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A SIMPLE PRESSURE INFILTROMETER

FOR DETERMINATION OF SOIL HYDRAULIC
PROPERTIES BY IN SITU INFILTRATION
MEASUREMENTS

JEDNODUCHY TLAKOVY INFILTROMETR PRO STANOVENI
HYDRAULICKYCH VLASTNOSTI PUDY POMOCI POLNICH
INFILTRACNICH MERENI

S. Matula, H. Kozakova

Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: The design and application of a simple pressure infiltrometer is presented. The infiltrometer consists of
a Mariotte bottle, mounted on the top of a single iron infiltration ring of 0.15 m inner diameter, driven to a short distance
(0.08 m) into the soil. A wide range of steady water pressures (H) can be applied to the soil surface inside the infiltration
ring using a moveable air tube within the Mariotte bottle. The only principle employed is mechanical-hydraulic one. The
infiltrometer is fully portable and can be operated by one technician. The maximum infiltration rate which can be supplied
is equal to a saturated hydraulic conductivity (K) of 77 m.day". The apparatus was tested on a typic Hapludoll with multiple
measurements taken on each of four plots. Core samples from the area around the infiltration rings were taken for constant
head permeameter laboratory tests, and the results were compared with those from the infiltrometer. The theories of Philip
(1957) and Elrick, Reynolds (1992) were used for the calculation of sorptivity (S,,) and hydraulic conductivity (K).
The results showed that the infiltrometer is a good simple tool for measuring field infiltration. The measured values of the
saturated hydraulic conductivity (K) showed less variation compared to K values determined on soil cores taken from the
same spot.

pressure infiltrometer; Mariotte bottle; soil hydraulic properties; sorptivity; saturated hydraulic conductivity; infiltration
experiments

ABSTRAKT: Je popsdna konstrukce a aplikace jednoduchého tlakového infiltrometru. Infiltrometr sestiva z Mariottovy
lahve, ktera je umisténa na ocelovém infiltratnim valci o vnitfnim priméru 0,15 m, zaraZzeném na kratkou vzdalenost (0,08 m)
do pady. Konstantni tlakova vyska (H), kterd miZe byt aplikovana na povrch pidy v infiltraénim vilci, je m&nitelna v Sirokém
rozsahu pomoci posuvné zavzduSiiovaci trubice Mariottovy ldhve. Princip aplikovany u infiltrometru je pouze mechanicko-
hydraulicky. Infiltrometr je plné€ pfenosny, pro jeho obsluhu postacuje jedna osoba. Maximdlni infiltrované mnoZstvi, které
je infiltrometr schopen dodavat, odpovidd nasycené hydraulické vodivosti (K) rovné 77 m.den”'. Pfistroj byl testovan na
karbonétové Cernozemi na spradi pfi opakovanych méfenich, provedenych na &tyfech testovanych ploskach. Z nejbliZ§iho
okoli infitraénich vdlci byly odebirany Kopeckého vilecky pro laboratorni stanoveni nasycené hydraulické vodivosti na
propustoméru s konstantnim spaddem a vysledky byly srovndny s hodnotami ziskanymi z méfeni v infiltrometru. Rovnice
(Philip,1957; Elrick, Reynolds, 1992) byly uZity pro vypocet sorptivity (S,,) a hydraulické vodivosti (K). Vysledky
ukazuji, Ze popsany infiltrometr je dobrym jednoduchym pfistrojem pro polni infiltraéni testy. Méfené hodnoty nasycené
hydraulické vodivosti (K) vykazuji mensi rozkolisanost pfi opakovanych méfenich neZ klasické laboratorni testy na Kopec-
kého vileccich z téhoZ mista.

tlakovy infiltrometr; Mariottova ldhev; hydraulické vlastnosti pudy; sorptivita; nasycend hydraulickd vodivost; infiltraéni
experiment

INTRODUCTION many agricultural, hydrological and environmental

problems related to movement of water through the

The hydraulic properties which control flow into an  vadose (unsaturated) zone. Kutilek, Nielsen

unsaturated soil profile are commonly determined by  (1994) grouped the procedures for estimating soil hy-
infiltration experiments. They are important for solving  draulic properties into three classes:
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1. Steady or quasi-steady flow experiments, described
by Darcy-Buckingham equations, performed with
properly selected boundary conditions.

2. Unsteady water flow experiments performed under
restrictive conditions selected to allow the applicati-
on of analytical, semianalytical or approximate con-
ditions.

3. Unsteady water flow experiments performed wit-
hout restrictive conditions that are analysed by pa-
rameter estimation procedures.

Restrictive unsteady water flow infiltration tests per-
formed with a small positive preassure head at the soil
surface are relatively simple to execute and monitor in
the field. The transient and steady infiltration of water
into unsaturated soil can be used to quantify some of
the most important soil hydraulic properties such as
field saturated hydraulic conductivity and sorptivity.
These properties are measured in the field using per-
meameters and/or infiltrometers.

In general, three types of device are used for field
infiltration tests (Elrick, Reynolds, 1992):

1. Guelph permeameter or constant-head well permea-
meter (Reynolds et al., 1985)

2. Pressure infiltrometer (Reynolds, Elrick,
1990)

3. Tension infiltrometer (Perroux, White, 1988;
Ankeny et al, 1988; Reynolds, Elrick,
1991)

Most infiltrometers are based on the Mariotte bottle
principle, which is simple and reliable. It is used to

£y<0 4
~ Visy 7

1. Schematic diagram of the pressure infiltrometer: 1. piston valve
to open/close the water outlet, 2. moveable air tube of Mariotte
bottle to set the water level (H) inside the infiltrometer ring, 3. Ma-
riotte bottle, 4. plexiglass tube to indicate the falling water level in
the Mariotte bottle, 5. infiltrometer ring, 6. bulb of field saturated
soil, 7. wetting front, 8. wetting zone
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maintain automatically a constant water depth in the
infiltrometers (positive pressure head). It is simply
a stoppered bottle used as a water reservoir. Two tubes
are inserted through the stopper, one for siphoning the
water to the infiltrometer and the other for letting air
into the bottle. The bottom of the air tube is set at the
level at which the water surface in the infiltrometer is
to be maintained. The pressure inside the bottle at the
level of the end of the bubble air tube is at atmospheric
value, this maintains the water surface in the infil-
trometer at the same height as the end of the air tube.
The constant-head well permeameter (Guelph per-
meameter) consists of a Mariotte bottle that is lowered
into a borehole augered into the soil. The bottle sup-
plies water to a steady depth in the borehole. The pres-
sure infiltrometer is based on a Mariotte bottle and in-
filtrometer ring pressed into the soil. The bottle
provides a wide range of steady positive water pres-
sures to the soil surface within the infiltrometer ring.
The pressures are determined by a moveable air tube in
the Mariotte bottle. The tension infiltrometer consists
of a double Mariotte bottle connected either to a po-
rous disk or membrane inside an infiltrometer ring
driven into the soil (Reynolds, Elrick, 1991).

The infiltrometer described in this article is based on
a pressure infiltrometer M atula, Kozakova,
1995), which employs a Mariotte bottle mounted on
the top of a single iron infiltrometer ring of 0.15 m
inner diameter (see diagram in Fig. 1). The ring is
driven to a short distance (0.08 m) into the soil. A wide
range of steady water pressures (H) can be applied to
the soil surface inside the iron ring by raising and low-
ering the moveable air tube within the bottle. Ponded
infiltration creates a ,,bulb* of field-saturated soil. The
term ,,field-saturated** means that a certain amount of
air in the soil pores is trapped or encapsulated during
the infiltration process (Constantz et al., 1988;
Elrick, Reynolds, 1992). The water potential
(¢) in a bulb varies between zero and H. The field-satu-
rated bulb is surrounded by an unsaturated wetting zone
(Fig. 1), in which ¢ is between zero and ¢;, where ¢; is
the initial water potential in the unsaturated surround-
ing soil. Flow in an unsaturated soil profile is initially
transient, and after a period of time it reaches a steady
flow rate. The laboratory constant head permeameter
(Childs, 1969) was used to measure saturated hy-
draulic conductivity on small core samples to compare
results from infiltrometer tests.

MATERIAL AND METHODS
Pressure infiltrometer device

The major components of the portable pressure in-
filtrometer (Fig. 2) are a Mariotte bottle made from
plexiglass, an inner piston valve made from brass and

sealed by rubber O-rings into a PVC tube in the centre
of the Mariotte bottle, and a plexiglass tube for reading

ROSTLINNA VYROBA, 43, 1997 (9): 405-413



2. Pressure infiltrometer in use during the field experiment

the volume of infiltrating water. The handle of the pis-
ton valve is made from teflon. All materials used
should be non-corrodible. The only principle employed
is mechanic-hydraulic, no additional source of energy,
like electricity, is used. The infiltrometer is fully port-
able and can be operated by one technician. The maxi-
mum infiltration rate which can be supported by the
infiltrometer is equal to a saturated hydraulic conduc-
tivity (K) of 77 m.day'l. The inner diameter of the
infiltrometer plexiglass cylinder is 0.1117 m, and the
outflow equals to a decrease of 0.01 m in the water
level in the infiltrometer is 95.98 cm?>.

The infiltrometer ring (Fig. 3) has an inner diameter
of 0.15 m, and its height is 0.20 m. The ring is made
from iron protected from corrosion by paint or other
coating and is inserted 0.08 m into the soil. Each ring
is equipped with a simple water level indicator (a short
glass tube connected to the ring with PVC tubing
through a threaded 90° tubular brass fitting (Fig. 3).
This simple device indicates when a constant water
level has been reached. Usually only a few seconds
after opening the piston valve of the infiltrometer
a constant pre-set water level above the soil surface is
reached in the infiltrometer ring. This water level can
be set at any height between 4 and 12 cm above the
soil surface. The technique allows the constant pre-set
positive pressure head (H) to be easily controlled. Dur-
ing the period up to reaching a constant water level in

ROSTLINNA VYROBA, 43, 1997 (9): 405-413

3. Infiltrometer iron ring

the infiltrometer ring two processes occur in parallel:
1. infiltration into the soil, 2. increase of the water level
inside the infiltrometer ring. Thereafter only infiltration
continues and the water level remains constant, i.e. the
positive pressure head (H) is constant with time to the
end of experiment.

Experimental

The apparatus was tested in experiments on
a Haplustoll (family: silt loam, loess, eroded, truncated
phase) or Haplic Chernozem (FAO Classification) at
the Czech Agricultural University in Prague, Dept. of
Soil Science and Geology in 1993 and 1995. Four plots
(each 0.65 x 0.75 m) were selected for the infiltration
experiments. An infiltrometer ring (an inner diameter
of 0.15 m) was driven into the middle of each plot and
multiple measurements were done. The topsoil inside
the infiltrometer ring was removed to 0.15 m depth and
the ring was driven a further 0.08 m into the soil. The
rings were left for two years in these positions.

During each infiltration test the soil surface was
covered by an inert sponge to distribute water from the
infiltrometer inside the ring and to protect the soil
structure against damage by the Kinetic energy of water
from the infiltrometer outlet. The constant positive
pressure head (H) was pre-set to 0.10 m. An electronic
stopwatch was used to measure the time of infiltration,
as indicated by the falling water level inside the
plexiglass tube connected to the plexiglass cylinder.
The water level was measured on a scale fixed to the
cylinder (Fig. 2). The results of the infiltration experi-
ments are presented as cumulative infiltration (/) versus
time (f) in selected timesteps. An example from Plot 4
is shown in Fig. 4.

Four core samples (an inner diameter of 0.052 m,
100 cm? in volume) were taken for comparison of the
results from the infiltrometer within a circle of radius

407



Plot 4 - 1995

4. Cumulative infiltration
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0.275 m around each infiltrometer ring from a depth of
0.19 m below the soil surface. The samples were taken
for the classical constant head permeameter laboratory
tests. The initial water content was determined by the
standard gravimetric method on samples taken just be-
fore the start of the experiment adjacent to the infil-
trometer ring.

Theory of evaluation of infiltration tests

Flow into unsaturated soil from the pressure infil-
trometer occurs in two stages. Initially, the flow goes
through an initial transient phase and then approaches
the steady state. During the transient period both the
field saturated bulb and the surrounding wetting zone
increase in size by migrating downwards and outwards
from the infiltration surface. After reaching the steady
state, the field saturated bulb remains essentially con-
stant in size and shape but the wetting zone continues
to increase in size by outward migration of the wetting
front. The final size of the steady state field saturated
bulb is determined by the positive pressure head H
applied by the infiltrometer, the dimensions of the in-
filtration surface and soil properties, in particular by
texture, structure, initial water content and/or initial
(background) water potential y; (Elrick, Rey-
nolds, 1992).

Transient flow can be traditionally described by the
equation of Philip (1957), who introduced the series
solution to describe cumulative infiltration under pon-
ded conditions at time ¢t with ¢ = 0 at the beginning of
the infiltration process as:

I=8 0P LAy A PP Ay )
where: [ — cumulative infiltration (m)
S — sorptivity (ms™?)
t — time (s)
Ay, Ay, Ay — constants depending upon the soil hydraulic

properties and boundary conditions

Equation (1) can be truncated after the first two
terms because the series converges rapidly for rela-
tively short time. The three-dimensional flow can be

408

neglected only for short periods at the beginning of the
infiltration process and the equation is:

I1=8.17+A.¢ @
where: A — constant (gravity term) (ms™"

Talsma (1969) found a linear relationship be-
tween the cumulative infiltration / and the square root
of time during this early stage (the initial minutes) with
sorptivity as the slope of the line:

I1=5.1"? 3)

Equation (2) can be rewritten for the pressure infil-
trometer with the applied positive pressure head H as:

1=8y. 2+ A .1, H> 0, constant 4)

)

where: Sy — sorptivity for the ponded conditions (m.s™"?

Note that the term A . f can be neglected for an early
stage of infiltration. Sorptivity in equation (4) incorpo-
rates the effects of the positive pressure head H and the
capillarity of unsaturated soil.

