar-
ge white butterfly (Pieris brassicae L.) populations, low densities of small
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white butterfly (P. rapae L.) and diamond cabbage moth (Plutella xylostella
L.), while cotton bollworm (Helicoverpa armigera Hbn.) and Mamestra and
other noctuids were not registered. This situation was opposite to those registe-
red in 2003 and 2004.

Bioinsecticides are distinguished for their favorable ecotoxicological traits
and low initial toxicity. In organic insect management, formulations based on
Bacillus thuringiensis and spinosad are officially permitted in Europe and
USA (Anonymous, 2004 a; and 2004 b). Synthetic pyrethroids have high
initial toxicity, but are less attractive from ecological point. Some pyrethroids
have recently been suspected of being endocrine disruptors — ED.

The efficacy of biopesticides depends considerably on application timing.
Aim of this investigation were (1) to assess the effect of insecticides from
three different classes on mortality and leaf consumption rates of different ca-
terpillar instars; (2) to determine which parameter is more important — morta-
lity or leaf damage — when assessing the effectiveness of the three classes of
insecticides.

MATERIAL AND METHODS

. Pieris brassicae caterpillars were collected in a cabbage field at Rimski
Sancevi. Laboratory experiments were conducted separately for larval instars 2
to 5. D-Stop, a B. thuringiensis var. kurstaki (Btk) — based insecticide, was
applied at doses of 2 and 3 I/ha. Cipkord 20-EC, a cypermethrin formulation
representing pyrethroids, was applied at the dose of 0.3 I/ha. The biological in-
secticide Laser KS (spinosad), formulated as SC with 24% of a.i. (spinosyns
A and D), was used at the dose corresponding to 0.1 1/ha. Tank mixtures with
reduced quantity of both formulations — D-Stop + Cipkord 20-EC — were te-
sted at the rates 2+0.1, respectively, and 14+0.05 l/ha, respectively. Experi-
mental solutions were based on water consumption of 400 I/ha.

Because of a heavy waxy cuticle of cabbage leaves, Sillwet L-77, a sur-
factant containing organosilicone trisiloxane, was added to each insecticide at
the dose of 0.3 1/ha. Cabbage leaves were immersed in spray liquids and offe-
red to larvae. The experiment was set up in four replications. Different num-
bers of caterpillars (12, 20, 15 and 5) depending on the instar (2, 3, 4 and 5,
respectively) were used. During the experiment, temperature varied from 22 to
24°C, day/might light period was 16/8 h and relative air humidity was 80—
85%. The larval mortality was determined after 24 and 48h, and leaf consump-
tion after 48h.

RESULTS AND DISCUSSION

The results of mortality bioassay are presented in Figures 1 and 2, those
of feeding bioassay in Figure 3.

Understanding caterpillars’ field biology may provide some insight regar-
ding the use of active ingredients in a cost-effective manner. The speed at
which a particular active substance causes mortality through contact or inge-
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Fig. 3. — Pieris brassicae caterpillar cabbage leaf consumption [mm sq./caterpillar/48 h]

stion can be influenced by its mode of action and route of activity. The pri-
mary routes of activity differ among the products used in this study. Organo-
phosphate (OP), carbamate and pyrethroids are primarily effective against 2nd
larval instar due to numerous chemical and biological factors.

The mortality of caterpillars feeding on leaves treated with cypermethrin,
Btk. and their mixtures depended on larval instar. Mortality in the experi-
mental units with D-Stop exceeded 80% after 48h in contrast to cypermethrin,
which exceeded 90% already after 24 h for the larvae in instars 2" and 4®. In
5% instar, however, the mortality achieved with the two formulations hardly
exceeded 60%. Even the reduced field recommended dose of cypermethrin
is capable of providing satisfactory mortality when it was tank mixed with
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D-Stop. As cypermethrin is an increased risk insecticide, suspected of being an
ED, it is important that its dose in a mixture may be reduced without reducing
its efficacy. In mixture with Btk, it was possible to reduce cypermethrin dose 3
and 6 times (100% mortality in 2" instar and 80% mortality in 3" instar, re-
spectively). The effects on caterpillars in 4™ and 5" instars varied from 60 to
80% and from 40 to 80%, respectively. Therefore, repeated treatments will be
required for 4t" and 5™ instars for better control. Leaf damage (Figure 3) was
reduced in all experimental units after application of tank mixed products
(0—55.5 mm?/caterpillar) compared with the untreated leaves (12—3100 mm?/
caterpillar). When used alone, Sillwet L-77 reduced the leaf consumption of
instars 2, 3 and 5.

Opposite to the quick knock down effects of organophosphate and pyret-
hroids, Bt product first has to be ingested. This results in low initial toxicity.
Because Bt is UV light and heat sensitive some growers find spraying at night
will give the longest period of efficacy and best control and of cutworms
(Anonymous, 2001).

When using Bt, one cannot expect fast, 100% control and must accept a
certain level of crop damage. For enhancing the efficacy of Bt to lepidopterous
larvae of older instars, some authors suggest adding pyrethroids. In our field
experiments (Indi¢ et al., 2005) we proved that Btk. could be equally effec-
tive in larvae control as synthetic pyrethroids if used in two narrow-spaced ap-
plication. The efficacy of tank mixture of this biopesticide and cypermethrin at
reduced rate was lower, but still at the same significance level as when cyper-
methrin is used alone.

Products containing endotoxin Btk. should be used as alternative to che-
mical insecticides. This would reduce the danger of resistance appearance
(Roush and Tingey, 1994). In our country, resistance towards this type
of insecticides has not been registered. Their current use in agricultural pro-
duction is small; therefore, we do not expect the appearance of resistance un-
der field conditions soon. However, there are already numerous data in scienti-
fic literature on H. armigera sensitivity changes (Armes et al.,, 1994), as
well as Plutella xylotella resistance to Btk since 1990 (Anonymous, 1999;
Joia and Chawla, 1995).

Btk products are rather safe for operators and consumers. In our country,
the Brk post-harvest interval (PHI) for cabbage for pickling is restricted to 21
days (Miti¢, 2004). A similar period has been set in Croatia (Maceljski,
2002). In our country, the re-entry interval has not been determined. In Rus-
sia, PHI for cabbage is 5 days (Anonimus, 2004), in Hungary one day
(Ocsko, 2006). In spite of environmental compatibility, Btk bioinsecticides
are rarely used in cabbage production. Kandibin (cit. Glez et al., 2002)
explains the low use of biopesticides in general with scant information of
experts and agriculture producers about ecological advantages, poor marketing
strategy and low production volume — insufficient to meet the needs of cab-
bage growers.

Volovik and Glez (cit. Glez and Cerkagin, 2002) proved the
possibility of tank mixing the biological product Bt with synthetic pesticides.
They controlled a high-density population of Colorado potato beetle with tank
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mixtures of Bt and Fastac EC (alpha-cypermethrin) or Bt and esfenvalerate
(97% mortality). Pieris rapae was more efficiently controlled when Btk was
used tank mixed with lambda-cyhalothrin (Indi¢ et al., 2003). Biopesticide
use in tank mix is restricted, due to the sensitivity of living organisms compri-
sing Bt to active substances or solvent content in partner product. Btk is com-
patible with a number of insecticides, acaricides, fungicides and growth regu-
lators. Bt + pyrethrin are formulated as ready mix (Tomlin, 1997). Bt pro-
ducts should not be mixed with alkali products, captan, folpet, oils (Miti¢,
2004), or with copper-based products. Formulated product is not compatible
with azinfos-ethyl, captafol, demeton-S-methyl, dimethoat, dinocap, isoprocarb,
phenthoate, phosalon, propoxur, tetrachlorvinphos, alkali compounds (Bordeaux
mixture), or under certain conditions with foliar fertilizers (T o m 11 n, 2000).

At the dose used, Spinosad induced high mortality of all larval instars al-
ready after 24 hrs and it probably could be used at a lower rate for the control
of this pest. To enhance the efficacy on 5% instar, some authors suggest adding
pyrethroids to Spinosad for late-season control. Adding cypermethrin to biolo-
gical products is justified when older instars predominate in a treated popula-
tion.

Spinosad acts as a neurotoxicant and its route of activity is translaminar.
Some authors have estimated that it takes 1—2 days to achieve > 90% morta-
lity of small larvae (< 5 mm) and 2 days for large larvae (> 10 mm) (Pa-
lumbo, 1999). In our experiment, the initial toxicity and mortality achieved
were high probably due to the high rates used.