The empiric relationship between unsaturated hy-
draulic conductivity k£ and water potential y has been
shown by Gardner (1958):

k(y) =K .exp™,y<0 (5)

where: k — unsaturated hydraulic conductivity (ms™)
K - saturated hydraulic conductivity (m.s™")
o - alpha parameter, the slope of In (k) versus Yy
Y - water potential (m)

Gardner (1958) defined the flux potential as an
integral of k(y) relationship (Kirchhoff transforma-
tion):

v
o0y) = | kew) dy, < w ©
v

where: ¢ - flux potential (mz.s")
V; — initial (or background) water potential (m)
Y — water potential as a variable (m)

Several specific values for fixed upper limits of the
integration can be defined:

ROSTLINNA VYROBA, 43, 1997 (9): 405-413



0
b= [ kw) dy @
Vi "
in which ¢, is matric flux potential (mz.s") and:

H
o,=[kw ay=K H ®
v
in which ¢, is velocity potential (m%s™").

Note, that ¢,, represents the unsaturated area under
the k(y) curve and ¢, the saturated area. The driving
flux potential ¢, is defined in this case as:

6= 0m + 9y )

Substituing (5) into (7) and integrating gives for the
pressure infiltrometer:

oY) = [K - k(W1/ ¢(W) (10)
where: o — sorptive number or alpha parameter (Philip, 1985,
1987) (m™")
ki — k(y) for y = ;

When k; is much smaller relative to K (Scotter et
al., 1982), equation (10) can be simplified to:

ay)=K/d,=0', K>>k (11)

The relation between ¢ and o depends upon y;. If
y; is at or below field capacity value, then K >> k; and
o = o. If y; is closed to zero (saturation conditions of
the soil), then o* can be larger than o« (Kachanoski
et al., 1989).

Elrick, Reynolds (1992), based on Philip
(1957), determined from equation (4) the sorptivity S,
for the ponded situation with water potential y = 0:

Sy=Syl(1+a". H)'? (12)

Raats (1976) described the alpha parameter o' as
the indicator of the relative magnitude of the capillarity
and gravitational components of water flow through
unsaturated soil. The smaller the value of @', the
greater the relative contribution of soil capillarity to the
flow (Elrick, Reynolds, 1992). Equations (4)
and (12) can be used for sorptivity determinations from
the pressure infiltrometer field experiments.

The infiltration during steady state flow (for a long
period of infiltration) may be described by the equation
formulated by Philip (1985), Reynolds, El-
rick (1990, 1991), Reynolds et al. (1985) and
Elrick, Reynolds (1992):

0=mn.a*. k¥)+G.o(¥) (13)

where: Q - the steady flow rate of water into the soil out of the
pressure infiltrometer (m3.s’l)
a - the radius of the infiltration ring (m)
G - a geometry function which accounts for the geometry
of the infiltration surface

The first term on the right side of the equation (13)
represents the flow due to gravity and the second ‘one
the influence of H and capillarity of unsaturated soil.

ROSTLINNA VYROBA, 43, 1997 (9): 405-413

Using equations (6), (7), (8) and (9) equation (13)
can be rewritten for the pressure infiltrometers as:

Q=n.a>.K+@lG).(K.H+9d,) (14)
or

0=(n.a*+@/G).[H+(1/a]}.K (15)

The geometry function G is a dimensionless shape
parameter determined by numerical solution from
Richard’s equation. Reynolds, Elrick (1990)
found that G is essentially independent of H, K and ¢,,
for a constant radius a (m) and depth of insertion d (m)
of the infiltrometer ring:

G=0316.(d/a)+0.184 (16)
From equation (15), K can be calculated as:
K=0.Gl@.H+d*.G.n+ala’) an

Equations (17) and (16) were used for the calcula-
tion of K from the pressure infiltrometer field experi-
ments using o from Elrick et al. (1989) (Tab. III).

RESULTS AND DISCUSSION

Multiple measurements were taken on each plot, the
first set in October and November 1993 and the second
in June 1995. On each occasion all four plots were
measured in a single day. A total of 32 measurements
was taken (8 on each plot). The measured infiltration
data were then evaluated, as follows.

Sorptivity (S) and gravity term (4)

Equations (4) and (12) were applied only during
transient flow from the pressure infiltrometer to esti-
mate sorptivity. A computer program (PHILIP II) for
a PC was written in BASIC to find parameters Sy and
A from the experimental data I(f). The least squares
method was used to calculate these parameters;
Tab. I as an example shows the calculated values for
Plot 4, using the infiltration versus time data in Fig. 4.
Sorptivity is not a constant for any soil but depends
upon the soil, upon the initial water content 8; and upon
the boundary condition on the infiltration surface.
Sorptivity decreases with increasing 6;, and for 6; val-
ues close to saturated water content 8 it is close to zero
(Kutilek, Nielsen, 1994). The sorptivity in
equation (1) is an estimate of the theoretical value of §
for soil with a certain initial water content (8;). The trun-
cation error influencing the estimated S in equation (1)
(for the details see Kutilek, Nielsen, 1994) is not
significant, and so S determined from the early stage of
the infiltration test using equations (4) and (12) could be
taken as a reasonable estimate of the sorptivity (S,,).

Saturated hydraulic conductivity (K)

To calculate K, equations (17) and (16) and o based
on Elrick el al. (1989) were applied to the steady
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1. Example of calculated sorptivities (S and §,,) and the gravity term (A) — Plot 4 for two different pressure heads (H) and initial soil water
contents (w) of the soil; K is estimated from A based on Talsma (1969)

Date of 5, from eq. (4) Positive pressure | S, from €q. |(12) A K=036A Initial water content
% €20 head H (cm.min™") s by weight w
experiment (cm.min™") (cm) o = 12 (m-Y) (cm.min™") (cm.min™") (m_day—l) (%)
11.7.95 2.89 10 1.95 1.76 0.634 9.13 2238
26.7.95 1.81 51 1.13 2.85 1.026 14.77 275

II. Influence of the chosen parameter o on the K val.ue calculated
from equation (17) for Plot 4; the values K,;, (@ = 1), K,
(o = 36) awd K,y (arithmetic mean value) are compared to K for
o' =120m™

Experiment Cafl:our::afsu;ﬁxg:?f .;')_ H o' (m') | %ofK
1.305 1 25.47

11.7.95 5.124 12 100
6.228 36 122.27
Kl 5.184 12.55 101.17
2.557 1 2232

26.7.95 11.456 12 100
14.520 36 126.74
| Ko 11.751 13 102.57

state flow rate of water into the soil, when cumulative
infiltration (/) is linearly related to time (#) (Fig. 4, for
t values greater than 24 or 40 minutes in each experi-
mental run). Fig. 5 and 6 compare measured K values
on the core soil samples and calculated values from
equation (17) for Plots 3 and 4. The values for the core
samples are larger than those calculated.

Gravity term (A) in equation (4) can be related to
the saturated hydraulic conductivity (K) by the approxi-
mate relation A = n . K. The value of parameter n ranges
between 0.2 and 0.67 (Philip, 1987), often a value
of 0.36 is used for structured soils (Talsma, 1969).
Kutilek et al. (1988) showed that the error of the
estimate of K derived from A could theoretically reach
about 30% in relatively dry homogeneous soil. The

estimation of K by this procedure therefore seems to be
unreliable and for this reason has been rejected.

Alpha parameter (o)

Equations (12) and (17) employ parameter (x*,
which has to be chosen. White, Sully (1987) sug-
gested setting the value to 10 m™! for the most soils.
Elrick, Reynolds (1992, Tab. 1-1) use soil tex-
ture/structure categories for site estimation of o
(Tab. IV). It ranges from o =1m! for compacted,
structureless, clayey materials to o =36 m! for
coarse, gravelly sands or soils with large macropores.
The influence of chosen value for o on the hydraulic
conductivity K calculated from equation (17) for Plot
4 as an example (data from Fig. 4) is shown in Tab. II
and Fig. 7. Similar results were found for all other
expe{imcnts. For most soils they recommended a value
ofa’ =12 m! (Elrick, Reynolds, 1992). The
values of & for the average measured K values (data
from Fig. 4 and Tab. II as an example) are o = 1255
and 13 m'l, which are very close to the value recom-
msnded by Elrick, Reynolds (1992). The value
o =12 m™' was therefore chosen as a reasonable es-
timate of alpha parameter for the present calculations.

CONCLUSIONS

The early field tests of an infiltrometer helped to
improve the construction and experimental method. We
found that the inner piston valve of the infiltrometer
allows a constant pre-set water level to be created in

I11. Example of the comparison of K results using two methods of lation and calculation of parameter n as a test
: K, (from Tab. I) K, (from Tab. Il and o’ = 12) A (from Tab. I) n=K,/A
Erpimts (m.day"!) (m.day™) (m.day™") ©)
L[1,:7..95, 9.13 5.12 25.344 0.202
26.7.95 14.77 11.46 41.04 0.279
IV. Soil texture/structure categories for site-estimation of parameter o (Elrick, Reynolds, 1992)
Soil texture/structure category o' (m™)
Compacted, structureless, clayey materials such as landfill caps and liners, lacustrine or marine sediments, etc. |
Soils which are both fine textured (clayey) and unstructured. X 4
Most structured soils from clays to loams; also includes unstructured medium and fine sands. The first choice for 12
most soils.
Coarse and gravelly sands, may also include some highly structured soils with large cracks and/or macropores. 36
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Plot 3 - 1993, 1995
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experiment 19.7.95
[ core sample no.958
E= core sample no.953

experiment 26.7.95

[7/7) arithmetic mean K

the infiltrometer ring within only a few seconds. The
increase in the water level to the constant stage is read-
ily controlled, and the time taken for the water to leave
the infiltrometer during this short transient period can
easily be registered. Those two important features make
the infiltrometer quite suitable for the measurement of
the early stage of infiltration process, so sorptivity can
be determined based on in situ measurement. The pres-
sure infiltrometer was successfully tested and used for
the field determination of soil hydraulic properties.
Multiple measurements were taken on four plots in
1993 and 1995 at the same localities and the saturated

ROSTLINNA VYROBA, 43,1997 (9): 405-413

ity (K) calculated from the infil-
trometer experiments and deter-
mined from the core soil samples
for Plot 4

soil cores (5.2 cm samples)
- experiment 21.10.93 [Jll] experiment 25.10.93
[l experiment 15.11.93 [l experiment 11.7.95
[[7] arithmetic mean X
m core sample no.940 @ core sample no.950

experiment 1.11.93

hydraulic conductivity K calculated from the infil-
trometer experiments was compared to K values deter-
mined on soil cores (Fig. 5 and 6).

Unfortunately, there is no laboratory or in situ
method to find values of K which can be considered as
accurate. The results for the multiple infiltration meas-
urements indicated a less varying estimation of K by
the infiltrometer than using the core samples laboratory
tests (Fig. 5 and 6).

This is probably due to the following reasons:

— the influence of direct hydraulic connection and in-
teraction with the subsoil layer for infiltrometer pro-
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Plot 4 - 1995

7. Influence of the se-
lected o parameter

15
14 I — values on the calcu-
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—o— experiment 1 (11.7.95) —o— experiment 2 (26

.7.95)

bably giving values of K more closer to natural rea-

lity than those for the soil core

— the large sample volume — direct volume of soil

" inside the infiltrometer ring is 1413 cm’, inside soil
core is 100 cm? only

- the influence of a possible less permeable layer
(Bouwer, 1986)

— the influence of macropores that is different in the
small soil core and in the larger infiltrometer ring
(Bouma, Anderson, 1973)

— vertical soil variability and vertical decrease of the
K value due to physical properties of the soil (soil
compaction,...)

Two methods have been used to estimate K. The
first, based on equation (4), can theoretically have an
error of 30% (Kutilek, Nielsen, 1994) and de-
pends critically on parameter n (0.2 £ n < 0.67). The
parameters 7, calculated as a test from the approximate
relation K=n. A, son =K /A, [K calculated for o=
12 from equation (17) and A from the results of the
computer program PHILIP II, both for the same experi-
mental data I(#)], ranges for all experiments between
0.2 and 0.3. The values of n calculated for data from
Fig. 4 are shown in Tab. III as an example. Similar
results were found for all other experiments. The sec-
ond and favoured method of the K determination uses
parameter o' The example of the influence of chosen
parameter o, for K calculation is shown in Fig. 7. El-
rick, Reynolds (1992) recommended values of
o acceptable for practical use. Tab. IV shows the soil
texture/structure categories for the o parameter esti-
mation. Parameter o" = 12 m™! from Tab. IV was taken
as a reasonable estimate for the present calculations.
The broad discussion of a determination of o parame-
ter, the variation of K calculated from infiltrometer
measurements and those from core samples will be
a content of another article.
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INTERACTIONS BETWEEN PHOSPHATASE ACTIVITY
AND SOIL CHARACTERISTICS FROM SOME LOCATIONS
IN THE CZECH REPUBLIC

INTERAKCE MEZI AKTIVITOU FOSFATAZ A PUDNIMI
CHARAKTERISTIKAMI VE VYBRANYCH LOKALITACH CR

B. Sarapatka, M. Kr¥kova

Palacky University, Faculty of Science, Olomouc, Czech Republic

ABSTRACT: Soil phosphatases play a major role in the mineralization processes of organic phosphorus substrates. Their
activity can be influenced by numerous factors and soil properties play a key role among them. This research adds to the
growing knowledge on soil phosphatases and their interactions with the specific soil characteristics of nine sites in the Czech
Republic with common soil types. The results show correlations and linear equations between phosphatase activity and some
soil characteristics. Positive correlations were found between enzymatic activity and organic carbon, and with nitrogen; and
between acid phosphatase activity and total phosphorus. Negative correlations were with the quality of humus (humic : fulvic
acids ratio) and available phosphorus, and between acid phosphatase activity and clay content and pH.

soil; enzymes; phosphatase activity; soil characteristics

ABSTRAKT: Cist pudniho fosforu se nachizi v organickych vazbich. Pfi jeho zpfistupiiovani maji velky vyznam pidni
fosfatazy, jejichZ aktivita je ovliviiovana fadou faktor(, vCetné pudnich podminek. Price se zabyva vztahy mezi fyzikalnimi
a chemickymi charakteristikami ptid a aktivitou zkoumanych pidnich enzymu. Sledovani probihalo v letech 1993 aZ 1995 na
tzemi deviti zemédélskych podnikii a vyzkumnych ploch s pidnimi typy béznymi v CR. Ve vegetatni sezoné byly v ramci
kazdého podniku odebriny vzorky pidy primérné z osmi ploch (pouze St&panov a Olomouc — dvé plochy) z horizontu 0 az
20 cm. Pro zkoumdni aktivity pidnich fosfatdz byla pouZita publikovanid metodika (Tabatabai, Bremner, 1969);
fyzikalni a chemické charakteristiky byly zjiStoviny podle metodik béZné pouZivanych v pedologickych laboratofich. Vyzku-
mem byly zjidtény korelace na hladindch vyznamnosti 95, resp. 99 % mezi enzymatickou aktivitou a dal§imi proménnymi
a nasledné pak zavislosti, které jsme vyjadfili linearnimi regresnimi rovnicemi. Z vysledku byly rovnéZz krokovou analyzou
vypoéteny vicendsobné linearni rovnice pro aktivitu kyselé a alkalické fosfatdzy. Z téchto zjidténi je zfejma kladnd zdvislost
mezi aktivitou fosfatiz a obsahem organického uhliku i celkového dusiku v pudé. Se zvySujicim se mnoZzstvim organickych
latek vzristala i aktivita fosfatdz. U organické hmoty byla stanovovdna i kvalita humusovych litek vyjidiend kvocientem
04/6. U této veliciny jsme zaznamenali korelaci zdpornou, stejné jako mezi enzymatickou aktivitou a obsahem jilnatych &astic
a mezi aktivitou kyselé fosfatdzy a pH pady. U fosforu nebyly zaznamendny zdvislosti mezi obsahem organického fosforu
a aktivitou fosfatiz, byl vSak zjistén kladny vztah mezi aktivitou kyselé fosfatizy a obsahem celkového fosforu a zaporny
vztah mezi aktivitou fosfatdz a obsahem prijatelného fosforu. Ziskané vysledky mohou byt vyuZity pii optimalizaci osevnich
postupt s cilem posilit padni drodnost i biologické a biochemické procesy probihajici v pidnim prostiedi.

puda; enzymy; aktivita fosfatdz; ptdni charakteristiky

INTRODUCTION

The phosphorus cycle in agroecosystems is influ-

enced by man through the mining and processing of

phosphates for fertilizing. Known reserves of rock
phosphates are very limited and are only a part of the
phosphorus found in soils (Stevenson, 1986). The
activity of soil enzymes is important in ensuring its
availability for plants. Such is the case of phosphorus,
in which a portion of this element within the soil is
bound organically and soil phosphates play a major
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role in the mineralization processes of organic phos-
phorus substrates. The mineralization of organic frac-
tions is of great agricultural and economic importance.

Enzyme reactions, which take place in the cells of
soil organisms, plant roots, and directly in the soil due
to enzyme accumulation, form the basis of soil metabo-
lism (Chaziev, 1972). Phosphatase activity can be
influenced by numerous factors and soil properties play
a key role among them. In some research phosphatase
activity has correlated with other physical, chemical
and biological soil properties. Relationships between
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phosphatase activity and organic carbon have been de-
scribed by Gehlen, Schroder (1990), Bon-
mati et al. (1991) and Nahas et al. (1994). The
correlation with total nitrogen has been described by
Speir (1977), Bonmati et al. (1991); with pH by
Chhonkar, Tarafdar (1984), Herbien,
Neal (1990). A study of the literature provides infor-
mation that soil phosphatase activity can also be related
to organic and inorganic phosphorus content, clay con-
tent, and soil moisture.

The aim of our research was to determine the activ-
ity of acid and alkaline phosphatase in the agroecosys-
tem and to increase our understanding of the interac-
tions among soil phosphatases and some specific
physical and chemical soil characteristics.

MATERIAL AND METHODS

The research was conducted at experimental loca-
tions and farms in the Czech Republic during the years
1993 to 1995. The experimental locations comprised
some plots at Uhtinéves near Prague belonging to the
Czech Agricultural University (luvisols, 295 m above
sea level) and the Agricultural Research Institute in

Kroméfiz (chernozems, 220 m above sea level). Paral-
lel sampling was carried out on the farms as follows:

.50t AR, Major soil Height
ocation (District) above sea
group level (m)
Medlov (Olomouc) luvisols 260
Staré Mésto pod SnéZnikem (Sumperk) cambisols 560
Pitin (Uherské Hradisté) cambisols 390
Kriliky (Usti nad Orlici) cambisols 610
Roveené (Zdir nad Sazavou) cambisols 510
Stépdnov a Olomouc (Olomouc) fluvisols 230

At the nine research sites soil samples were taken in
the vegetation period from an average of eight fields at
each site, except Stépanov and Olomouc where two
research fields were sampled. Soil samples were taken
from the 0 to 20 ¢cm horizon.

Most of the analyses were performed at the Depart-
ment of Ecology laboratory, Palacky University, Olo-
mouc. The main goal of the study was to determine soil
phosphatase activity using the method according to
Tabatabai, Bremner (1969). During the analy-
ses, soil was incubated in a solution with p-nitrophenyl
phosphate, and the p-nitrophenol formed was determi-
ned spectrophotometrically.

Granulometric analyses of the soils were carried out
by means of the pipette method. Particle size, used for
further trials, was below 0.01 mm and for clay was
smaller than 0.002 mm. The soil samples were tested
for pH in soil extract 0.01M CaCl, solution. Chemical
analyses comprised the assessment of organic carbon,
humus quality, total nitrogen, available phosphorus, to-
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tal phosphorus, inorganic phosphorus and organic
phosphorus. Most of the analyses were performed ac-
cording to the method of Javorsky etal. (1987) and
Kralova et al. (1990). Soil carbon was determined
by its oxidation with K,Cr,O5 and titration with diam-
monium iron(II) bissulfate hexahydrate. Humus qual-
ity, expressed as a humic acids : fulvic acids ratio, was
determined by means of a colour quotient Q4/6. Soil
samples were extracted using an alkaline solution of
sodium diphosphate, and the clear extract was meas-
ured spectrophotometrically at 465 and 665 nm, respec-
tively. Soil nitrogen was determined after mineraliza-
tion and distillation into boric acid. Available
phosphorus was assessed following soil extraction with
a calcium lactate solution. Phosphorus content was de-
termined spectrophotometrically. The determination of
total, mineral and organic phosphorus in soils was ac-
complished using the method of Bowman (1989),
which is based on a high efficiency of organic phos-
phorus being extracted from the soil samples using the
heat of the solution created by the addition of water to
concentrated H,SO,.

Analyses of clay content, organic carbon, total nitro-
gen, pH and available phosphorus were performed on
soil samples from all localities; total phosphorus, inor-
ganic phosphorus and organic phosphorus in samples
from Staré Mésto, Pitin, Medlov, Stépanov, Olomouc;
and the results of the humic : fulvic acids ratio are from
Staré Mg&sto, Pitin, Medlov, KroméfiZ, Stépanov and
Olomouc.

The results obtained were subjected to statistical
evaluation. Attention was paid to both correlations and
regression models. The statistical evaluations were per-
formed using StatGraphics, HarvardGraphics and SPSS
software.

RESULTS

The results of our research show the correlations
among acid and alkaline phosphatase activity and nu-
merous soil characteristics. The values of enzymatic
activity and soil properties are in Tab. L.

The correlations of enzymatic activity and soil prop-
erties are given in Tab. II along with the data calculated
to acquire the interactions between different soil char-
acteristics and phosphatase activity at the significance
levels of 95 and 99%, respectively.

The associated Figs 1 to 9 are supplemented with
linear equations obtained by means of a single linear
regression to confirm the above interactions between
the variables (Y=a + b . x).

The single regression analysis of all values was fol-
lowed by data estimation using multiple regression
analysis where the variations of dependent variables
could be explained by using numerous independent
ones. The interactions between acid and alkaline phos-
phatase activity, clay, available phosphorus, organic
carbon, total nitrogen contents, and pH/CaCl, were in-
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. The values of enzymatic activity and soil characteristics

Average Median q]::;‘:t?l:: qll‘:::;; Minimum Maximum
Acid phosphatase activity (umol/kg/hour) | 3 168.21 2 992.00 2 156.00 3 740.00 1 430.00 7 260.00
Alkaline phosphatase activity (umol/kg/hour) | 3 049.69 2 893.00 2 200.00 3 740.00 1 210.00 5 940.00
Particles < 0.0l mm (%) 36.79 " 36.00 25.60 41.46 20.50 74.60
Clay < 0.002 mm (%) 19.78 16.83 9.40 30.29 6.00 53.40
Curg (%) 1.46 1.47 1.05 1.71 0.59 2.68
Nt (mg/kg) 1764.19 1 788.50 1 296 2 056 957.00 3 407.00
Humic : fulvic acids (ratio) 0.55 0.41 0.33 0.76 0.24 0.92
Pvail (mg P,04/kg) 126.88 117.00 99.50 148.50 50.00 263.00
P (mg/kg) | 922.80 710.00 625.00 1 250.00 520.00 1 775.00
Pinorg (mg/kg) 812.00 590.00 530.00 1 120.00 440.00 1 530.00
pH/CaCl, 6.43 6.60 5.96 6.79 4.76 7.40

—
=

. Correlations among phosphatase activity and selected soil properties

Acid Alkaline
phosghgtase phosghgtuse
activity activity
Acid phosphatase activity b
Alkaline phosphatase activity b
Particles < 0.01 mm b -
Clay < 0.002 mm i -
Cmg >k sok
le *% **%
Humic : fulvic acids b o
Pyl % *
P Fok i
pi"ms *K =
ng - -
pH *x e

** existing correlations (99%)
* existing correlations (95%)
- no correlations

vestigated using the step-by-step analysis with the fol-
lowing results:
— regression equation for acid phosphatase activity:
AC. P. = 7447.82 - 36.47 . clay — 6.34 . Py +
+984 . Cypy — 638.12 . pH/CaCl,
(R? = 53.9%)
— regression equation for alkaline phosphatase activity:
AL. P. = -83.26 + 6.70 . Py + 0.84 . Ny, +
+ 426.19 . pH/CaCl,
(R? = 22.3%)

DISCUSSION AND CONCLUSIONS
The results clearly state that in the soil samples
taken from the locations in the Czech Republic positive

correlations exist between acid and alkaline phos-
phatase activity and organic carbon content. This find-
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ing is in agreement with the results of other authors,
e.g. Nannipieri et al. (1973), Gehlen,
Schroder (1990), Nahas et al. (1994). Organic
carbon content was found to correlate with total nitro-
gen content. There was a possitive correlation between
this element and phosphatase activity, which corre-
sponds with the data reported by Speir (1977),
Bonmati etal. (1991), and others. The humus qual-
ity was expressed by the humic : fulvic acids ratio.
A negative correlation was determined between the
above ratio and the activity of acid and alkaline phos-
phatases. The increasing humic : fulvic acids ratio
brought about a decrease in the activity of the enzymes
which may be due to the fact that those substances with
a lower molecular weight decompose more easily. The
negative correlation was also found between the avail-
able phosphorus content and both acid and alkaline
phosphatase activity. This result agrees with the results
published by Haynes, Swift (1988). Our study
reveals a positive correlation between acid phosphatase
activity and total inorganic phosphorus content, but no
correlation with organic phosphorus was found. This
has been described previously in the literature, for ex-

acld phosphatase activity
pmol p-NP kg hour'  pcat kg”'
8000 — 2.22

[
6000 -~ 1.67
[
|

0
20 25 930 35 40 45 S50 55 6 6 W 5
particles < 0.01 mm (%)

1. Relation of acid phosphatase activity to particles < 0.0l mm

- — — — acid phosphatase activity (AC. P.)
alkaline phosphatase activity (AL. P.)
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acld phosphatase activity
pmol p-NP kg™ hour'  pcat kg™
8000 - 2.22
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2. Relation of acid phosphatase activity to clay < 0.002 mm
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4. Relation of phosphatases activity to N,

acld phosphatase activity
pmol p-NP kg hour'  pcat kg™
8000 - 2.22

6000 - 1.67

AC.P.=10634.3-1158.4%pH
R?= 329 %

2000 - 0.56

] L PO LN N
475 5 525 55 575 6 625 65 675 7 725
pH

6. Relation of acid phosphatase activity to pH

ample, by Chhonkar, Tarafdar (1984). Similar
to other experiments (cf. Gehlen, Schroder,
1990), our trials have also confirmed a negative corre-
lation between acid phosphatase activity and pH. At
our locations, the phosphatase activity of soil decreases
with increasing clay content. This is related to the fact
that soil enzymes are associated with clays. The activi-
ties of clay-adsorbed enzymes are often lower than
those of free enzymes, as previously described by
Boyd, Mortland (1990).