Spinosad’s mode of action is invariably toxic for P. brassicae at the rates
applied. Routes of activity involve both ingestion and contact activity (Ano -
nymous, 2004). Moving into and across the leaf tissue, toxin reservoirs are
formed on and within the treated foliage. This exposes the larvae to much gre-
ater amounts of the active ingredient and their chances for intoxication become
much higher. The rate of foliage consumption is greater for old, large larvae,
which potentially consume larger amounts of the active ingredient.

For effective control, the optimum timing of Spinosad treatment should
be directed primarily at the newly hatched larvae, although large larvae are ea-
sily controlled too. The 37 instar larvae consume large amounts of foliage
(Anonymous, 1999). Delay in control increases the rate of plant injury
proportionally. As far as enhancement of efficacy is concerned, some authors
have suggested adding pyrethroids to Spinosad for late-season control and to
Bt for midseason- and late-season control.

Wetting agents, spreaders and stickers are typically toxic to biocontrol
agents. In our experiments, there was no reduction in mortality or adverse ef-
fect on feeding on leaves as a consequence to D-Stop mixing with Sillwet
L-77 (0.3 l/ha). This commercially formulated trisiloxane affected 2" instar
larvae, inducing mortality after 24h and 48h (40—70%) and 3™ instar larvae
(65%).

Lepidoptera ability to develop resistance to organochlorine, organophos-
phate, carbamate and pyrethroid classes of insecticides is known (Wolfens -
barger cit. Gore & Adamczyk, 2004). Therefore, different strategies
are applied to postponing the appearance of resistance.
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To sustain product efficacy it is of importance for management of lepi-
dopterous larvae during the growing season to avoid an overuse of a single
product, rotate chemistries through the season, and not to apply than at the
rates below the labeled ones. This strategy will optimize the control of the le-
pidopterous larval complex and maximize the longevity of new formulations.

CONCLUSION

Leafy and cole vegetables are endangered by a number of harmful in-
sects. Due to frequent insecticide treatments, risk of residues is always present.
As raw vegetables are part of regular diet, it is recommended to use bioinsecti-
cides with low risk for consumers and operators.

The mortality induced by Btk is inversely proportional to larval instar.

Btk effect could be improved if tank mixed with cypermethrine.

Cypermethrin, potential endocrine disruptor, could be used at reduced ra-
tes if tank mixed with Btk and still produce satisfactory results.

Spinosad, effective on all instars could be used at rates below 0.1 I/ha,
which remains to be proved experimentally.

Feeding rate and mortality are equally important when assessing efficacy
of biopesticides.

Btk could resolve the problem of cabbage protection in integrated and or-
ganic production.

Organosilicone wetter Sillwett L-77 could be used on cabbage, as it did
not affect adversely the effect of biological products.
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MPEJMMWHAPHA VCITUTUBAA EQ®EKTA BUOJOLLIKUX U
CUHTETUYKUX MHCEKTULUJA HA JIAPBE BEJIMKOI KYITYCAPA
(PIERIS BRASSICAE L.)

3nata 1. Knokouap-IlImut!, dymanka B. Muhuh!, CnaBuua M. Bykosuh!,
Maja M. ®unmmunosuh?, Janko ®. YepBeHcku?
I TlossonpuBpenuu dakynrer, JlemapTMaH 3a 3allTUTY OWba,
21000 Hosu Can, Cpbuja
2 AUK Tamuw, ITaHueBo
3 Hay4Hu MHCTUTYT 3a patapcTBo M moBptapcTBo, 21000 HoBu Can, Cp6uja

Pesume

Cy30Mjame IITeTOYMHA KYIlyca OpPMjEeHTHMCAHO je Ha NpUMEHY e(UKACHUX aju
BUCOKO PU3WYHMX MHCEKTULIMIA Ol KOjUX Cy HEKM M €HAOKPUHM aucpynTopu. buore-
CTULIMAU CYy Mare€ OMAacHM 3a KMBOTHY CpellHy, Oe30eAHUjU 3a oreparepa U KOH3Y-
MEHTE, ajli HWXEe WHUIIMjAJIHE TOKCMYHOCTM M HUCKE €(DUKACHOCTUM Ha TYCEHUIIE Y
KaCHUM Yy3pacTMMa 1 3axTeBajy 3Hame O OMOJIOTUjM INTeTOUYMHE M JoMahuHa.

VY Hammm J1abopaTopujcKMM UCIIUTUBABUMA YIOPEAWIN CMO eheKaT CUHTETCKOT
nupetpouna unepmerpruna (0,3 1/ha) u 6uonomkux npenapara Ha 6a3u Bacillus thu-
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ringiensis subsp. kurstaki (Btk) (2 v 3 1/ha) n npenapara Ha 6a3u cnuHocazna (0,1 1/ha)
Ha TyCEeHUIIe BEeJUKOT Kyrycapa Pieris brassicae L.y 2, 3, 4. u 5. y3pacty. Edexar
npemnapara je 6o OOpHYTO MPOMNOPLIMOHAJAH y3pacTy ryceHulia. Edekar Btk mnpemna-
paTta MOoXxe OWUTH TTOOOJBITaH MeIlllarbeM C TperapaToM Ha 0a3u IUIepMeTprHa Y cMa-
FEHOj KOJIMYMHU 3 ¥ 6 IyTa y OJHOCY Ha IPENOpyYeHy, a Ia ce IMPHUTOM ITOCTUTHY
3amoBoJbaBajyhu pe3yatatu. Mellambe CUHTETCKOT THPETPOUIa W OMOJIOIIKOT Tpera-
para je HapoOuMTO Ba)KHO Y KACHUM y3pacHMM pa3BOjHUM (azama Kama je nejcTBo Btk
HEeIOBOJbHO. buonomkm mpenapar Ha 6a3y crMHIICana je 0o Bpio eduKacaH 3a jap-
Be CBMX y3pacTa, Te je MPeTNoCcTaBKa Ja C€ KOJIMYMHA MPUMEHE MOXE M CMarbUTH.
IMpumena MemaBuHe MHTEH3MBUPA 00ycTaBy McxpaHe. MHTEH3UTET UcxpaHe M MOpTa-
JINTET CY jeIHAKO BaKHU IapaMeTpu Y IMpoleHU edukaHocTu Ouonectuuuaa. OBakBa
MpyYMeHa Tpeba Ja CIpeuyd paHy I0jaBy PEe3UCTEHTHOCTH INTETOYMHA Y TOMyJIalldju,
Jla TOBeJe 0 CMatbetha pe3uilya y HaMUpHUIIAMa U J00pO je pellerhe y MPOU3BOIU
3paBCTBEHO Oe30e/1HEe XpaHe.
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ETIOPATHOGENETIC CONSIDERATION AND
DEFINISHON OF THE CLINICAL MANIFESTATION
OF EROSIVE DENTAL DEFECTS

ABSTRACT: Dental defects of errosive nature are defined as irreversible losses of
dental tissue, caused by long lasting and repeated action of acids that disolve top layer of
hydroxyapatite and fluorideapatites cristal structure, under assumption that agressive factor
is not of bacterial nature. Acids that cause changes on teeth according to their origin are
gastric, dietetic, or they are of environmental origin. Current way of life, as well as nutritio-
nal habits create potentially dangerous conditions for the hard dental tissue, for prevention
of mineralization process causes defects of oral system homeostasis. Defects occur on pri-
mary teeth, as well as on permanent teeth. However, this happens once and a half time mo-
re frequently on primary teeth due to the weaker primary maturation. In initial phases,
changes are localized in enamel and by their development the bottom locates in dentine.
Defects appear as smooth, shainy, round concavities on caries immune positions, or as cup-
ping of occlusal surfaces. The depth of an eroded lesion consists of the depth of the crater
plus the depth of tissue demineralisation at the base of the lesion. Early verification of the
etiological factor, together with good knowledge of the manifested shape change has in-
fluence to the prevention of the crown of tooth loss, complete occlusion, mastication and
speech.

KEY WORDS: dental erosions, diagnosis, etiology, pathogenesis

INTRODUCTION

Enamel, highly mineralized crystal structure, the densest and the hardest
biological tissue of the human organism after teeth eruption remains exposed
to the aggressive and biologically active environment of the oral ecosystem.
Enamel minerals have crystal structure, but hydroxyapatite is not stoichimetric;
it does not have fixed element proportion, for relation of calcium and phospha-
tes is always lower than the assumed one in theoretic formula. Along with cal-
cium, phosphorous, carbonate and fluoride enamel contains over forty other
elements. Presence of carbonate and magnesium impurities in hydroxyapatites
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petals increases its solubility in acid environment, while fluoride and strontium
make enamel more stable.