In conclusion, soil enzyme activities are believed to
be able to discriminate between soil management treat-
ments (Dick, 1993; Anwarzay et al.,, 1990;
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3. Relation of phosphatases activity to Corg

activity of phosphatases
pmol p-NP kg’ hour' pcat kg
8000 - 2.22
6000 - 1.67
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5. Relation of phosphatases activity to humic : fulvic acids ratio

of phosphatases
pmol p-NP kg hour!  pcat kg!
8000 — 2.22
6000+ 1.67
AC.P.=4303.9-7.06*P
4000 “Jmwale R= 61%
-
AL.P.=3013.5-5.52°P
2000 - 0.56 R = 48%
° — A
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P,0; (mgkg™)

7. Relation of phosphatases activity to P,

avail

Miader etal, 1990). The results of both our research
and that of other research projects (Nannipieri et
al.,, 1973; Nahas et al., 1994) show that soil enzyme
activities are directly dependent on the content of or-
ganic substances (carbon, nitrogen forms). It is possible
to say that unsuitable farming systems with a low input
of organic substances have had a negative effect on the
biological activity of soils, including soil phosphatases.
The application of soil conservation technologies, low-in-
put farming systems, and a well balanced carbon level
could preserve soil fertility in favour of plant production
and taken together are desirable factors for increasing the
activity of soil enzymes in agroecosystems.
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acid phosphatase activity

pmol p-NP kg hour' pcat kg
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8. Relation of acid phosphatase activity to P
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a pouzit pro tisk vSechny typy (formaty) grafickych souborl, Ziddme Vés, abyste ndm také kromé
origindlnich soubord (napf. z MS Excel typ *.XLS) zasilali grafické piedlohy vyexportované jako
bodovou grafiku v jednom z t&chto formétu:

Bitmap *BMP

Encapsulated Postscript *EPS

Graphic Interchange Format *GIF

Mac paint *MAC

MS Paint * MSP

Adobe Photoshop *PSD

Scitex *SCT

Targa *TGA

Tag Image File Format *TIF (tento format je nejkvalitnéjsi)
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VLIV ROZPUSTNEHO FOSFATU NA P-SOLUBILIZACNI
AKTIVITU BAKTERII

INFLUENCE OF SOLUBLE PHOSPHATE ON P-SOLUBILIZING
ACTIVITY OF BACTERIA

0. Mikanovi', J. Kubat', K. VorfSek?, T. Simon', D. Randov4?

'Research Institute of Crop Production, Praha-Ruzyné, Czech Republic
2Czech University of Agriculture, Praha, Czech Republic

ABSTRACT: Phosphorus supplied into the soil in the form of mineral phosphorus fertilizers transforms up to 90% into the
form hard-accessible to plants (Goldstein, 1986; Domey, 1987). In view of constantly sustainable agriculture, at least
a part of phosphorus needed for plants should be compensated from other resources. Ability to transform poorly soluble
phosphates into soluble forms has been confirmed in about 20 to 30% of soil microorganisms (Kucey, 1983; Halder,
Chakrabartty, 1993; Mikanova, Kubdt, 1994). The property to solubilize phosphates can be easily proved in
vitro conditions. This fact led earlier to the efforts to produce bacterial preparations — biofertilizers containing P-solubilizing
microorganisms. These preparations, however, after the application into the soil did not meet the expected results (Mishus-
tin, Naumova, 1962; Brown, 1974). Repression of P-solubilizing activity by soluble mineral phosphates now seems
to be one of the probable reasons of low efficiency of preparations in soil. Goldstein, Liu (1987) found that solubili-
zation of phosphates in Erwinia herbicola and Escherichia coli is induced by a deficiency of available phosphorus and
suppressed by raised level of soluble orthophosphates in soil. This study tried to find whether repression of P-solubilizing
activity by soluble mineral phosphates is not one of the reasons of different results obtained in vitro and results obtained with
the same strains in pot trials with soil (Mikanovd et al.,, 1995). Isolates of P-solubilizing rhizospheric microorganisms
were acquired from rhizosphere of cereals grown in pot and field trials at the Research Institute of Crop Production,
Praha-Ruzyné. Their P-solubilizing activity was tested on agar plates with P-agar Mikanova, Kubat, 1994) at various
levels of soluble phosphate (0 to 50 mmol P.ml™"). A soluble phosphate in the form of KH,PO, was added to this agar.
Selected isolates were tested also in liquid shaken cultures (Mikanova, Kubdt, 1994). Likewise in the previous case,
KH,PO, was added in various concentrations (0, 10, 30 and 50 mmol P.ml"). After incubation in the medium the concen-
tration of phosphorus was determined (Murphy, Riley, 1962) by a modified method (Machadek, Kotek, 1978);
32 isolates were tested on agar plates, 19 of 32 tested isolates showed P-solubilizing activity even under the presence of 10
mmol of soluble P in 1 ml of medium and 10 of them on agar containing 50 mmol P.ml™' (Tab. I). In liquid shaken cultures
four isolates were tested which in tests on agar plates exhibited a high P-solubilizing activity (without the presence of soluble
phosphate in medium) and were distinct by the fact whether this activity was (26, 141) or was not (86, 291) repressed by
soluble phosphate (Tab. II). When compared repressed (26) and not repressed (86) isolates, it has been confirmed that an
activity of not repressed one was higher than that of not repressed isolate at higher concentrations. When another two isolates
were compared an inverse ratio was observed. In liquid shaken cultures of different level of soluble phosphate also six strains
of the genus Rhizobium were tested. The same medium like in the previous case was used and KH,PO, was added in
concentrations 0, 10 and 30 mmol P.mI™'. Results are presented in Tab. IIl. Different P-solubilizing activity follows from
comparison of these strains at gradated concentrations of soluble phosphate. Strains D55 and D661, charecterized by compa-
rable P-solubilizing activity, preserve the same ability to solubilize only at the level S mmol P.ml™", At the level 10 and 30
mmol P.mI™" in the strain D661 a distinct inhibition by this higher concentration of phosphorus was exhibited. Results of our
studies are in agreement with those obtained by Goldstein, Liu (1987) and confirm the hypothesis that there are
microorganisms whose P-solubilizing activity is repressed under the presence of soluble phosphate and those microorganisms
in which repression does not occur.

soil phosphorus; solubilization of phosphate; P-solubilizing microorganisms

ABSTRAKT: Na agarovych deskich s P-agarem pfi riizné drovni rozpustného fosfétu bylo testovano 32 izolétd s P-solubi-
lizujici aktivitou; 19 z 32 testovanych izolatl tuto aktivitu vykazalo i za pfitomnosti 10 mmol rozpustného P v 1 ml média
a z nich 10 i na agaru obsahujicim 50 mmol Pml™. Vv tekutych tfepanych kulturich byly testovédny cCtyfi izolaty, které
v testech na agarovych deskich vykazovaly vysokou P-solubiliza¢ni aktivitu (bez pifitomnosti rozpustného fosfitu v médiu)
a lisily se v tom, zda tato aktivita byla (26, 141) nebo nebyla (86, 291) reprimovana rozpustnym fosfitem. Pfi srovnéni
reprimovaného (26) a nereprimovaného (86) izolitu se rovnéZ potvrdilo, Ze aktivita nereprimovaného izolitu byla vy$si neZz
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aktivita izol4tu reprimovaného pfi viech koncentracich. Pfi srovnani dal3ich dvou izoldti viak byl pozorovén obraceny pomér.
V submerznich kulturdch s riiznou hladinou rozpustného fosfdtu bylo testovdno také $est kment rodu Rhizobium, u kterych
byla jiZ dfive nalezena P-solubiliza&ni aktivita. Bylo pouZito stejné médium jako v pfedchozim pfipad€ a byl pfidin KH,PO,
v koncentracich 0, 10 a 30 mmol P.ml™'. Ze srovnani téchto kment vyplyvd rozdilnd P-solubilizagni aktivita pfi stupiiovanych
koncentracich rozpustného fosfétu. Pfi porovndni kmeni D55 a D661, které maji srovnatelnou P-solubilizagni aktivitu, je
zfejmé, Ze tyto kmeny si zachovavaji stejnou schopnost solubilizace pouze pfi hladin€ fosfatu 5 mmol P.ml™!. Hladina 10
a 30 mmol P.ml™" zfeteln® inhibovala P-solubilizani aktivitu kmene D661. Vysledky nadich praci se shoduji s vysledky,
které ziskali Goldstein, Liu (1987), a potvrzuji hypotézu, Ze existuji mikroorganismy, jejichZ P-solubilizaéni aktivita
je v pfitomnosti rozpustného fosfatu reprimovéna, a mikroorganismy, u nichZ k represi nedochézi.

pudni fosfor; solubilizace fosfatu; P-solubilizujici mikroorganismy

UvVoD

Solubilizace fosfati je vedle tradi¢nich metod mobi-
lizace fosfati velmi perspektivni zplsob zpfistupnéni
fosfati a zlepSeni Gcinnosti Cerpani fosforu rostlinami.
Fosfor dodany do ptidy ve formé mineralnich fosfored¢-
nych hnojiv se aZ z 90 % preméiiuje na formy rostli-
ndm t&Zko dostupné (Goldstein, 1986; Domey,
1987). PrestoZze pudy obvykle obsahuji dostatecné
mnoZstvi celkového fosforu, mnoZstvi pistupného fos-
foru je velmi malé, a miZe se proto stit limitujicim
prvkem rustu rostlin. Z hlediska trvale udrZitelného ze-
médélstvi je tfeba alesponi Cast fosforu potfebného pro
rostliny uhradit z jinych zdroji. Schopnost transformo-
vat mélo rozpustné fosfaty do forem rozpustnych byla
prokazana asi u 20 aZ 30 % pudnich mikroorganismu
(Kucey, 1983; Halder, Chakrabartty, 1993;
Mikanova, Kubat, 1994). Schopnost solubilizo-
vat fosfor lze in vitro snadno dokdzat. Tato skutecnost
vedla jiZ dfive ke snahdm vyrabét bakteridlni preparity —
biohnojiva obsahujici P-solubilizujici mikroorganismy.
Tyto preparity vSak po aplikaci do pidy nesplnily oce-
kdvané vysledky Mishustin, Naumova, 1962;
Brown, 1974). Represe P-solubiliza¢ni aktivity roz-
pustnymi mineralnimi fosfaty se v soucasné dobé uka-
zuje jako jedna z pravdépodobnych pfi¢in malé G&in-
nosti preparati v pidé. Goldstein, Liu (1987)
zjistili, Ze solubilizace fosfati u Erwinia herbicola
a Escherichia coli je indukovana nedostatkem pfistup-
ného fosforu a potlatovana zvySenou hladinou rozpust-
nych ortofosfata v padeé.

V této prici jsme se snaZili zjistit, zda represe P-so-
lubiliza¢ni aktivity rozpustnymi minerdlnimi fosfaty
neni jednou z pficin rozdilnych vysledkt ziskanych in
vitro a vysledku ziskanych s tymiZ kmeny v nidobo-
vych pokusech se zeminou Mikanova etal., 1995).

MATERIAL A METODA

Izolaty P-solubilizujicich rizosférnich mikroorganis-
mu byly ziskany z rizosféry obilnin péstovanych v ni-
dobovych a polnich pokusech ve VURV Praha-Ruzy-
né. Tyto izolaty jsou uchovavany ve sbirce na Hirteho
agaru. Jejich P-solubiliza¢ni aktivita byla testovdna na
agarovych deskach s P-agarem pii rizné urovni roz-

422

pustného fosfatu (0 aZ 50 mmol Pml !y agaru). Slo-
Zeni P-agaru: glukéza 10,0 g, asparagin 1,0 g, K,S0,
0,2 g, MgS0,4.7H,0 0,4 g, kvasni¢ny autolyzét 0,2 g,
agar 17 g na 1 | destilované vody. Pfed rozlévanim se
pridaji roztoky Na;PO, 7 ml a CaCl, 3 ml na 200 ml
agaru. Roztoky obsahuji 10,9 g NajPO,4.12H,0
a 22,0 g CaCl, a kaZdy je doplnény na 100 ml destilo-
vanou vodou. Pfiddnim roztoku ziska agar mléény za-
kal vzniklého fosforeénanu vépenatého, v némZ P-so-
lubilizujici organismy vytvofi prosvétlené zény.
K tomuto agaru byl po vysrdZeni pfidavan rozpustny
fosfor ve formé KH,PO,. Celkem bylo ve tfech opako-
vanich testovdno 32 izolatu.

Vybrané izoldty byly testovény v tekutych tfepa-
nych kulturach. Kultivaéni médium (stejné jako pro
P-agar, ale bez agaru, CaCl, a Na;PO,) bylo rozlévano
po 100 ml do 250ml Erlenmayerovych banék a do kaz-
dé bylo pfiddno 0,05 g Ca3(POy,),. Jako v piedchozim
pripadé byl pfidin KH,PO, v raznych koncentracich
(0, 1, 10, 30 a 50 mmol P.ml"). Inokulaéni suspenze
byly pripraveny z kultur péstovanych na Hirteho agaru.
Do jednotlivych banék byly ofkovany 2 ml suspenze.
Bariky byly inkubovany sedm dni pfi teploté 28 °C za
stalého trepini. Kazda varianta méla tii opakovini. Po
inkubaci bylo médium odstfedéno (10 min pii 5 000 otac-
kéch), supernatant byl filtrovan a ve filtratu bylo sta-
noveno mnozstvi fosforu (Murphy, Riley, 1962);
metoda byla upravena (Machédéek, Kotek,
1987).

VYSLEDKY A DISKUSE

Testace P-solubilizujicich mikroorganismi na aga-
rovych deskdach potvrdila jejich vétsi ¢i mensi schop-
nost uvoliiovat fosfor z nerozpustného fosfore¢nanu va-
penatého; 19 z 32 testovanych izolatd tuto aktivitu
vykdzalo i za pfitomnosti 10 mmol rozpustného P
v | ml média a z nich 10 i na agaru obsahujicim
50 mmol P.mI™! (tab. I).

V tekutych tfepanych kulturach byly testovany ¢tyfi
izolaty, které v testech na agarovych deskéich vykazo-
valy vysokou P-solubilizaéni aktivitu (bez pfitomnosti
rozpustného fosfatu v médiu) a lisily se v tom, zda tato
aktivita byla (26, 141) nebo nebyla (86, 291) reprimo-
vana rozpustnym fosfatem. Byla ovérena vysoka akti-
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1. Tvorba zon (mm) v P-agaru pfi zvy3ujici se koncentraci rozpust-
ného fosfitu v médiu — Diameter of lysis zone (mm) in P-agar with
a soluble phosphate at raising concentration

Koncentrace rozpustného P v P-agaru®
Cislo (mmol.mI"")
izolatu'
0 10 50
86 17,7 53 12,8
291 123 14,6 8.7
26 12.0 0 0
88 11,2 0 0
44 10,6 0 0
141 9.8 3.6
25 9.5 33
50 8.9 0
147 59 4,0 33
42 54 0 0
181 5.1 3,0 29
243 5,0 4.5 5.1
290 49 2.2 0
33 4,7 25 29
138 4,6 3.8 2.2
186 43 39 1,3
244 42 4.9 39
2 34 0 0
3 28 43 0
38 27 34 4.2
62 2,0 1.6 0
61 2,0 1,0 0
1 1.9 0.3 0
202 1.7 1,3 0
19 1,6 1,0 0
85 1.3 0 0
152 1.3 0 0
12 12 0 0
16 1,2 0 0
4 1,2 0 0
20 1,0 1,0 0
21 1,0 0,5

11. Testace tirovné P-solubilizujici aktivity v tekutych tiepanych kul-
turdch pii stoupajici koncentraci rozpustného fosfitu v médiu -
P-solubilizing activity in liquid shaken cultures with a soluble phos-
phate at raising concentration of soluble phosphate in medium

. 2 . .
'number of isolate, *concentration of soluble P in P-agar

vita viech testovanych izolatd v médiu bez pfidavku
rozpustného fosfatu (tab. II). Pii srovnani reprimované-
ho (26) a nereprimovaného (86) izolatu bylo rovnéz
potvrzeno, Ze aktivita nereprimovaného izolatu 86 byla
vy$8i neZ reprimovaného izoldtu 26 pii vSech koncen-
tracich. Pri srovnani dalSich dvou izolata vsak byl po-
zorovan obriaceny pomér.

V submerznich kulturdch s riiznou hladinou rozpust-
ného fosfatu bylo testovano také Sest kmena rodu Rhi-
zobium, u kterych byla jiz dfive prokazana P-solubili-
zaéni aktivita. Bylo pouZito stejné médium jako
v piedchozim pripadé a byl pridin KH,PO, v koncen-
tracich 0, 10 a 30 mmol P.ml~". Vysledky jsou uvedeny
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Koncentrace rozpustného P v médiu?
Cislo (mmol P.ml™")
izotin' | o [ 1 [ 0 [ 30 [ so
mg P.I"!
Kontrola* 40 335 | 3456 | 12396 | 19416
86 533 90,9 393,2 12116 | 19126
26 483 83.0 366,4 10436 | 18480
291 79.5 92,9 396,2 980,0 [ 1 690,0
141 78.3 1114 4773 10054 [ 17564

. . . . 3
"number of isolate, “concentration of soluble P in medium, *control

I11. Testace kment rodu Rhizobium v submerznich kulturdch s riiz-
nou hladinou rozpustného fosfitu — P-solubilizing activity of Rhizo-
bium strains in liquid shaken cultures with a soluble phosphate of
different level

Koncentrace rozpustného P v médiu?
(mmol P.mI"")
Kmen!
0 5 10 30
mg P.I-!

Kontrola® 1.9 150.6 318.0 944,0
D663 65,4 2309 418,0 1292,0
D564 45,0 153.3 410,0 1 336.7
D55 37,7 2492 490.0 12533
D661 34.0 260,2 3540 1.200,0
D558 21.4 150,2 296,0 960,0
D559 18,4 267.5 6217 1 486.7

F 5 i i 3
'strain, concentration of soluble P in medium, *control

v tab. III. Ze srovnani téchto kmena vyplyva rozdilna
P-solubiliza¢ni aktivita pfi stupfiovanych koncentracich
rozpustného fostatu. Kmeny D55 a D661, které maji
srovnatelnou P-solubilizacni aktivitu, si zachovavaji
stejnou schopnost solubilizace pouze pfi hladiné fosfa-
tu 5 mmol P.mI™". P¥i hlading 10 a 30 mmol P.mI™" se
u kmene D661 projevila zfetelna inhibice solubilizacni
aktivity.

Vysledky naSich praci se shoduji s vysledky, které
ziskali Goldstein, Liu (1987), a potvrzuji hypo-
tézu, Ze existuji mikroorganismy, jejichZ P-solubiliza¢-
ni aktivita je v pfitomnosti rozpustného fosfétu repri-
movdana, a mikroorganismy, u nichZ k represi
nedochazi.

Vyzkum je financovan za piispéni GA CR, grant
&. 502/95/0945.
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ALELOPATICKE OVLIVNENI KLICIVOSTI VYBRANYCH
DRUHU JETELOVIN A KOSTRAVY RAKOSOVITE
(FESTUCA ARUNDINACEA SCHREB.)

ALLELOPATHIC EFFECTS ON GERMINATION PERCENTAGE IN SOME
LEGUMINOUS AND TALL FESCUE (FESTUCA ARUNDINACEA
SCHREB.)

M. Smolikova, L. Bartosova

Research Institute for Fodder Crops, Ltd., Troubsko, Czech Republic

ABSTRACT: The study was performed to examine interactions in seed germination in a mixture of leguminous crops and
grasses. In red clover (Trifolium pratense), lucerne (Medicago sativa), birdsfoot trefoil (Lotus corniculatus) seeds grown in
association with tall fescue (Festuca arundinacea) germination percentage was evaluated on days one to seven. The experi-
ments involved two treatments of seed geometry and two treatments of seed density. The species grown in monoculture served
as control. The effect of released allelopathic substances was most marked in a combination of birdsfoot trefoil and grass
resulting in reduced germination percentage of both seeds at the start of culture. The allelopathic effects of substances released
from seeds acted inhibitory or stimulating in the first days of germination. To the end of evaluation there were no significant
differences in germination percentage among seed mixtures and the controls. Sowing density and seed geometry had no
unambiguous and significant effect on germination percentage. Of the leguminous crops studied birdsfoot trefoil exhibited
the highest allelopathic potential and also tall fescue was considered as a grass with a high allelopathic potential. The results
are in good agreement with the concentrations of phenolic substances given in a follow-up to this study.

allelopathy; germination percentage; leguminous crops; Festuca arundinacea

ABSTRAKT: Bylo sledovano vzajemné ovlivnéni kli¢ivosti semen pfi spole¢né kultivaci vybranych jetelovin a kostfavy
rakosovité. U semen jetele luéniho (Trifolium pratense), vojtésky seté (Medicago sativa), tirovniku razkatého (Lotus corni-
culatus) v kombinaci s kostfavou rakosovitou (Festuca arundinacea) byla prvni az sedmy den hodnocena kli¢ivost semen.
Pokusy zahrnovaly dvé varianty vzajemného usporadani semen a dvé varianty hustoty semen, samostatné kultivované druhy
byly kontrolni. Vliv uvoliiovanych alelopatik se nejvyraznéji projevil v kombinaci Stirovniku riZkatého s travou prikazné
snizenou kli¢ivosti semen obou komponent na po&itku kultivace. Alelopatické plsobeni litck uvolnénych ze semen se
projevilo jak inhibi¢né, tak stimulaéné v prvnich dnech kli¢eni, ke konci hodnoceni nebyly stanoveny prikazné rozdily
v kli¢ivosti mezi kombinacemi semen a kontrolami. Faktory hustoty a uspofddani semen neplsobily na kli¢ivost jednozna¢né
a prikazné. Z pokusnych jetelovin vykazoval Stirovnik ruzkaty nejvyssi alelopaticky potencidl a rovnéz kostrava rakosovitd
plsobila jako trdva s vysokym alelopatickym potencidlem. Vysledky koresponduji se stanovenymi koncentracemi fenolickych
latek.

alelopatie; kli¢ivost; jeteloviny; Festuca arundinacea

UvVoD U jetelotravnich porostll na orné pudé je zase proble-

matické udrZet v porostu zadouci pomér jetelové

Alelopatie je definovana jako biochemicka interakce
mezi riznymi rostlinnymi druhy (vetné pudnich mik-
roorganismu). Alelopatické pusobeni je vyznamné pro
vzdjemné vztahy mezi rostlinnymi druhy jak v pfiroze-
nych ekosystémech, tak v agrosystémech (Ben-
-Hammouda etal, 1995; Yamamoto, 1995).

Zakladani a péstovani jetelotravnich smési je spoje-
no s nékterymi problémy. Pfi provadéni pfisevu jetelo-
vin do luéniho porostu dochazi ke Spatnému vzchazeni
vysévané sloZky a k jejimu postupnému vyhynuti.
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a travni sloZzky. Predpoklada se, Ze pfi¢inou vzniku
téchto nepfiznivych jevu je pusobeni alelopatik, Cili Ze
v jetelotravnim spoleCenstvu dochazi k vytvareni po-
mérné silnych vazeb s negativnim dopadem na jetelovou
slozku bud' ve fazi jejiho vzchazeni, nebo aZ u intaktni
rostliny (Tiley, Frame, 1988; Kohoutek,
1993).

Alelopatické pusobeni pii kliGeni péstovanych druhi
je mozné posuzovat jako sekundarni projev primarnich
vlivi alelopatik na metabolické procesy (Winter,
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1961). Fytotoxicky vliv latek uvolnénych kofenovymi
exsuddty, resp. rozkladem zbytkd byl testovan pii kli-
Ceni a rustu semenacka spolecné péstovanych druhd.
Tyto toxické latky, identifikované vétSinou jako feno-
lické slouceniny, mohou byt uvoliiovany nebo produ-
kovéany z listi, kofenovymi vymésky, volatilizaci
z rostoucich rostlin a rozkladem zbytki mikroorganis-
my (Rice, 1984).

V predloZené praci, ktera je ¢asti studie alelopatic-
kého pisobeni v jetelovinotravnich systémech, byl sle-
dovén vliv uvoliiovanych alelopatik na energii kliceni
a kli¢ivost semen pfi spolecné variantni kultivaci jete-
lovin a kostfavy rdkosovité. Cilem bylo zhodnoceni
alelopatického potencialu vybranych jetelovin a kostfa-
vy rdkosovité ve fazi kli¢eni semen.

MATERIAL A METODA

Vsechny pokusy zahrnovaly dvé varianty vzdjemné-
ho uspofadani semen (jeteloviny a kostfavy rakosovité)
a dvé varianty hustoty semen. Samostatné kultivované
druhy slouZily jako kontrola. Pro spole¢nou kultivaci
semen byly pouZity druhy: jetel luéni (Trifolium pra-
tense, cv. Vesna), vojtéska setd (Medicago sativa, cv.
Zuzana), §tirovnik razkaty (Lotus corniculatus, cv. Lo-
tar) a kostfava rdkosovitd (Festuca arundinacea, cv.
Kora).

Semena byla kratkodobé (5 min) sterilovdna slabym
roztokem KMnOy, oplichnuta destilovanou vodou
a rozmisténa do 90mm Petriho misek s navlhéenym fil-
tra¢nim papirem (3 ml H,O). V pribé&hu kultivace byl
denné pfidavan 1 ml destilované vody. Kli¢eni probi-
halo v kultivaéni mistnosti s reZimem 16 h svétlo, 8 h
tma a s teplotou v rozmezi 22 az 27 °C.

Usporadéni pokusi (varianty):

A - 50 semen jeteloviny + 50 obilek kostfavy rakoso-
vité, fadové usporadani;

B - 50 semen jeteloviny + 50 obilek kostiavy rakoso-
vité, $achovnicové usporadani;

C - 30 semen jeteloviny + 30 obilek kostfavy riakoso-
vité, fadové usporadani;

D - 30 semen jeteloviny + 30 obilek kostravy rakoso-
vité, Sachovnicové uspoiadani.

Kontrola:

KA — 100 semen jeteloviny;

Kg — 100 obilek kostfavy rékosovité;
K¢ - 60 semen jeteloviny;

Kp — 60 obilek kostravy rékosovité.

KaZda varianta méla pét opakovéni. Vysledky pro
jednotlivé dny hodnoceni byly zpracovéiny analyzou
variance pii pouZiti modelu dvojného tfidéni a vy-
znamnost rozdild byla posouzena Tukeyovym testem.
Hodnoty kli¢eni v procentech byly pro statistické zpra-
covéni transformovény na arc sin V% (Mudra, 1958).
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VYSLEDKY A DISKUSE

Kliceni ovéfovanych jetelovin bylo mozné hodnotit
nasledujici den po zaloZeni pokusu, tj. prvni den kulti-
vace. Obilky trav mély pocate¢ni energii kli¢eni nizkou
a kli¢ivé obilky byly stanoveny tfeti az ¢tvrty den kul-
tivace.

Pfi kultivaci jetele lu¢niho s kostfavou rakosovitou
(tab. I) byla pozorovana niZsi energie kliceni jetele luc-
niho v prvnich dnech kultivace. Prikkazné sniZeni kli¢i-
vosti jetele lu¢niho v3ak bylo potvrzeno jen u varianty
s hustym vysevem pfi uspofddani semen v fadach (A)
proti kontrole ve druhém dni kultivace. Kli¢ivost kos-
tfavy rakosovité byla ve varianté s hustym vysevem
a Sachovnicovym zpiisobem uspofadani semen (B) pri-
kazné snizena proti kontrole v pocate¢ni fazi kliceni
(tfeti a Ctvrty den kultivace). Ve variant€ s fid$im vy-
sevem byla inhibice klifeni travnich obilek prikazna
vzhledem ke kontrole u obou zpusobt zaloZeni semen
(C, D) tieti den hodnoceni a ¢tvrty den jen u varianty
se Sachovnicovym zplisobem zaloZeni semen (D). Ve
varianté s fadovym uspofadanim semen (C) byla ener-
gie kli¢eni &tvrty den prikazné vy$¥i proti $achovnico-
vému zaloZeni (D).

V tab. II jsou uvedeny vysledky z kultivace vojtésky
seté a kostfavy rakosovité. Inhibi¢ni pisobeni travni
komponenty na kli¢ivost semen vojtésky seté se ve va-
rianté s hustym vysevem (A, B) projevuje u obou zpi-
sobl zaloZeni semen v porovnani s kontrolou, avsak
hodnoty nejsou priukazné. V piipadé fidkého vysevu
byla zji§té€na prikazné vyssi klicivost vojtésky seté
v prvnim dni kultivace proti variantim s hustym vyse-
vem vcetné kontroly. Inhibi¢ni vliv travnich obilek se
u téchto variant (C, D) neprojevil.