Enamel content is not a homogenous category. Changes are evident to-
ward referent surface, as well as toward observed depth. Enamel top layers
contain significantly higher fluoride concentration than those on enamel and
dental enamel junction, while remaining elements such as magnesium, carbo-
nates, water and organic compounds are in an inverse proportion. Cervical
enamel has significantly lower mineral density from one that is on occlusal
surface of a tooth, or on incisal edge (Sturdevant et al, 1995, Vulo-
vic et al., 2002). Mineralization level of primary teeth is connected to the pe-
riod of teeth eruption into oral cavity. During posteruptive maturation, the du-
ration of which is one to two years, into enamel top layers about 10% more
minerals are incorporated.

Enamel layer, tartar and saliva are specific and unique biosystem. In ca-
ses of neutral saliva pH values, there is equilibrium in mineral quantity that
goes into and out of the enamel. If pH values lower under 5.5, or more, calci-
fication is more intensive from decalcification, and whole activity is determi-
ned above all by saliva content, such as calcium, phosphates, fluoride, but also
by saliva buffer capacity, protein quantity and quantity of stimulated and unsti-
mulated saliva (L each, 1986).

By local fluoride application we can influence to enamel “solubility”. If
its concentration is higher than 100 ppm, changes are manifested to the depth
of 0.1—0.2 mm. Saliva free calcium react with fluoride ions, and calcium flu-
oride that deposits to unmineralised enamel is created on a teeth top layer.
Fluoride can be considered anticariogenic, but tooth wear factor as well.

PATHOGENESIS OF THE EROSIVE CHANGES

Inadequate function of saliva puffer system, as well as eventual existence
of xerostomia together with long lasting and frequently repeated incorpora-
tion or existence of different kinds of acids in oral microenvironment causes
lowering of saliva pH values and occurence of deficient balans between demi-
neralization and mineralization. Using interprismatic and intercrystal layers
hydrogen ions penetrate enamel and cause solution of hydroxyapatite that ca-
ses reduction of the crystal size itself (Vulovic¢ et al., 2002). Ultra structu-
ral studies suggest that erosive lesions are seen in prismatic enamel as charac-
teristic demineralization patterns where either the prism cores or interprismatic
areas dissolve, leading to a honeycomb structure. In aprismatic enamel the pat-
tern of dissolution is more irregular and areas with various degrees of mineral
loss are seen side by side. In dentine, the first area to be affected is peritubular
dentine. With lesion progression, the dentinal tubules become enlarged, but fi-
nally disruption is seen also in the intertubular area. According to current
knowledge, there are no differences in lesion shape, size or depth, depending
upon kind of acid that caused the defect occurence (Meurman, Ten Ca-
tel, 1996).
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The depth of an eroded lesion consists of the depth of the crater plus the
depth of tissue demineralization at the base of the lesion that is microradio-
graphic detectable (Amaechi, Higham, 2005).

Study of erosive changes occurence led to the conclusion that clinical ma-
nifestation of the erosive defect is not only result of erosive agents action, but
also consequence of the combined action of demineralization of the tooth
structure by erosive agents and abrasive action of the surrounding oral soft tis-
sue, as well as by action of abrasive food during mastication and by use of
abrasive foreign substances. Abrasive activity of the specified soft tissue struc-
tures determines defect location (Amaechi et al., 2003, Imfeld, 1994).

Lesion expansion is a cause of cumulative process caused by:

— Frequency and time period of exposure to acids;

— Maintaining of oral hygiene basic principles;

— Individual sensitivity.

Dental top layer exposed to the action of acids undergoes process of de-
mineralization making the enamel itself, as well as dentin more fragile to the
abrasive factors, especially if the exposure to the abrasive force is performed
directly after acid intake without previous leveling of pH values by salivary
buffer capacity. Need for shortening of the time period from the acid intake to
the moment of teeth brushing that lasts thirty minutes is imposed. Attrition of
incisal edges and abfractions on cement enamel junction can increase defect
caused by erosion, making by it diagnosis of the defect cause more difficult.

Dental erosions are also diagnosed in primary teeth. Attacked structures,
enamel and dentin are of significantly less thickness, weaker mineralization
(Wilson, Beyman, 1989), and enamel porous levels increase (Fejer-
skov et al, 1987) than in permanent teeth. Weaker mineralisation and big
pulp cavity cause fast “wearing out” of the dental tissue and formation of lar-
ger defects and earlier occurence of dental hypersensitivity, causing also ope-
ning of the pulp cavity accompanied by pulp development (Shaw, O’Sal-
livan, 2000). Fast development of the process causes complete loss of the
crown of a tooth and dental organ in whole, which can disturb bite, mastica-
tion and speech. Dental erosions in primary teeth can be predictors of the hig-
her risk of erosive dental defects in permanent teeth. /n vitro conditions they
exhibit once and a half time higher susceptibility to erosion than permanent
teeth.

ETIOLOGY AND CLASSIFICATION

Dental erosions are defined as irreversible loss of the hard dental tissue
caused by long lasting and repeated action of acids that dissolve top layer of
the hydroxyapatite and fluoroapatites crystal structure, even when aggressive
cause is not cased by bacteria (Pintborg, 1970, Eccles, 1974, Kidd et
al.,, 2003, Sutalo, Njemirovski, 1981). Occurence of the saliva low
pH value is cased by different kinds of acids, according to their chemical com-
position, chloral hydrogen acid, ascorbic acid, lemon acid: phosphorous acid,
milk acid, but also gastric juices, remedies with the vitamin C, fruit, and car-
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bonated beverages. Classification of dental erosions was performed according
to the origin of acids that can cause defect occurence to the following ones:
— Endogenous;
— Exogenous;
— Idiopathic.

Endogenous erosions — develop as a consequence of penetration of ga-
stric chlorine hydrogen acid into oral cavity in such a high quantity, often long
lasting, that saliva buffer system proved unsuccessful (Schentzel, 1996).
Sometimes gastric acid has pH serial value that starts from one, reaches oral
cavity through gastroesophageal reflux or by chronic vomiting (Figure 1).

Fig. 1. — Endogenous erosions

The gastroesophageal reflux can occur in the aspect of a disease or it can
be provoked. It occurs as a disease in a case of increased abdominal pressure,
in a case of inadequate relaxation of lower esophageal sphincter, or in cases of
increased production of gastric juices. Exaggerated consuming of a chocolate,
coffee, peppermint, spices, as well as fat food causes provoked regurgitation
that, when frequently repeated, can be a cause of such dental defects.

Chronicle vomiting in cases of nutritional disorders, such as anorexia, bu-
limia neurosis, rumination, chemotherapy, alcoholism, and even gravity, peptic
ulcers, as well as gastritis place chlorine hydrogen acid into oral cavity and
enable its negative action to the surrounding tissue structures, i. e. negative ef-
fect of life habits and style is exhibited. Erosions emerged as a consequence of
xerostomia make special category. According to the origin of the acids them-
selves, they could be classified into mixed changes, for the presence of endo-
genous acid, as well as many exogenous acids introduced with food often
coexist. At the same time there exist reduced quantity of saliva and all its ele-
ments that make buffer capacity. Some medical diseases and conditions cause
occurence of xerostomia:

— Endocrine diseases — diabetes, hyperthyroidism;

— Autoimmune diseases — HIV infections, Systemic lupus, Rheumatic
arthritis, Sjogren’s syndrome;

86



— Medicine intake — vitamin C, antipsychotics, antidepressants, appeti-
te suppressants, diuretics, sedatives, hypnotics, antihistamines, and antihyper-
tensives (Amaechi et al.,, 2005, Maron, 1996, Hays et al., 1992).

Exogenous erosions — develop under the action of acids that reach oral
cavity from environment by dietetic pathway, or in certain environments as air
pollutants (Zero, 1996). Dietetic acid source can be food such as: fruit (le-
mon, apple, plum), tomato, mustard, ketchup, carbonated soft drinks (Coca
Cola, carbonated water), squeezed juices (orange, grape, kiwi), alcohol drinks
(vine, bear). Several studies have proved that consummation frequency is of
the identical importance as the acid level (Millward et al., 1994), as well
as the method of intake for it is better to take drinks by straw, than to drink
directly from glass, and the drink should be kept in mouth as shortly as possi-
ble. Time period of teeth brushing is also important, for after food intake teeth
brushing should be postponed to thirty minutes from the last intake of acid
drink in order to allow buffer capacity of saliva to increase pH value and redu-
ce abrasive action of toothpaste and a brush. This all has significant role in de-
termination of defect size (Gangara et al., 1999).

Consummation of cocaine and ecstasy is related to intake of greater
quantity of acid drinks due to the occurence of dehydration and hyposalivation
that cause erosive dental changes (Duxbury, 1993).