Inhibice kli¢eni obilek kostfavy rdkosovité vojtés-
kou setou byla pozorovana ve vSech variantach ctvrty
a péty den kultivace. Vzhledem ke kontrolam jsou zji§-
téné hodnoty prikazné nizsi. Vyjimkou je kliCivost
kostfavy rdkosovité ve ¢vrtém dni u varianty C — pro-
cento kli¢ivosti je neprukazné niZ§i proti kontrole,
av8ak priukazné vy$3i proti procentu kli¢ivosti pfi a-
chovnicovém usporadani semen. Konecna klicivost
obilek kostiavy rakosovité pri spole¢né kultivaci s voj-
téSkou setou, stanovena sedmy den hodnoceni, byla ne-
prikazné niZ§i neZ u kontroly.

V pokuse, v némz byl kultivovan Stirovnik razkaty
s kostfavou rakosovitou, se vzdjemné inhibi¢ni pusobe-
ni projevilo v prvnich dnech kliceni jak u Stirovniku
razkatého, tak i u kostiavy rakosovité vzhledem k dané
kontrole (tab. III). SniZena kli¢ivost Stirovniku razka-
tého o 10 az 20 % proti kontrole byla prukazni ve
vSech variantach s vyjimkou varianty C (fidky vysev,
fadové uspofadani semen). Tato varianta méla prukaz-
né vyssi kliCivost proti uspofadani Sachovnicovému
(varianta D), vzhledem ke kontrole byla dana hodnota
neprikazné niZsi.

Vyrazna inhibice v prvnich dnech kliceni (tj. treti
a &tvrty den hodnoceni) se projevila u kostfavy rdkoso-
vité pfi spolecné kultivaci se Stirovnikem razkatym
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I. Kli¢ivost semen (%) jetele lucniho a kostfavy rdkosovité — Germination percentage of seeds of red clover and tall fescue

Varianty? Kontrola*
Kultivaéni doba! AP
(dny?)
jetel® triva® jetel triva jetel triva
1 44 0 44 0 9.8 0
2 55.2 0 67.2 0 770” 0
3 84.8 2,0 82,0 0 88,8 24"
4 88,4 62.8 86,0 52,0 90.4 644"
5 89,2 88,0 88,4 84,8 90,6 88,6
7 89,2 92,4 88,4 90,4 90,6 95,2
CD
| 4,7 0 4,7 0 7,0 0
2 70,0 0 56,7 0 743 0
3 86,7 0 85,3 0 90,7 7.3
4 92,7 693" 88,0 53,3 91,0 67,0"
5 92,7 92,7 90,0 86,7 91,0 90,7
7 92,7 95.3 90,0 92,0 91,0 95.3
Vysvétlivky k tab. I az I1I:
A - 50 semen jetele (vojtésky, Stirovniku) + 50 obilek triavy, fadové usporadani
B - 50 semen jetele (vojtésky, Stirovniku) + 50 obilek triavy, Sachovnicové uspofadani
C - 30 semen jetele (vojtEsky, Stirovniku) + 30 obilek triavy, fadové usporadani
D - 30 semen jetele (vojtésky, Stirovniku) + 30 obilek travy, Sachovnicové usporadini
Kontrola AB - 100 semen jetele (vojtésky, Stirovniku) + 100 obilek trivy
Kontrola CD - 60 semen jetele (vojtésky, Stirovniku) + 60 obilek trivy
Explanations to Tabs I to III:
A - 50 clover seeds (lucerne, birdsfoot trefoil) + 50 grass caryopses, row arrangement
B — 50 clover seeds (lucerne, birdsfoot trefoil) + 50 grass caryopses, chessboard arrangement
C - 30 clover seeds (lucerne, birdsfoot trefoil) + 30 grass caryopses, row arrangement
D - 30 clover seeds (lucerne, birdsfoot trefoil) + 30 grass caryopses, chessboard arrangement
Control AB - 100 clover seeds (lucerne, birdsfoot trefoil) + 100 grass caryopses
(Eomml CD - 60 clover seeds (lucerne, birdsfoot trefoil) + 60 grass caryopses
P < 0,05
P <00l
'cultivation time, Zd::ys. Yvariants, *control, ngss. fclover
II. Kli¢ivost semen (%) vojtésky seté a kostravy rikosovité — Germination percentage of seeds of lucerne and tall fescue
Varianty? Kontrola®
Kultivaéni doba'
(dny?) 48
vojteska® triva’ vojtéska triva vojtéika trava
1 1,2 0 0 0 2,6 0
2 66,8 0 60.4 0 56,2 0
3 80,8 15,2 80,8 12,4 86,0 242
4 832 61.6 82,0 50.8 87.2 84.0"
5 83.6 85.2 82.8 84.8 87.8 936"
75 83,6 95,2 82,8 94,8 87.8 97,2
CD
1 73" 0 87" 0 87" 0
2 74,0 0 68,7 0 733 0
3 84.7 153 79.3 17,3 83.0 18,7
4 87,3 733" 83,3 59.3 85.7 843"
5 87.3 84,7 84,7 73,3 85.7 930"
7 87,3 94,7 84,7 90,0 85,7 95.7
" P <00l

For 1-5 see Tab. I, “lucerne
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1L KliCivost semen (%) Stirovniku riZkatého a kostfavy rakosovité — Germination percentage of seeds of birdsfoot trefoil and tall fescue

Kultivaéni doba' s .
(dnyl) e A B AB
Stirovnik® trava’ Stirovnik trava Stirovnik triva
1 0 0 0 0 22" 0
2 54,4 0 49,6 0 69,8" 0
3 71,6 22,4 69,6 336" 80,8 614"
4 76,4 71,6 76,8 78,0 83,0 932"
5 84,0 83,2 80,4 90,4 83,0 932"
7 86,8 93,2 84,4 95,2 84,0 95,0
c D cD
1 0 0 0 0 1,0 0
2 613" 0 513 0 733" 0
3 74.0 16.6 68.0 14.6 79.6 316"
4 78,6 66,6 80,0 62,6 83,0 843"
5 80,6 88,6 80,0 86,0 83,0 91,6
74 82,0 94,0 80,0 92,0 84,6 95,0
:_P <005
P < 0,01

For 1-5 see Tab. 1, ®birdsfoot trefoil

vzhledem ke kontroldm. Ve tfetim dni kultivace bylo
klieni prikazné stimulovdno vys§i hustotou semen
v pfipadé Sachovnicového zaloZeni proti obéma varian-
tam ridkého vysevu.

Alelopatické vztahy mezi jetelovinovou a travni
komponentou byly nejvyraznéjsi v piipadé $tirovniku
ruzkatého a kostfavy rikosovité. Doslo k prikaznému
sniZeni kli¢ivosti semen obou komponent v pocatcich
spole¢né kultivace. S prib&hem kultivace se rozdily
snizovaly. Peters etal. (1981) pfi sledovani alelopa-
tickych vlivii kostfavy rdkosovité na kli¢eni semen 3ti-
rovniku ridzkatého a jetele luéniho zjistili nizsi klici-
vost semen obou jetelovin i prikaznou inhibici rastu
kofenli a nadzemni Casti rostlin. Tyto jeteloviny jsou
v USA c&asto spolu s kostfavou rakosovitou uZivany
v pastevnich smésich. V nasem pokuse byla semena je-
tele lu¢niho inhibovdna na pocatku kliceni pouze ve
variantich s hustym vysevem. Jako faktory odpovédné
za alelopaticky acinek kostravy rakosovité identifiko-
vali Peters, Luu (1985) osm organickych kyselin.

Vojtéska seta obsahuje znaéné mnoZstvi alelopatic-
ky aktivnich slou&enin, jeZ uvoliluje do rizosféry. Ze-
jména vysoka je koncentrace biologicky aktivnich sa-
poninti v kofenech — 4,2 % suché hmoty (Roshe et
al., 1996). Jako rustové inhibitory vylucované do rizo-
sféry vojtéskou a jinymi plodinami byly identifikovany
estrogenni izoflavonoidy. Chung, Miller (1995)
uvadéji, Ze kli¢eni vojtésky bylo sniZeno na 64 % ex-
traktem z kostfavy rakosovité vzhledem k 91% klici-
vosti kontroly. V naSem pokuse se vojtéska setd ukdiza-
la jako vyraznéjsi inhibitor kli¢eni semen nez kostfava
rdkosovitd. Na rozdil od pusobeni jetele lu¢niho a §ti-
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rovniku ruZkatého je inhibi¢ni pisobeni vojté¥ky seté
Casové posunuto do Etvrtého a patého dne kultivace.
I s pfihlédnutim k tomuto Casovému posunu byla nej-
vyrazné&jsi inhibice kli¢eni semen zaznamenani ve
vSech tfech pokusech na pocatku klieni jetelovinové
nebo travni komponenty. Tomu odpovidaji i nejvyssi
zjisténé koncentrace alelopatik (zejména fenolickych
latek) ve vodném vyluhu po dobu 24 h spolecné kulti-
vace semen jetelovin a trav (Kubdii et al., 1996).

Hustota vysevu semen a s tim i pfedpokladana kon-
centrace alelopatik se projevily rizné v jednotlivych
pokusech, a to jak u jetelovin, tak i kostfavy rikosovi-
té. Oproti predpokladu pusobila vySSi hustota semen
Stirovniku razkatého na kli¢eni obilek kostfavy rédkoso-
vité ve srovnani s fidSim vysevem spiSe stimulacné.
V ostatnich pfipadech neni ovlivnéni hustotou jedno-
znacné.

Faktor uspofadani semen byl jesté méné vyrazny. Ve
vétsiné pfipadt byla kliCivost nepriikazn& vy33i pfi li-
nedrnim uspofddani jetelovinovych semen i obilek kos-
tfavy rakosovité. Vyjimkou byla vyssi prikazna inhibi-
ce kli¢eni obilek kostfavy rakosovité pii kultivaci se
Stirovnikem razkatym vzhledem k Sachovnicovému
uspoiddani semen.

Kliceni semen a obilek bylo ovlivnéno jak stimulac-
né, tak inhibi¢né v prvnich dnech kliéeni, ke konci hod-
noceni se rozdily v kli¢ivosti viceméné vyrovnaly.
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VPLYV ODRODY A SPOSOBU VYSEVU NA TVORBU
URODY LUCERNY V PRVE]J KOSBE V TRETOM ROKU
VEGETACIE

THE EFFECT OF VARIETY AND TYPE OF UNDERSOWING
ON PERFORMANCE OF FIRST LUCERNE CUT YIELD
IN THIRD YEAR OF VEGETATION

P. Jamriska

Research Institute of Plant Production, PieStany, Slovak Republic

ABSTRACT: In field experiments the effect of four lucerne varieties on yield structure of stands from undersowing in three
maize hybrids and sowings without cover crop has been studied (Tabs I, II). Height, density and bulk density of stand, root
weight average root thickness and length of lucerne tillering zone effects on yield according to lucerne varieties and residue
of undersowing have been evaluated by path analysis (Tabs IV, V). The varieties affected number of plants and stems, bulk
density of stand, main root thickness, length of tillering zone and dry matter yield. Undersowing residue had effect on length
of tillering zone, main root thickness and on dry matter yield. Interaction of variety with undersowing residue was significant
in dry matter yield. Only Regia variety in the stand without cover crop had a lower yield than the stand from undersowing
in late maize hybrid. Regia in the stands from undersowing in this hybrid produced higher yield than Nitranka and Palava.
Generally, the most significant effect on the yield was exerted by height (r = +0.56 up to +0.87"") and bulk density of stand
(r=+0.43 up to +0.81"). On the other hand, stems number had the lowest effect (r = +0.23 up to —0.45). Height and bulk
density of stand directly participated in the yield performance. Other analysed parameters had indirect effect and participated
in the yield formation through height and stands bulk density. The stands from sowings without cover crop performed yield
mainly by means of stand bulk density. On the contrary, the stands from undersowing in maize formed yield more by the
stand height than by stand bulk density. The most distinct differences among varieties were between Regia and Nitranka. The
Regia created denser stand (higher number of plants and stems per | m?), higher stand bulk density, thinner main root and
shorter tillering zone. While Nitranka yield was affected by stand height only, Regia yield was influenced by stand bulk
density, stand height and root weight. It is remarkable that after two winter seasons Rod D and Palava varieties had such
a number of plants which showed a negative correlation with the yield. From this point of view Regia variety ability to use
effectively higher number of plants and stems than Palava and Nitranka for yield formation was outstanding. The Palava
variety performed the yield slightly higher by stand height than by stand bulk density, root weight had in this case also
a positive effect. Among analysed stand structure parameters, the most stable and relatively strongest was the relationship
between the stand height and tillering zone length (r = -0.52 up to -0.86""). Relatively strong and stable was also correlation
between stand height and root weight (r = +0.38 up to +0.93""), or relationship between stand bulk density and tillering zone
length (r = -0.31 up to -0.79"") or between plants number and stand bulk density (r = =0.30 up to -0.74").

lucerne; dry matter yield; structure of stand; effect of variety and undersowing

ABSTRAKT: V polnych pokusoch bola analyzovana tvorba trody Styroch odrdd lucerny z podsevu v troch hybridoch
kukurice na silaZ. Najvyraznejsi vplyv na Grodu mala vy$ka porastu (r = 0,56 aZ 0,87) a objemova hmotnost porastu (r= 0,43
aZ 0,81), vZdy v priamom t&inku. Porasty z podsevov tvorili tirodu viac vy$kou ako objemovou hmotnostou, naopak porasty
z vysevu bez krycej plodiny tvorili irodu viac objemovou hmotnostou. Zo skimanych odr8d boli najvi&Sie rozdiely medzi
odrodami Regia a Nitranka, Regia mala hustej$i porast (va¢$i pocet rastlin i stoniek na 1 m?) a vy$$iu objemovi hmotnost
porastu. Kym na trodu odrody Nitranka pozitivne pdsobila len vy3ka, na tvorbe trody odrody Regia sa podielala okrem
vy3ky viac objemova hmotnost, pozitivny vplyv tu mala i hmotnost korefiov. Napriek tomu, Ze i§lo o treti rok vegetacie, pri
odrodach Rod D a Palava posobil pocet rastlin na drodu negativne.

lucerna; droda suSiny; Struktira porastu; vplyv odrody a podsevu
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UvoD

Pri ekonomizécii pestovania lucerny a stabilizacii
jej drod bude narastat vyznam odrody (Sheard,
1989). V naSich podmienkach vSak v tomto smere
prevlada urcita skepsa. Pri¢inou st okrem biologickych
zvlastnosti tejto plodiny proklamovanie uniformity sor-
timentu a snad i absencia néleZitého testovania odlis-
nosti pri tvorbe urody jednotlivych odréd. Cielom
predloZenej prace bola analyza tvorby trody Styroch
odrdd lucerny v prvej kosbe tretieho roku vegeticie,
ktoré boli v roku sejby podsiate do troch hybridov ku-
kurice na silaZz. Podsev do kukurice bol zvoleny ako
jedna z moZnosti ekologickej racionalizicie v pestova-
ni kukurice (Bigler et al., 1995) a prva kosba v tre-
tom roku vegeticie ako obdobie vhodné na testovanie
odli$nosti v tvorbe drody medzi odrodami. Prezentova-
né vysledky sme ziskali pri rieSeni subetapy vyskumnej
ulohy Jamri§ka, 1993).

MATERIAL A METODA

Polné pokusy sme zakladali trikrat po sebe v kuku-
ri¢nej vyrobnej oblasti na hlinitej degradovanej erno-
zemi 170 m n. m. Dlhodoby priemer tepldt stanovi$ta
je 9,1 °C za rok a 15,73 °C za vegetacné obdobie,
v priemere za rok tu napr$i 625 mm, z toho 352 mm
vo vegetacnom obdobi. Do troch hybridov kukurice na
silaz: velmi skory CE 185, stredne neskory TO-MV
335 a neskory TO-MV 460 sa hned pri sejbe kukurice
(27. az 29. 4.) podsievali Styri odrody lucerny: Palava,
Nitranka, Rod D a Regia. Kontrolnymi variantami boli
vysevy bez krycej plodiny. Pokus bol zaloZeny metédou
pozdlznych dielcov, hlavné dielce boli hybridy kukuri-
ce, odrody lucerny tvorili poddielce, celkom 16 varian-
tov bolo randomizovanych v Styroch opakovaniach,
zberova parcelka bola 5 m dlha a 1,25 m $irokd. Po-
drobnejsi metodicky postup je popisany v predchidza-
jucej praci JamriSka, 1995). Pokusné roky treticho
roku vegeticie (1988, 1989, 1990) boli teplotou na
drovni normélu (100, 102 a 98 %), zrazkami mierne az
zretelne pod normalom (93, 66 a 91 %).

Prvii kosbu sme zberali na zatiatku butonizécie. Urodu
sme zistovali vaZenim v3etkej hmoty maloparcelkovym
zberatom. Vysku porastu sme zistovali meranim zo vzo-
riek odoberanych pred kosbou, objemovii hmotnost po-
rastu sme vypocitali z hodndt vySky porastu a urody
(kg.m'3). Pocet rastlin i hmotnost korefiov sme zistovali
na jesen pred vyoranim porastu, vykopanim rastlin i ko-
refiov z hlbky 250 mm a dlzky 1 m jedného riadku z troch
opakovani. Po vysuSeni korefiov sme merali hribku hlav-
nych korefiov pod kit¢ikom i 250 mm v péde a dizku z6-
ny odnoZovania. Zistené hodnoty $truktiry porastu i ko-
refiov sme spracovali analyzou rozptylu a rozdiely
vyhodnotili Tukeyovym testom. Usekovou analyzou sme
stanovili vplyv hodnotenych prvkov Struktiry porastu
i korefiov na trodu podla odrod lucerny i podla rezidua
podsevu lucerny do hybridov kukurice.
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VYSLEDKY

Na vysku porastu nemali vplyv odrody lucerny ani
hybridy kukurice (tab. I). Odroda Regia mala viac rast-
lin na 1 m? ako Nitranka i Palava. Odrody lucerny
posobili preukazne na pocet stoniek, Rod D i Regia
vytvorili hustejSi porast ako Palava alebo Nitranka.
Najviac stoniek na jednej rastline (3,1) vytvorila odro-
da Rod D, najmenej (2,4) odroda Regia. Obe tieto od-
rody mali vy$Siu objemovi hmotnost porastu ako Nit-
ranka. Porast zaloZeny bez krycej plodiny vytvoril
vyznamne niZ§iu urodu ako porasty z podsevov v hyb-
ridoch CE 185 a TO-MV 460. Z odrdd lucerny poskyt-
la Nitranka niZ§iu trodu ako ostatné tri. Rozdiely medzi
odrodami spdsobilo aj reziduum podsevu do neskorého
hybrida TO-MV 460. Odroda Regia v tejto interakcii
poskytla vysSiu drodu ako Nitranka i Palava. Uroda
odrody Regia predstavovala pritom jediny pripad vys-
§ej urody z podsevu oproti porastu z vysevu bez krycej
plodiny.

Na hmotnosti suSiny korefiovej hmoty sa nepreuké-
zalo pdsobenie odrdd lucerny a hybridov kukurice
(tab. II). Dizku odnoZovacej zény ovplyviiovali tak od-
rody lucerny, ako aj reziduum podsevu do kukurice.
Odroda Nitranka tvorila odnoZe na dlh§om dseku kore-
fiového kicika ako Regia. Podobne porasty z vysevov
bez krycej plodiny mali v priemere dlh§iu odnoZovaciu
z6nu ako porasty z podsevov v stredne neskorom a ne-
skorom hybride kukurice. Odrody lucerny sa liSili aj
hribkou hlavného korefia, Palava i Nitranka mali
v priemere hrubsi koreni ako Regia. Porasty z vysevov
bez krycej plodiny mali hrubsi koreii ako porasty
z podsevu v neskorom hybride TO-MV 460. Priemernt
hribku hlavného korefia 250 mm v pdde ovplyviiovali
len odrody lucerny, Nitranka mala hrubsi korefi ako
Regia.

Najvicsiu variabilitu zo skimanych znakov vykazo-
vali dizka odnoZovacej z6ny a hustota porastu vyjadre-
na poctom rastlin na 1 m* (tab, III). Zatial ¢o dizku
odnoZovacej zony okrem roénika ovplyviovali tak od-
rody lucerny, ako aj spdsob zaloZenia porastu, na pocet
rastlin posobili len odrody lucerny. Najmen§iu variabi-
litu mali naopak objemova hmotnost a vyska porastu.
Na objemovii hmotnost porastu pdsobili pritom odrody
lucerny, na vysku porastu vSak len roCniky.

Z tusekovych analyz podla odrdd lucerny (tab. IV)
vyplyva, Ze vySka porastu pdsobila pozitivne na trody
vSetkych Styroch odrdd, objemovda hmotnost porastu
i hmotnost suSiny korefiovej hmoty pdsobili pozitivne
na urodu odréd Palava a Regia. Naopak, pocet rastlin
bol v negativnej koreldcii s trodou odrody Palava
a Rod D. Vyska porastu a jeho objemova hmotnost sa
podielali na tvorbe trody priamo, pri odrodach Nitran-
ka i Rod D to dokumentuju aj preukazné hodnoty de-
terminacnych koeficientov. Ostatné faktory sa uplatiio-
vali na tvorbe trody nepriamo. Negativny ucinok poctu
rastlin sa uskutocfioval prostrednictvom negativneho
vztahu najmid s objemovou hmotnostou, popripade
s vySkou porastu pri odrode Palava a prostrednictvom
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I. Vplyv zaloZenia porastu a odrody na vybrané ukazovatele prvej kosby lucerny v trefom roku vegeticie — The effect of stand establishment
and variety on selected indicators of lucerne first cut in third year of vegetation

Odroda Hybrid kukurice® Bez krycej ;
e lucerny? CE 185 TO-MV 335 | TO-MV 460 plodiny®” Hiisuees
Palava 790,00 781,67 794,17 805,83 792,02
Nitranka 792,50 767,50 776,67 784,17 780,21
Vyska porastu®
(mm) Rod D 765,83 781,67 782,50 774,17 776,04
Regia 794,17 776,67 789,17 769,17 782,29
x 785,63 776,88 785,63 783,34 782,87
Palava 191 198 226 202 204 b
Nitranka 205 138 209 202 189 b
Pocet rastlin’
(m2) Rod D 195 216 223 212 212 ab
Regia 258 257 267 238 255a
x 212 202 231 213 215
Hd"! odrody lucerny'? 44
Palava 509 507 518 580 528 b
—_— Nitranka 549 541 568 545 551 b
(m) Rod D 684 640 596 685 651 a
Regia 644 620 621 591 619 a
X 596 577 576 600 587
Hd odrody lucerny 52
Palava 0,809 0,767 0,752 0,771 0,775 ab
Objemovi hmotnost | Nitranka 0.750 0747 0751 0,752 0750 b
8‘(’:::}’_‘“) Rod D 0815 0,802 0.810 0754 0795 a
Regia 0,796 0,794 0,853 0,745 0,797 a
&% 0,792 0,777 0,791 0,756 0,779
Hd odrody lucerny 0,038
Palava 6,40 ab 6,05 ab 597b 6,19 ab 6,15a
2 Nitranka 593 b 581b 581 b 587b 5.86 b
Uroda susiny'?
(tha™") Rod D 6,21 ab 6,26 ab 6,32 ab 578 b 6,15a
Regia 6,33 ab 6,22 ab 671 a 576 b 6,26 a
X 6,22 a 6,09 ab 6,20 a 590 b 6,10
Hd odrody lucerny 0,28; hybridy kukurice'? 0,28; interakcia'* 0,74

a, b, ¢ - rozne pi iz i vy

i odlinost — the different letter means significant difference

lindicator, “lucerne variety, 3maize hybrid, *without cover crop, 5;\vernge, ('heigh( of stand, 'number of plants, Snumber of stems, *bulk
density of stand, I“dry matter yield, D, Pycerne variety, Bmaize hybrids, Minteraction

negativneho vztahu najmi s vy$kou, popripade s obje-
movou hmotnostou porastu pri odrode Rod D. Pozitiv-
ny ucinok korefiovej hmoty sa zase uplatiioval predov-
Setkym prostrednictvom pozitivnej relicie s vy$kou
porastu pri odrode Palava a prostrednictvom pozitivne-
ho vztahu s vy$kou i objemovou hmotnostou porastu
pri odrode Regia.

Zo vzajomnych vztahov medzi skimanymi znakmi
bola najsilnejSou negativna korelacia medzi vyskou po-
rastu a dlZkou odnoZovacej z6ny. Len pri odrode Nit-
ranka zaostala intenzita tohto vztahu pod tdroviiou pre-
ukaznosti. Takmer rovnako silnym bol aj pozitivny
vztah medzi vy$kou porastu a hmotnostou koreiiov,
ktory nedosiahol hranicu vyznamnosti opit len pri od-
rode Nitranka. Relativne o nieco slabsiu silu mala ne-
gativna relacia medzi poftom rastlin a objemovou

ROSTLINNA VYROBA, 43, 1997 (9): 431-438

hmotnostou porastu s preukaznou uroviiou pri odrode
Palava i Regia, podobne ako pozitivny vztah medzi
po&tom stoniek a dlzkou odnoZovacej zény, vyznamny
pri odrodach Palava a Rod D. Jednoznaénym bol aj
negativny vztah medzi vySkou porastu a poctom sto-
niek, ktory v8ak dosiahol preukazni droveii len pri od-
rode Rod D, podobne ako aj zaporna korelacia medzi
hmotnostou koreiiov a dlZkou odnoZovacej zény, vy-
znamnou pri odrode Regia. Néaznak rdznorodosti
v smere Ucinku sa vyskytol medzi poctom stoniek a ob-
jemovou hmotnostou porastu s preukazne pozitivnou
relaciou pri odrode Rod D, jednoznacnou pozitivnou
tendenciou pri odrodich Palava i Regia a ndznakom
negativnej tendencie pri odrode Nitranka. Podobny na-
znak rdznorodosti bol vo vztahu medzi poétom stoniek
a hmotnostou korefiov s preukazne negativnou relaciou
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II. Vplyv zaloZenia porastu a odrody na vybrané parametre korefiovej hmoty lucerny v trefom roku vegeticie — The effect of stand
establishment and variety on selected parameters of lucerne root mass in third year of vegetation

Hybrid kukurice? i
Ukazovatel! Odmdaz Y Belz :fycfj Priemer®
Jucemy CE 185 TO-MV 335 TO-MV 460 plodiny
Palava 1 004,89 1 085,78 1 032,44 1 170,67 1 073,45
. Nitranka 1 039,56 772,00 1 011,11 994,33 954,25
Hmotnost suiny
korefiov!s (g.m"2) Rod D 1 009,78 1 000,00 1 072,89 1 171,56 1 063,56
Regia 1 070,67 1 136,45 1 044,89 1 037,78 1 072,45
x 1031,23 998,56 1 040,33 1 093,59 1 040,93
Palava 14,07 14,02 13,16 15,90 14,29 ab
. Nitranka 15,39 14,37 13,67 15,88 14,83 a
Dizka odnoZovacej
26ny16 (mm) Rod D 13,85 11,75 11,64 15,27 13,13 ab
Regia 12,74 12,39 11,95 14,47 12,89 b
x 14,01 ab 13,13 b 12,61 b 15,38 a 13,79
Hd"! odrody lucerny'? 1,82; hybridy kukurice!? 1,82
Palava 6,01 6,42 5,58 6,90 6,18 a
Hribka hlavného Nitranka 591 6,31 5,76 6,26 6,06 a
?Ofﬂ;ﬂ pod kitikom'” | god p 5,63 526 5.44 6.19 5,53 ab
mm
Regia 534 5,47 5,10 5,49 535b
x 5,72 ab 5,87 ab 547b 6,21 a 5,81
Hd odrody lucerny 0,60; hybridy kukurice 0,60
Palava 2,75 2,78 2,46 2,93 2,73 ab
Hriabka hlavného Nitranka 2,74 3,01 2,57 2,65 2,74 a
korefia' 2ol mim Rod D 281 2,53 2,47 2,68 2,62 ab
od kf¢ika
Regia 2,49 2,58 241 2,39 2,46 b
x 2,70 273 2,48 2,66 2,64
Hd odrody lucerny 0,28

For 1-14 see Tab. I, "*root dry matter weight, '(‘length of tillering zone, "root thickness below crown, '*root thickness 250 mm from crown

pri odrode Rod D, so zretelne negativnou tendenciou
pri odrodach Nitranka i Palava, a naopak, s naznakom
pozitivnej tendencie pri odrode Regia. Zretelnou roz-
manitostou sa vyznaCovali vztahy medzi objemovou
hmotnostou porastu a hmotnostou korefiov s preukaz-
nostou v negativnej relacii pri odrodich Nitranka
a Rod D a s nepreukaznou pozitivnou tendenciou pri
odrode Regia, popripade Palava.