Dental erosions can also be classified into category of professional disea-
ses. Persons who test vine or carbonated beverages on regular basis, as well
as professional swimmers can detect this type of the defect on their teeth.
(Mandel, 2005). Evaporation of industrial acids from battery plants, sani-
tary cleaning solutions, crystal glass are also dental erosion causers (Milo -
Sevid, 1998).

Idiopathic erosions — are erosive changes whose existence can not be
explained by any of the currently known causer (Sutalo, Njemirovski,
1981).

Current way of life and nutritional habits create conditions that are dan-
gerous for hard dental tissue, for they prevent mechanism of enamel minerali-
zation and in this way disturb homeostasis of the oral system (Smith, Robb,
1996). This is especially expressed in childhood. Therefore, due to inadequa-
tely large quantity of juices, carbonated beverages and fruit, this kind of di-
sease is considered typical for the standard of living. In age of adulthood it re-
presents part of the clinical picture of psychosomatic diseases and the cause of
certain therapy procedures. In sporadic cases it can also be considered as a
professional disease.

According to the clinical picture changes on dental top layers are classi-
fied to:

— Superfficial and profound

— Localized and generalized (Zero 1996, Imfeld, 1996);

— Manifested and latent;

— Eccles’s and Jenkin’s scale for erosive changes in cavity depth 0—3,

And according to the attacked surface they can be localized to:
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— Palatal and occlusal surface of the upper jaw teeth;
— Buccal and occlusal surface of the lower jaw teeth.

CLINICAL PICTURE

Due to the lack of any method or procedure that could be used for early
detection and quantification of the change, diagnostic of dental erosions is pro-
blematic. In early stadium, by erosion changed surface is smooth, shine,
without macroscopic defects (Amaechi, Higham, 2005), but it can be
dim, without expressed colored lines, or clear frontiers toward unchanged part
of the dental tissue.

If the defect is localized at inicisal edge, the incisial groove at the dentin
is formed (Figure 2). However, if endogenous source is an acid, defect occurs
at palatinal surface of the incisors, that becomes smooth, shine and hard. Ve-
stibular diameter is also reduced making inicisal edge thinner and transparent
and gingival region existence of an enamel collar (Figure 3).

Fig. 3. — Endogenous erosion-enamel collar

At vestibular surface changes are manifested as broad concavities (Figure
4), and at occlusal surface as cup-like recesses (Figure 5). Amalgam fillings
on such teeth appear as grown out, i. e. they occur above dental structure (Fi-
gure 6).
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Fig. 6. — Raised amalgam restorations

Difficulties in diagnostics of erosive changes increase significantly at pri-
mary teeth (Shaw, O’Sullivan, 2000). Enamel and dentin are thinner,
less mineralized and porous, and acids aggressive activity appears even more,
i. e. primary teeth are more susceptible to erosive changes. Initial phases are
hard to detect. These changes on childrens’ teeth are most frequently localized
at occlusal surfaces of molars and inicisal surfaces that result in morphology
loss (Figure 7), occurence of the dentine hypersensivity, as well as complete
loss of the crown of the teeth, the pulpites, and premature extraction of the
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primary teeth with all resulted consequences. Dental defects at primary teeth
must always be observed from cumulative multi factor aspect. Attrition of
incisal edges in primary dentition is frequent during exfoliation and it is than
very hard to estimate cause of the change.

Fig. 7. — Loss of surface characteristics

Diagnostics of dental erosions requires serious, objective examination,
analysis and evaluation. Well made questionnaire with precisely defined que-
stions in regard to etiology is necessary. Saliva analysis related to determina-
tion of stimulated and unstimulated saliva quantities, extent of calcium and
phosphates, buffer capacity, urea quantity is also of the highest importance.

After established diagnosis, progradation dynamic is necessary to be mo-
nitored. For that purpose silica index, dental erosion index and study models
according to Wickens and taking a photograph are used (Gandara et al.,
1999).

PREVALENCE

At the beginning of the 19th century, the first data on existence of this
disease were registered (Mahoney, Kilpatric, 2003). It occurs in each
life time, and it is distributed evenly between sexes. In child age it is conside-
red a disease of living standard (Bardslay et al.,, 2004), for it is a conse-
quence of intake of great quantities of carbonated beverages, as well as juices
and fruits.

Changes are more frequently located at upper jaw tooth, then lower one.
The most common changes are on incisives, that are followed by changes on
caninus and molar teeth. In lower jaw, defects are predominantly located on
caninus and molars.

Regurgitation erosions appear at palatal surface of the upper front teeth,
as well as at occlusal and buccal surface of lower lateral teeth. Dental erosions
localized at vestibular surface of front teeth with hole-like defects are determi-
ned as professional diseases.

90



DIFFERENTIAL DIAGNOSIS

Erosions as causers of the health tooth tissue loss are a part of a detailed
picture of dental defects to which attrition, abrasion and abfraction also be-
long.

Attrition — causes defects of dental tissue as well as of the established
filling, and it is caused by teeth contact during mastification or parafunction.
Occlusal surface are smooth, shiny, flat and hard, and at amalgam filling are
observed shiny mark. Bottom of the defect can be located in enamel, as well
as in dentin.

Abrasion — is caused by direct contact of teeth and foreign substance
such as whitening toothpaste, antinicotin paste, sodiumbicarbonate. Changes
localized in cervical region are always wider than deeper, and they are most
frequently found on premolars and molars.

Abfraction — is characterized by dental tissue loss in cervical region ca-
used by compression and pulling force that occurs during dental flexure. Chan-
ges are localized vestibular and they are wedge-shaped (Gandara et al.,
1999).

Based upon all stated, it can be concluded that dental erosions represent
problem of human population. Many aspects require further research and more
precise defining. This is especially important in relation to early diagnostics
and quantification of changes for further longitudinal monitoring. Further stu-
dies are to be started by epidemiological studies for the purpose of more
adequat prevalence, seriousness and spread of changes in different populations.
Widening of knowledge from the aspect of pathophysiology is necessary, as
well as detection of protective factors, preventive techniques and hemioterape-
uticals. It is essential to develop preventive strategy, that should be followed
by procedures for limitation of further damages. Protection of the remaining
tissue with adequate reconstruction by contemporary dental materials is also of
the highest importance. We are expected to fullfil a huge task.
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ETHUOITATOTEHETCKO PABMATPAIGE N JEOPUMHUCAE KINMHUYKE
MAHUDECTAUMIE 3YBHUX NED®EKATA EPO3MBHE ITPUPOJE

HWBana M. Crojmun, Hymka JI. brarojeBuh
Menununcku (akynrer, KnuHuka 3a cromarosorujy BojBoauhe,
VYuuepsuretr y HoBom Cany, Xajoyk Bemskosa 12, 21000 Hosu Can, CpOuja

Pesnme

3yOHU aedeKTH epo3uBHE MpUpoAe AeUHUIILY Ce Ka0o MPEBep3UOMIHM TyOMLIU
3yOHMX TKMBa, W3a3BaHU IyrOTPajHUM U TMOHABJbAHUM [EjCTBOM KHCEJIMHA KOje pac-
TBapajy MOBPIIMHCKKU CJI0j KpUCTaJHE CTPYKTYpe XMIpPOKCHAIaThuTa W (hIyopoamaTuTa
a Jla arpecMBHa HOKca IO CBOM IOpeKIy HMje Oaktepujcke mpupone. KucennHe koje
M3a3MBajy TPOMEHe Ha 3yOMMa I10 CBOM IOPEKIY Cy TacTpUUYHEe, AUjeTETCKEe MW TTOTH-
4y U3 KUBOTHE cpeauHe. [JJaHallby CTUJ )KUBOTA KA0 U HYTPUIIMOHE HaBUKE Kpeupa-
jy cTama Koja Ccy IOTeHLIMjaJIHO OIacHa 3a TBPAO 3yOHO TKMBO jep C€ CIIpedyaBarbeM
MeXaHM3Ma peMUuHepaIn3alije peMeTH XoMeocTa3a opajHor cuctema. Jledektu ce ja-
BJbajy KAKO Y MJICUHOM TaKO U y CTAJTHOM 3yOJby aJIM jellaH W 1O TYT BUILE Y MJICUHOM
300r ciabuje mpuMmapHe maTtypainuje. [IpoMeHe ¢y y MHULIMjATHUM CTaaujyMyMa JIOKa-
JM30BaHe y rehu ma 6u ce TporpeanpareM JTHO JOIMpano y AeHTUH. Jledektn cy y
BUIY TJATKUX, CjajHUX KOHKABUTETa OBAJHOI OOJMKA, Ha KapujeC MMyHUM MecTuMma,
WIN Y BUAY II0J/baCTUX YAyOJbethba Ha OKJIy3aJHUM IoBpinmHaMa. [IyOouHa medexra Ha-
cTajla JGHTAJIHOM epo3ujoM oapeheHa je nyOMHOM KpaTepa KOjoj je domarta ayOuMHa
TKMBHE JeMUHepaiusauuje. PaHa Bepudukaiimja eTuoaomkor ¢pakropa y3 BajbaHO T0-
3HaBalkbe MaHU(MECTHOr O0JMKa MPOMEHEe yTUYe Ha CIipeyaBarhe I'yOMTKa KOMILIETHE
KpyHHIIe 3y0a mTO OM moBeso mo pemeherba 3arpmusaja, MacTUKallMje M TOBOpa.
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THE INFLUENCE OF DIFFERENT LEVELS OF
DIETARY SELENIUM ON ITS DISTRIBUTION
IN THE ORGANS OF BROILER CHICKENS

ABSTRACT: The content of selenium in basic broiler diets was 50 = 10, 100 = 10,
150 = 10 and 250 + 10 pgkg-!. At day 14, 28 and 42 tissue samples were collected. Dyna-
mics and selenium deposits in blood, liver, muscle and heart were estimated in relation to
the level of dietary selenium and age of broilers. When broilers were fed with diet contai-
ning 250 pgkg-! Se, at day 42 the highest concentration of Se was in liver (570.8 + 44.1
pgkg1), blood (430.3 + 46.5 pgl-1) and heart (237.5 = 42.8 pgkg1). At day 14, increase of
dietary selenium content from 50 pgkg-! to 250 pgkg-! was followed by decrease of seleni-
um deposits in heart: when broilers were fed with basic diet containing 50 pgkg-! Se mea-
sured content of Se in heart muscle was 49.8 + 15.6 ugkg! (99.6%) while in broilers fed
with basic diet containing 250 pgkg-! Se measured content of Se in heart was 147.2 + 334
pgkg! (58.9%), respectively. The point of saturation as well as maximal concentration of
selenium in liver was reached in period between fourth (556.7 + 40.6 pgkg-!) and sixth
(570.8 + 44.1 pgkg1) week of age. Also, feeding with basic diet containing 250 pgkg-1 Se
the selenium blood level reached 162.8 + 28.9 ugl-! already at day 14 that represent 65.1%
of dietary selenium.

KEY WORDS: broilers, blood, heart muscle, liver, meat, selenium

INTRODUCTION

Selenium is one of the most significant essential microelement. It is pre-
sent in all living systems and because of its high significance for the health of
people and animals interest for selenium is recently rising. Many of the pre-
sent knowledge is pointing out the significance of selenium such as: micro le-
vels of selenium: in many tissues and organs which have high functional acti-
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vity; selenium is showing simulative effect on development and growth, influ-
ences on reproductive ability and is a part of ante oxidative system (burst) of
the organs of animals and people. Selenium also inhibits harmful effects of
toxic elements (As, Cd, Hg, Pb).

Selenium is a cofactor in some enzyme’s systems from which two are
the most extensively studied: glutathione, where selenium is cofactor of gluta-
thione peroxides acting as a antioxidant and destroying peroxide radicals
which have harmful effect on cell membrane; and in the system of ioditreonin
5’-deiodinase which translates thyroxin in triiodtireonin and iodine is released
(Jacques, 2001).

Research has shown that on the crops there are much more areas where
ground does not contain enough selenium then there are the cases that it could
be present at the toxic level Mayland and James, 1989). Results of me-
asurements of the level of selenium in the ground from the different localities
in Serbia (Maksimovic et al.,, 1992) show that the level of whole or in
water soluble selenium in the samples that were investigated is extremely low.
This has led to the conclusion that the home substrate on which the crops are
established is very poor in selenium. Results provided when selenium content
was measured in different regions in Serbia (Mihailovi¢ et al., 1996) also
show that plants in Serbia are poor in selenium.

Feed of plant origin and animal feed stuff in which there is low level of
selenium are not suitable for successful agricultural production. Indirectly,
over food chain, selenium reaches men so if there is insufficient supply of se-
lenium that will reflects on plants or animals and also on humans.

Taking in to consideration the importance of selenium in the metabolism
of animals and it its insufficiency as an important factor of risk in the majority
of human population it is indispensable that appropriate intake of the optimal
level of selenium for animals and humans is provided. To realize this goal the-
re is a need of giving selenium in order to achieve appropriate concentration in
the granule and vegetative mass of plants because amount of selenium in food
from plant or animal origin depends of the concentration of the selenium in
the crop of certain quality (Gissel et al., 1984).

Although laboratory investigations have been done the role of selenium in
the biochemical process is still not understood well. Also, needs of certain do-
mestic animals for selenium is not defined clearly and there is no general agre-
ement about this issue. Adding adequate level of selenium in the animal feed
will lead to the better production results, and over “functional” food of animal
origin, mostly meet or eggs there will be possible to enhance ingestion of sele-
nium in humans. This will prevent various diseases among which carcinogen
or cardiovascular diseases are the most significant (W hanger, 2003).

When it was discovered that selenium is integral part of the enzyme glu-
tathione peroxides Rotruck et al. (1973) proved its role in cell antioxi-
dative metabolism. Assumption was that selenium is an integral part of the
30—50 proteins in the organism (selenoprotein) (Koerhle et al., 2000) that
have a role in the function of triode hormones, immune system, in forming
and viability of the sperm and the function of the prostate gland. As a con-
sequence of the deficiency of selenium, in animals, there is a low immuno-
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competence, high embryonic rate, lower fertility, and high rate of mortality in
chickens in the first days of life (Surai, 2002).

Intensive growth of animals is often connected with various stresses. The
major cause of the stress in animals could be divided in three major catego-
ries: nutritive stress (high amount of unsaturated acids, deficiency in vitamin
E, selenium zinc or manganese, higher amount of irons, hypervitaminosis A or
presence of various toxic elements); ambient (higher temperature or humidity,
hyperoxia or irradiation) inside stress causes (bacteria and viral infections and
allergic reaction-activity of macrophages). Laying eggs is stress for hens. Pro-
longed keeping in the hatchery cabinet, transportation from the hatchery to the
farm and vaccination all presents stress and causes free radicals to evolve
(Surai, 200).

Our goal was to investigate the influence of selenium the feed and its
mass in tissue (whole blood, meat) and organs (liver and hurt) in broiler chi-
ckens.

MATERIAL AND METHODS
Experimental animals

Our experiments were performed in vivo on chickens of heavy hybrid Ar-
bor Acres, which were treated from first to forty-two days of life. Feeding and
water were given ad libitum. At the time when the experiments were starting
chickens appear healthy and vital and they were raised according to the
requirements for the hybrid.

Preparation of the feed for the chickens

In order to create low selenium intake through feed we tested the level of
selenium in the plant feed from different regions (this included testing of corn,
soybean meal and sunflower meal), Mihaljev et al., 2003). During the
mixing process we used only plant feed for which we discovered that selenium
concentration was very low (5—10 ug Se/kg). As a source of selenium the
specific amount of sodium selenite (Na,SeO,) was added. This way we achie-
ved that feed mixture for the chickens have exactly the planed level of seleni-
um, such as: < 10, 50 £ 10, 100 + 10, 150 £ 10, 250 + 10, ug Se/kg.

Experiment design

Five groups of chickens were formed in total. Each group consisted of 60
one-day old chickens of both sex (300 chickens). First group was fed with
feed without additional selenium, second group was fed with the feed that was
supplemented with 50 pug Se kg-!, third group was fed with the feed containing
100 pg Se kg!, fourth group received feed with 150 pg Se kg! and fifth gro-
up was fed (given) with the feed containing 250 pg Se kg-!. After day 14, 28,
and 42, chickens were measured and blood samples were taken.
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Preparing of samples and measurement of selenium content

Samples were prepared for the measurement by the method of wet dige-
stion with automatic regulation of the temperature in the aluminum thermo
block AC 300. The destruction of the collected samples of blood, meat and li-
ver was done with HNO, and H,0, at the temperature of 20°C per hour. Since
only Se (IV) ion forms hydrides, reduction of Se (VI) was done with 8M HCI
at t = 120°C (Stoeppler, 1997 and Amparo, 1998). Hydrogen selenide
is generated with sodium tetrahydroborate (0.6% in 0.5% NaOH) in the system
VGA-76, and concentration of selenite is measured on atomic absorption spec-
trophotometer VARIAN SpectrAA-10. The conditions for the measurement
were as follows (Lucinda Beach, 1992):

Hollow cathode lamp Slit = 1.0 nm Acetylene = 3.5 flow units/min
L =196.0 nm Delay time = 60 sec Air = 1.0 flow units/min
Lamp current = 10 mA Measurement time = 2.0 sec Inert gas = Nitrogen

Replicates = 3

Statistical analysis

For liver samples (n = 12), whole blood (n = 12), meat (n = 12), and he-
art muscles (n = 12) the results are given as a mean value + standard devia-
tion. The statistical significance between experimental groups was done by
analysis of variance and by Student ¢ test.

RESULTS

Results given in Table 1 lead to the conclusion that among granular feed
the highest level of selenium in native sample was for soybean (42.7 ug/kg).
The medium level of selenium in corn was 26.6 ug/Kg. In protein feed the
averaged measured level of selenium in native samples of soybean meal was
92.7 pg/kg, and in sunflower meal 77.2 pg/kg.

Tab. 1. — Content of selenium in feed of plant origin
No. Type of feed Se [ng kg1] Range [pg kg1]
1. Corn (northern part — Vojvodina) 36‘3:95 4 25.5—40.5
2. Corn (central part) 25;13:73'8 20.8—31.1
3. Corn (southern part) 18'nl :63.7 12.5—22.2
4. Soybean 427 = 83 30.3—50.1
5. Soybean meal e 75.8—122.4
6. Sunflower meal 772l 61.1—102.5

The values represent the mean + SD
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Time of feeding (days)

Content of selenium (ug/kg)

Content of selenium [pg kg-1]

Dietary Se [ug/kg] Time of feeding
14 day 28 day 42 day
Bazal (< 10) 9.0 =28 143 + 34 13.1 + 4.6
Bazal + 50 37.5 £ 169 85.9 + 35.6 183.3 = 22.7
Bazal + 100 67.8 £ 13.9 228.6 + 42.1 297.6 + 29.6
Bazal + 150 97.5 = 24.1 388.5 + 30.7 409.9 + 36.5
Bazal + 250 187.9 + 30.6 556.7 = 40.6 570.8 + 44.1

The values represent the mean + SD

Fig. 1. — Measured amount of selenium in native samples of liver
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Time of feeding (days)

Content of selenium [pg kg-1]

Dietary Se [ug/kg] Time of feeding
14 day 28 day 42 day
Bazal (< 10) 85+ 26 153 + 4.0 15.8 + 4.5
Bazal + 50 38.5 = 10.7 922 + 18.0 117.0 = 20.7
Bazal + 100 649 + 228 1459 = 30.5 181.9 + 294
Bazal + 150 81.9 + 28.7 182.0 = 31.5 224.8 + 30.0
Bazal + 250 162.8 = 28.9 385.1 £ 39.5 430.3 + 46.5

The values represent the mean + SD

Fig. 2. — Measured amount of selenium in the whole blood
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Content of selenium (pg/kg)

600
500
400
300
200
100

—e— Liver

—m— Meat

—a— Heart

—o—Blood

14 28 42

Time of feeding (days)

Content of selenium [ug kg-1]

Organs Time of feeding

14 day 28 day 42 day
Liver 187.9 = 30.6 556.7 = 40.6 570.8 + 44.1
Meat 1054 = 27.4 118.4 = 35.8 160.0 = 35.8
Heart 1472 + 334 164.0 = 30.1 237.5 + 42.8
Blood 162.8 = 28.9 385.1 £ 39.5 430.3 + 46.5

The values represent the mean + SD

Fig. 3. — Selenium deposition in organs and tissue of broilers fed with the feed

with basal level of selenium + 250 pg Se/kg
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Dietary Se [ug/kg] Time of feeding
14 day 28 day 42 day
Bazal (< 10) 92 £26 9.3 + 3.1 9.7 + 3.0
Bazal + 50 49.8 £ 15.6 62.7 £ 17.6 99.4 + 204
Bazal + 100 84.1 + 19.2 1322 + 27.9 178.5 + 32.9
Bazal + 150 101.9 + 24.1 152.3 + 28.9 196.9 + 28.9
Bazal + 250 147.2 = 334 164.0 + 30.1 237.5 + 42.8

The values represent the mean + SD

Fig. 4. — Selenium level in native samples of heart muscle

DISCUSSION

Inorganic selenium (sodium selenite) is still the most frequently added
form of selenium into animal diets. After resorption in gut, sodium selenite
gets in the liver where is transformed into biologically usable form of selenide
(Se?). In the presence of cystein, selenocystein is built through specific ca-
talysed reactions. However the above mentioned mechanism becomes saturated
when Se reached level of 300 mgkg' Se in liver (Pehrson, 1993). Our
experimental results lead to similar conclusion (Fig. 1). In broilers fed with di-
et containing 250 pgkg-' Se, at day 28 concentration of selenium in liver was
556.7 + 40.6 pgkg!' and at day 42 only 570.8 + 44.1 ngkg!, respectively. Sin-
ce there was no significant difference between these two values, it can be con-
cluded that the point of saturation as well as maximal concentration of seleni-
um in the liver reached the maximum levels in a period between fourth and
sixth week.
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The mechanism of biotransformation inorganic to organic form decelera-
tes in time. Also, production of selenium deposits in different tissues is limi-
ted. A certain quantity of inorganic selenium that was not used in selenopro-
tein synthesis in liver is excreted in urine. In short time selenium is being in-
corporated in liver, the site of selenoprotein P synthesis, subsequently increa-
sing the level of selenium in blood plasma that is good indicator of supply
with this mineral (Zust et al., 1998). The effect is particularly prominent
with content of dietary selenium of 250 ngkg™!' (Fig. 2). According to our
experimental results, already at day 14 the blood level of selenium reached
162.8 + 28.9 pgl-! that represents 65.1% of dietary selenium.

The affinity for selenium as well as duration of its deposits varies among
tissues. For example, feeding with diet containing 250 ugkg' Se at day 42 the
highest concentration of selenium of 570.8 + 44.1 ugkg™' measured in liver
(Fig. 3), than 430.3 £+ 46.5 ugkg!' in whole blood, 237.5 + 42.8 pgkg! in heart
muscle. The lowest concentration of selenium of 160.0 £ 35.8 pgkg! was me-
asured in meat. Tissue deposits of selenium in such order in chickens coincide
with findings of Echevarria (1988).

Certain tissues bind less selenium with increase of dietary selenium con-
tent. Our results (Fig. 4) show that at day 14 after the increase of dietary sele-
nium from 50 pgkg! to 250 pugkg' concentration of selenium in heart muscle
subsequently decreased: when broilers were fed with basic diet containing
50 pgkg!, 100 pgkg!, 150 pgkg! and 250 pgkg-' Se measured content of Se
in heart muscle was 49.8 £ 15.6 pgkg' (99,6%), 84.1 + 19.2 ugkg! (84,1%),
101.9 £+ 24.1 pgkg! (67,9%) and 147.2 + 33.4 pgkg' (58,9%), respectively.

Knowledge of speed of forming and quantity of deposits of selenium in
meat is important for production of so-called “functional food”. There is con-
stantly increase of number of food products with improved nutritive value by
adding selenium, like food and drink for sportsmen and children, eggs, meat
and milk. Studies suggest that deposits of inorganic selenium in meat are sig-
nificantly lower than in other tissues and organs (Beale et al., 1990). In our
investigation similar results were obtained. The level of selenium in meat was
significantly lower than in other evaluated tissues and organs (Fig. 3). We also
observed that considerably higher deposits of selenium were determined at day
42 when diet with 250 pgkg! Se was used.

The amount of selenium deposits in tissue and organs is in relation to
quantity and form of selenium, age and animal species. Increase of intake of
selenium increases its concentration in tissue nag organs, but in nonlinear re-
gression line. After assessing a certain determined level of dietary selenium,
concentration of selenium in tissue reaches and remains at maximum and is no
longer dependent on concentration of dietary selenium.
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YTHULAJ PASIMYUTUX HUBOA JUIETAPHOI' CEJIEHA HA HETOBY
ANCTPUBYLINI]Y V OPTAHU3MY BPOJJIEPA

Kemko A. Muxamen!, [Iyman b. Opauh!, IyopaBka W. IllTajHep?,
Mwmua M. JKuskos-banomr!, Casa T. IlaBkos?
I Hayynu MHCTUTYT 3a BeTtepuHapcTBo ,,HoBu Can”,
Pymenauku nyt 20, 21000 HoBu Can, Cpbuja
2 MMowonpuBpenuu ¢akynrer, Tpr Jlocuteja O6pamsouha 8,
21000 Hosu Can, Cpbuja
3 IHCTUTYT 3a MPUMEHY HayKe y IOJbOIIPUBPENH,
Hecnora Credana 686, 11000 beorpan, Cp6uja

Pesnme

ITotmyHe cmemie 3a mMcxpaHy Opojirepa cagp:kasaie cy 50 £ 10, 100 + 10, 150 +
10 u 250 + 10 pg Se kg—!. Y3opuu cy ysumanu 14-or, 28-or u 42-or naHa orjuena.
[Ipahene cy nuHaMWKa U KOJIWYMHA HAKyIbakha CeJIeHA Y KPBU, jeTPU, MECy U cpya-
HOM Mmuluhy, Yy 3aBUCHOCTM OJ HUBOA JMjeTapHOT cejieHa M BpeMeHa HeroBOT YHO-
mewa y opranusam. I[locie 42 nana Tosa cmerioM ca 250 pg Se/kg Hajehu canmpikaj
ceneHa usmepeH je y jerpu (570.8 + 44.1 pg/kg), 3atum y nyHoj kpsu (430.3 + 46.5
ug/l) u cpuanom mumuhy (237.5 + 42.8 pg/kg). Hajumxku caapxkaj cejieHa U3MEpEH je
y mecy (160.0 + 35.5 ng/kg). Mosehamwe caapikaja aujerapHor cejieHa y xpaHu of 50
1o 250 ug Se/kg, mocne 14. naHa ToBa npaheHo je cMambeHheM KOJIMYMHE JeMOHOBAHOT
cejieHa y cpyaHoM muiuuhy: 3a cmemy ca 50 pg Se/kg konuuuMHa cesieHa y cpyaHOM
mumurhy uzHocuna je 49,8 + 15.6 pg/kg (99,6%), a 3a cmemy ca 250 pg Se/kg usme-
peHa KOJIMYMHA CejieHa y cpyaHoM muiuhy n3Hocwia je 147,2 + 33.4 pg/kg (58,9%).
Usmely gerBpre (556.7 + 40.6 ng Se/kg) u mecre Hemebe (570.8 + 44.1 pg Se/kg)
orjie/ia IouLIo je 1o 3acuhera M MOCTUTHYT je IUIaTO KOHIEHTpAlUje CejieHa y jeTpu.
Takolhe ce Moxe 3akJbyuuTu Ja ca xpaHoM of 250 ug Se/kg, Beh mocie 14 naHa, HUBO
ceJieHa y TIYHO] KPBU JOCTIDKE BpemHocT of 162,8 + 28.9 ug/l, mro mpencrasma 65,1%
Ol KOJIMYMHE AMjeTapHOr ceJieHa.

105






30opHuk Matuie cpricke 3a npuponHe Hayke / Proc. Nat. Sci, Matica Srpska Novi Sad,
Ne 112, 107—113, 2007

UDC 597.551.2:639.3.043(497.11)

Goran S. Markovid, Viadica M. Simic,
Aleksandar M. Ostojic*>, SneZana B. Simic

I Faculty of Agronomy Cavéak, University of Kragujevac,
Cara Dusana 34, 32000 Cacak, Serbia

2 Faculty of Sciences Kragujevac, University of Kragujevac,
R. Domanovica 16, 34000 Kragujevac, Serbia
e-mail: goranmsv@tfc.kg.ac.yu

SEASONAL VARIATION IN NUTRITION OF CHUB
(LEUCISCUS CEPHALUS L., CYPRINIDAE, OSTEICHTHYES)
IN ONE RESERVOIR OF WEST SERBIA

ABSTRACT: Leuciscus cephalus L. is abundantly present fish species in the Balkan
freshwaters, which indicates a good adaptation to the environmental conditions existing in
the most of reservoirs. The fish species is abundant in the Meduvr§je reservoir situated on
the Zapadna Morava river (West Serbia, the Danube basin) as the only predator found here.
In the period from 1996 to 2002, the intestinal content of 88 individuals of different age
was analyzed. The zoophytophage character of diet was found to be largely shared with
plant components all the year round. The differences in the trophic spectrum over the vario-
us seasons existed between the individuals of different age with high individual variations
being found, too.

KEY WORDS: Leuciscus cephalus, the Meduvr§je reservoir, nutrition, seasonal va-
riation

INTRODUCTION

The Meduvr§je reservoir is one of the oldest reservoirs in Serbia. It was
erected in 1953 by the construction of a dam across the Zapadna Morava river
(the Danube basin) 31 m high and 182 km long in the downstream river cour-
se (Fig. 1). In 1955, hydroelectric plant Meduvrsje of the power 6.9 MW was
built. The reservoir is 9,312 km long, 1.5 km? large, 292 m at widest point,
and 12 m at deepest point immediately under the dam. Originally, the reservo-
ir had a volume of 154 x 106 m?. However, more than 70% of the original
volume has been drifted. Its current annual flowing power is roughly 34 m3s-.
The reservoir’s banks are steep and its bottom silty. The major river course is
near the right bank causing its being pooled while the left bank is intensely
being drifted and shallow. This has brought about a gradual protrudence of so-
me small islands covered by hydrophilous macrophyte vegetation (Simovic
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et al., 2000). Water transparency in summer has been found to range from
0.5—0.8 m and in winter 4.3 m.

HUNGARIA
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~ S
- 2 £ '
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Fig. 1. — Location of the Meduvr§je reservoir

The ichthyofauna of the Meduvrsje reservoir was reported to contain 20
fish species from 7 families, with an expressed dominance of Alburnus albur-
nus (25.86%), subdominance of Chondrostoma nasus (13.85%), Carassius au-
ratus gibelio (11.42%), abundance of Rutilus rutilus (9.43%), Leuciscus cepha-
lus (8.30%), Abramis brama (7.27%) and Pseudorasbora parva (6.46%). The
decrease in the economically significant fish species accounts for worsened
ecological conditions in the reservoir. This is also due to an over catching over
spawning and disobedience of the fishermen despite existing fish caretakers
who are keeping an eye on them. Specifically, the ecosystem ichthyofauna has
a huge abundance of C. nasus and L. cephalus, originally reophilous species.
Chub (L. cephalus) is the only abundantly present predator within the eco-
system (Markovié¢ and Veljovidé, 2005). The trophic spectrum of such
a European species has been focused on.
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MATERIALS AND METHOD

The ichthyological studies on the Zapadna Morava river sector lasted
from 1996 to 2002. The fish were caught using the standard fishing gear —
nets and hooks. The fish trophic spectrum determinations were based on
analysing the intestinal content taken from the anterior one-third of the alimen-
tary canal. Binoculars MBS-2 and MBDS-10 and the microscope “Studar”
were used as the differing magnifying needs might have been. Semi-quantita-
tive (per cent) presence of single components in the intestinal content was de-
termined by using of different handbooks (Grandi, 1960; Streble and
Krauter, 1973; Hindak, 1978; Jezek et al.,, 1980; APHA, 1985;
Kerovec 1986). After being analysed, the intestinal content could help
show the seasonal diet spectrum.

RESULTS

The intestinal content analysed in 88 samples of the fish caught in the
Meduvrsje reservoir indicated that the animal (55.7%) dominated over the
plant components (31.0%) and detritus (13.3%) (Tab.1).

Tab. 1. — The intestinal content of chub (%) in the Meduvrsje reservoir

Group Spring Summer Autumn Total
Cyanobacteriophyta < 0.1 0.5 1.5 0.5
Pyrrhophyta < 0.1 — < 0.1 < 0.1
Bacillariophyta 10.0 4.5 5.5 6.2
Chlorophyta 12.2 12.5 14.2 12.6
Macrophyte vegetation 5.5 15.7 10.7 11.6
Rotatoria 0.1 0.5 0.1 0.3
Nematoda 0.1 — — < 0.1
Mollusca — 3.5 8.5 3.5
Oligochaeta 0.1 0.5 0.1 0.3
Cladocera 0.1 0.1 0.1 0.1
Copepoda < 0.1 — — < 0.1
Odonata 25.5 18.5 5.5 17.2
Heteroptera 0.5 1.0 — 0.5
Coleoptera (aquatic) 10.5 5.2 2.5 6.1
Diptera — Chironomidae 0.5 0.1 0.1 0.2
Diptera — Tipulidae 0.5 4.5 2.5 2.6
Insecta (terrestrial) 4.0 3.0 7.5 4.2
Pisces 20.0 10.0 13.5 16.6
Amphibia — 4.5 10.5 4.5
Detritus 10.1 15.4 17.1 13.3

Speaking about chub diet belt over the spring season the larvae Odonata
of 25.5% seemed the most abundant (Tab. 1). Of the diverse fauna of this in-
herently insect order (Lestes sp. Aeshna sp. Anax imperator, Gomphus vulga-
tissimus), the finding on larvae Brachytron pratense, protected as the natural
rarity of Serbia (Herald RS 50/93), seemed interesting. Fish are an impor-
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tant component of the spring diet (20.0%) of the larger chubs (age 6+ and ol-
der ones), found in the aquatic Coleoptera (primarily Ilybius fuliginosis) in
abundant amounts in their intestines of up to 10.5%. Plant material accounted
for 27.9% intestine content characterised by an abundance of filamentous
Chlorophyta (12.2%) and Bacillariophyta (10.0%).

Over the summer period, the intestines had the larvae Odonata (18.5%)
most, the fish share being decreased (10.0%). Among the animal components
of diet, the presence of aquatic Coleoptera (5.2%), larvae Diptera, mainly Ti-
pulidae, (4.6%) and amphibians (4.5%) was detected. The plant material occu-
pied one third of the intestine content characterised by a frequently encounte-
red macrophyte (15.7%) and filamentous Chlorophyta (12.5%).

Fish and amphibians were found to highly exist (13.5% and 10.5%, re-
spectively) in the chub diet in the autumn. Their presence along with land in-
sects (7.5%) was identified in the early fall, with an abundance of Mollusca
(Anodonta sp.) with 8.5% and plant material full of filamentous Chlorophyta
(12.6%) and macrophyte components (11.6%).

Annually, chub diet belt within the ecosystem under way denoted the do-
minance of macrozoobenthos (23.9%) (Fig. 2) with larvae Odonata being the
most present (17.2%). The littoral of the reservoir covered in macrophyte pa-
ves the way for growing juveniles of this insect order representative so sprea-
ding the trophic belt of chub. Further, vertebrates, particularly those fish signi-
ficantly sharing the diet of older chubs over a longer period of the year (from
the end of March to the beginning of November) accounted for 16.6%. Also,
an abundant presence of other animal groups in the intestines is mainly con-
nected with some of the periods (Coleoptera in the spring, Mollusca in late
autumn).
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Fig. 2. The presence of different components in the chub diet (%)

The specificity of chub diet within this biotope is that the organisms of
the lake bottom being edible within macrozoobenthos (Oligochaeta and Chiro-
nomidae) community are barely contained in the chub intestines. The presence
of Bacillariophyta (6.2%) in all the samples was found to be the highest in
colder intervals of the year (early spring and late autumn).
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DISCUSSION

Numerous researchers have been discussing in favour of omnivorism of
L. cephalus in the lake ecosystems of Europe simultaneously suggesting a high
variability in such a presence when components are taken individually.

The characteristics of the fish diet in the Skadar Lake (Montenegro)
showed an enormously wide trophic belt-classifying chub as a member of
euryphage and zoophytophage sets (Jankovié¢ and Trivunac, 1978).
Basically, chubs eat insects (land ones, larvae, Trichoptera, Hemiptera and
Trichoptera) then, crayfish, shells, snails and fish largely appearing in the au-
tumn, winter and in the early spring. All year around, the algae (Chlorophyta,
Cyanobacteriophyta and Bacillariophyta) were present in the chub intestinal
content as well as the plant parts and detritus. A steady competition between
L. cephalus and Cyprinus carpio was manifested in light of Trichoptera, snail,
shell and detritus consuming.

Re-researches made on the same biotope corroborated a high diversity in
diet of the species under consideration (Stankovié¢-Trivunac, 1981).
In the samples caught over the winter and early spring, there were Trichoptera
and other insects and crayfish in large numbers. Over summer and autumn
months, algae and detritus were dominating; Crustaceans and molluscs were
frequently appearing in the late spring and autumn. The intestinal content of
chub indicated that its diet went on throughout the whole year with no compo-
nent being typical of the particular period, but it could have appeared for a
longer while.

A wide euryphage features chub diet in the Dalesice reservoir on the Ji-
hlava river (Adamek et al.,, 1987). Its peculiarity is a high presence of
small rodents (Rodentia), falling into the water from the steep banks.

Chub diet in the Meduvr§je reservoir went on from 1984—1985 indica-
ting chub to have a longer trophic spectrum than R. rutilus, Ch. nasus, A. bra-
ma and B. barbus (Veljovi¢ et al., 1986). Fundamentally, chub diet con-
sists of the larvae Chironomidae and other insects, with presence of the Bacil-
laryphyta (Melosira granulata, M. varians and Synedra acus representatives).
Neither other organisms in chub diet nor the relationships among its single
components have been stated in the literature so far except for certain species
Bacillaryophyta. Hence, the results did not essentially coincide with analyses
on dietary characters we have been concerned above. Zoophytophage character
of the chub diet was also noticed with a significant share of the plant compo-
nent all the year round, particularly in the intestinal content over the summer
and autumn months.

The analysis of the juvenile individual intestinal content pointed to a rela-
tive uniformity of the diet. Thus, at the age of 0+ the highest portion of the in-
testinal content was consisted of Bacillaryophyta, with scarcely present Chlo-
rophyta and individual zooplankton forms (plankto-phytophage diet). The inte-
stinal contents of the older juveniles (age 1+), apart from silicate algae, were
abundant in filamentous green algae (particularly Cladophora sp.), but also in
other types of diet (macrophyte vegetation, larvae Diptera). Juvenile chubs of
ages 2+ and 3+ were found to largely consume animal diet. In addition to the
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insect larvae, land insects and other organism groups were also present. Cha-
racteristically, the diet of the sexually immature individuals was, in one word,
plankto-phyto-zoo-phage. The high proportion of vegetation in the diet of ju-
venile chubs is a possible consequence of the habitat degradation caused by
human activity (Balestrieri et al., 2000).

When an adult individual intestinal content was analysed, a progressive
increase in carnivorous was observed with aging of the samples caught. Youn-
ger adults (age 3+, 4+ and 5+) largely consumed insect larvae and land repre-
sentatives Odonata, Trichoptera, Diptera and Ephemeroptera. Piscivorousness
was expressed in the chubs of age 6+ and in the older ones, with the remai-
ning diet components (Mollusca, Amphibia and others) equally present in the
individuals of different ages. A huge heterogeneity in chub diet within the sa-
me biotype was noted. The samples of the same age and dimensions were
caught at the same profile, with some of them having intestinal content enti-
rely filled with filamentous green algae, whereas the others and larger in num-
ber consumed insects, fish or other animal component. The diet of adult indi-
viduals had an expressed zoophytophage character.

CONCLUSION

The analysis of the intestinal content of the specimens L. cephalus caught
in the Meduvr§je reservoir on the Zapadna Morava river (Western Serbia, the
Danube basin) is in favour of the zoophytophage type of the diet. High variati-
ons in chub diet existed over different seasons with different ages, but also in
the diet of the individuals of the same age. The results once more confirmed
not only the euryphage characteristic of the species existing in the analysed
ecosystem, but also its getting accustomed to certain diet resources.
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CE30OHCKA BAPUPAFA MCXPAHE KJIEHA
(LEUCISCUS CEPHALUS L., CYPRINIDAE, OSTEICHTHYES)
Y JEAHOJ AKYMVYJIALIMIN 3ATIAAHE CPBUIE

lopan C. Mapkosuh!, Braguma M. Cumuh?,
Anexkcangap M. Ocrojuh?, CHexana b. Cumuh?
I ArpoHomcku ¢akynrer Yauak, Llapa Jlymana 34, 32000 Yavak, CpoOuja
2 TIpupomHo-maTemMaTuuku Gakyaret Kparyjesai,
P. Jomanosuha 16, 34000 Kparyjesan, Cpouja

Pesume

Knen (Leuciscus cephalus L.) npeacrtaBba MacoOBHO 3aCTYIUbeHY pUOJbY BPCTY Y
craTkuM BomaMa bajlkaHa Koja Tlokasyje J100py amanTUpaHOCT Ha €KOJIOIIKE YCIOBE Y
BehuHu akymynanuja. Bpcra je macoBHa y akymynauuju Melyspiije, JolypaHoj Ha
peuu 3amamHa Mopasa (3amagHa CpOwuja, JIlyHaBCKM CIMB) W MpPEACTaBba jeAUHY Ma-
COBHUjy rpabJbuBUILy. AHAJMU3UPAH je LIPEBHU caapikaj 88 jeMMHKM KJIeHA pa3iuduTOr
y3pacrta yJioBbeHuX y mepuony 1996—2002. romune. KoHncraToBan je 300-cdutodar ka-
pakTep MCXpaHe ca BEJUMKUM YIeJIOM OWbHUX KOMIOHEHaTa TOKOM liejie ToauHe. Yo-
YeHe Cy pasiuKe Y TPOPUIKOM CIIEKTPY BPCTE Y Pa3IuIMTHM ce30Hama u3mel)y jemnH-
KM pa3IMYuTOr y3pacTa, Kao M BeJMKa WHIMBUIyaJHA Bapupamba.
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