V dudsekovych analyzach podla hybridov kukurice,
resp. spdsobu zaloZenia porastu vySka porastu vyznam-
ne pozitivne ovplyviiovala len irodu podsevov z kuku-
rice, a nie porastov z vysevov bez krycej plodiny
(tab. V). Hmotnost korefiov bola v pozitivnej korelécii
s trodou podsevov vo velmi skorom i neskorom hyb-
ride kukurice, objemova hmotnost porastu pozitivne
korelovala s irodou podsevov z TO-MV 335 a z poras-
tov bez krycej plodiny. Naopak, v zdpornej korelacii
s trodou bol pocet rastlin podsevov z hybridu TO-MV
335 i dlzka odnoZovacej zény podsevov z CE 185.
Vyska i objemova hmotnost porastu sa podielali na
tvorbe trody priamo. Na podsevoch zo skorého i ne-
skorého hybrida o tom sved¢i preukazny determinaény
koeficient B} a na porastoch z vysevu bez krycej plo-
diny koeficient B4. Negativny tcinok poctu rastlin
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(podsev z TO-MV 335) sa uplatiioval na tirode nepria-
mo prostrednictvom negativnej korelacie s objemovou
hmotnostou i vy$kou porastu. Pozitivny t¢inok hmot-
nosti korefov sa na urode zas uskutociioval prostred-
nictvom vyznamne pozitivnej koreldcie s vySkou po-
rastu (podsevy z CE 185 a TO-MV 460). Uginok dlzky
odnoZovacej z6ny sa nepriamo podielal na tvorbe uro-
dy prostrednictvom negativnej korelacie s vySkou po-
rastu (podsev z CE 185).

Najsilnej§im vztahom medzi skimanymi znakmi bo-
la i tu negativna rel4cia medzi vyskou porastu a dizkou
odnoZovacej zony, vyznamnu urovefi nedosiahla len na
porastoch vysiatych bez krycej plodiny. Slab$ie, aviak
stale jednoznacné, boli pozitivny vztah medzi vySkou
porastu a hmotnostou korefiov s preukaznou uroviiou
na podsevoch z velmi skorého i neskorého hybrida
a pozitivny vztah medzi poctom stoniek a objemovou
hmotnostou porastu, preukazny na podsevoch z CE 185
a porastoch zaloZenych bez krycej plodiny. Podobne
slabsie, ale eSte stile jednoznacné, boli negativny vztah
medzi hmotnostou korefiov a diZkou odnoZovacej zény
s vyznamnou uroviiou na podsevoch z neskorého hyb-
rida i negativny vztah medzi vySkou porastu a poétom
stoniek, vyznamny opit na podsevoch z TO-MV 460.
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’C‘; III. Zakladné 3tatistické udaje vybranych faktorov irody sufiny prvej kosby lucerny v trefom roku vegetdcie — Basic statistical information of selected factors of dry matter yield of lucerne first cut in third year
E of vegetation
; 2= Statisticky Hybrid kukurice? Odroda lucerny* i 5
= tidaj? CE185 | TO-MV 335 | TO-Mv 460 | Dezkryee Palava Nitranka Rod D Regia B
j‘ plodiny’
z EES ¥ % 785,63 776,88 785,63 783,33 792,92 780,21 776,04 782,29 782,87
© (cam) ! s 84,21 103,53 76,12 95,31 92,41 92,34 88,65 87,52 90,47
a v 1 13 10 12 12 12 1 1 12
= 2 3 212 202 231 213 204 189 212 255 215
= e s s 40,37 71,43 54,13 50,75 53.28 55,31 36,90 54,44 56,27
L v 19 35 23 2% 2 29 17 21 26
& 2255 % 596 577 576 600 528 551 651 619 587
é o e s 11,12 165,53 78,42 95,47 80,68 72,78 95,94 75,99 95,77
9 12 9 13 10 8 10 13 1
F 3 3 0,792 0,777 0,791 0,756 0,775 0,750 0,795 0,797 0,779
b s T s 0,071 0,090 0,070 0,100 0,787 0,061 0,077 0,108 0,085
9 12 9 13 10 8 10 13 1
& ' : H 1031,23 998,56 1 040,33 1 093,00 107345 954,25 1 063,56 1 072,44 104093
s sy el e s 213,54 181,88 187,84 154,66 205,72 179,86 179,31 145,84 187.06
v 21 18 18 15 19 19 17 14 18
E ok % 14,07 13,13 12,61 1538 14,29 14,83 13,13 12,89 13,79
el g o e s 2,69 477 4,50 343 4,25 4,04 3,84 3,82 4,07
v 19 36 36 2 30 28 29 30 30
F 2 3 6.22 6,09 6,20 5,90 6.15 5,86 6,15 6,26 6,10
e ¥ s 0,80 1,20 0,66 0,87 0951 082 0,65 L12 091
v 13 20 11 15 15 14 1 18 15

X - priemer — average, s — smerodajné odchylka — standard deviation; v — variaény koeficient — variation coefficient

'factor, 2statistical information, *maize hybrid, *lucerne variety, 5::verage, Swithout cover crop, 7heighl of stand, *number of plants, *number of stems, %bulk density of stand, Mroot dry matter weight, l2length
of tillering zone, lJdry matter yield
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1V. Korelagné matice dsekovej analyzy uginku vybranych faktorov na trodu suSiny lucerny v prvej kosbe v trefom roku vegetdcie podla
odrdd lucerny — Correlation matrices of sectional analysis of the effect of selected factors on lucerne dry matter yield at first cut in third

year of vegetation according to lucerne varieties

¥ % 5 % x5 X ﬁéiigl?r:i A L\‘/e);rzazny nepriamy cinok
X 1 0,636
X -0,201 | 1 -0025 | x; -0,465
x -0,579 | -0,264 1 -0,092
Palava x4 0,099 | -0737""| 0,528 1 0,630
£ 0,724"" | 0,123 | -0,245 0,086 1 0078 | x, 0,460
X6 -0,654° | -0,443 | 0864 | 0437 | -0424 | 1 0,030
y 0,793"" | -0,597" | -0,114 0,683" | 0599 | -0,211
celkovy prispevok® x,—x¢ k uréeniu® y: R = 0,9996"", n = 12
X 1 0,780
x5 -0,260 1 -0,059
x -0,564 | 0337 1 0,016
Nitranka X 0,013 | -0,551 | -0,064 1 0,560
X5 0463 | 0,172 | -0301 | -0,620"| 1 -0,050
X6 -0,519 | -0,266 | 0,287 0,534 | -0,468 1 -0,075
y 0,826 | -0,547 | -0,496 0,571 0,019 | -0,153
preukazny determinaény koeficient® B, = 0,6442°, celkovy prispevok x,-xg k uréeniu y: R = 0,9996"", n = 12
£ 1 1,001 | x4 -0,454
x -0,512 1 0034 | x -0,514 x, -0,294
X -0,692° | -0,107 1 -0,064 Xy 0,692
Rod D Xy -0470 | -0304 | 0716™| 1 0,966
X5 0,612° | 0066 |-0669" | -0,628"| 1 0007 | x, 0616 x, -0,607
X4 -0,766"| 0,133 | 0631" | 0360 | -0363 1 0017 | x -0770 x, 0348
y 0,595" | -0,769"" | -0,087 0,427 | 0067 | -0,476
preukazny determinadny koeficient B, = 0,5978", celkovy prispevok x,—xg k uréeniu y: R = 0,9978"°, n = 12
x 1 0,534
x,  |-0,061 1 -0,038
x;  |-0449 |-0,049 1 0,015
Regia X 0,187 |-0,603" | 0517 1 0,679
Xs 0,643 | 0,163 | 0,033 0347 | 1 0,017
xs  |-0.821"" [-0,332 | 0521 o111 | -0688° | I -0,073 x —0,438
y 0,727" |-0,454 0,090 0,808""| 0641" | -0,427
celkovy prispevok x;-xg k urCeniu y: R = 09978, n = 12

Xx1—xg; y — vid tab. IIl — see Tab. III

'direct effect on »

DISKUSIA

Vy3ka porastu mala najvyraznejsi a najstélej$i vplyv
natrodu(Schmidt, Mértin, 1981). V naSom pri-
pade je to zvyraznené eSte tym, Ze ide o prvi kosbu
v tretom roku vegetacie. Druhym najvyraznej$im fak-
torom tirody bola objemova hmotnost porastu. Oba roz-
hodujice faktory sa uplatiiovali na tvorbe trody pria-
mo, vietky ostatné nepriamo, prive prostrednictvom
vySky a objemovej hmotnosti porastu. Na oba rozhodu-
juce faktory pdsobili okrem poveternostnych podmie-
nok v rozli¢nom smere a intenzite pocet stoniek, pocet
rastlin, hmotnost korefiovej hmoty, popripade i dizka
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marked indirect effect through, *total contribution, *to determination, ssigniﬁcam determination coefficient

odnoZovacej zony. Z agronomického hladiska je dole-
Zité, 7e objemovii hmotnost porastu moZno ovplyviio-
vat odrodou.

Z ukazovatelov hustoty porastu sa pri pocte rastlin
vyskytli pripady depresivneho t¢inku na urodu. Napro-
ti tomu pocet stoniek ako jediny z hodnotenych ukazo-
vatelov nedosiahol preukazni vroveii vplyvu na tdrodu,
mozno tu kontatoval nanajvy$ niznak depresivneho
posobenia. Pri¢inou tychto reldcii bola zrejme vyhrane-
na intraSpecificka konkurencia, spésobena vysokou
urodovou schopnostou individudlnych rastlin, ktora bo-
la obmedzovana vysSou ako optimalnou hustotou rast-
lin pre uZivnu uroveii daného stanovi§ta (Kephart et

ROSTLINNA VYROBA, 43, 1997 (9): 431-438



V. Korelaéné matice uisekovej analyzy u&inku vybranych faktorov na trodu suliny lucerny v prvej kosbe v trefom roku vegeticie podla
hybridov kukurice — Correlation matrices of sectional analysis of the effect of selected factors on lucerne dry matter yield at first cut in third

year of vegetation according to maize hybrids

x x 13 %4 x5 X ﬁﬁl;":il::x:l‘i 2 :Q’;rzazni nepriamy G¢inok
x 1 0,886
% -0,221 1 0,027
¥ -0,490 | -0,092 | -0,018
CE 185 x| 0120 | -0342 | 0650° [ 1 0,687
x5 0,873" | -0,051 | -0,395 | -0,030 | 1 0,042 | x 0774
X4 -0,726"" | 0,122 | 0,288 | 0006 | -0,523 1 0,021 x —0,643
y 0,753 | -0,403 | 0,014 | 0559 | 0706 | -0,604"
preukazny determinadny koeficient® B, = 0,6677", celkovy prispevok® x,-x, k ur&eniu® y: R = 0,9980"", n = 12
x 1 0,651
X -0,423 1 0,007
X -0,078 | -0,088 i -0,018
TO-MV iA 0,394 | -0,561 0,535 1 0,560
o xs 0461 | 0472 | -0,069 | 0,109 1 -0,019
X5 -0,698" | 0,083 | 0270 | 0227 | -0438 1 -0,007 x, -0,454
y 0,866" | -0,589" | 0,230 | 0,800"°| 0,350 [ -0331
celkovy prispevok x,—xg k uréeniu y: R = 0,9996"°, n = 12
5 1 0,954
) 0,201 1 0,058
X3 -0,592" | 0459 | 1 0,004 | x; -0,565
Ié)de %4 -0,31 1” -0358 | 0,157 1 0,804
xs 0927 0,173 | -0,530 |-0252 | 1 0,038 x 0,884
% -0,857"| -0,536 | 0,166 | 0400 | -0,785"| 1 0,022 x, -0817 x, 0322
y 0,661" | -0,056 | -0,388 0,505 0,636 | -0,475
preukazny determinagny koeficient B, = 0,6305°, celkovy prispevok x,~x¢ k urdeniu y: R = 0,9986"", n = 12
x 1 0,754
x -0,285 1 0,012
X -0,508 | -0,107 1 -0,035
ff;ei X3 -0,223 | -0,421 0723 | 1 0,873
plodiny® Xs 0,380 | 0114 | 0,160 | -0,029 1 -0,019
# -0,545 | 0,510 | 0536 | 0573 |-0310 | 1 0,015 x 0411 x, 0,500
y 0,558 | -0,577 | 0216 | 0683 | 0232 | 0085
preukazny determinadny koeficient B, = 0,5961°, celkovy prispevok x,-xg k uréeniu y: R = 0,9992°%, n = 12

For 1-5 see Tab. 1V, Swithout cover crop

al., 1992). U&inok konkurencie sa prejavil i na podte
stoniek a na ich premenlivosti, ktord bola zretelne niZ-
§ia ako pri po¢te rastlin. Stonky byvaju v rozli¢nej mie-
re tak prostriedkom, ako i objektom konkurencie
(Campbell et al, 1992). F
Hmotnost korefiov v rozli¢nej miere pozitivne korelo-
vala s drodou. Z hodnotenych znakov na iiu najvyraznej-
Sie posobila vy¥ka porastu — pozitivne, v rovnakom sme-
re, ale menej intenzivne, tu pdsobil i pocet stoniek.
Naopak v negativnej korelacii s hmotou korefiov boli po-
Zet rastlin, dlzka odnoZovacej zény i objemova hmotnost
porastu. Pozoruhodné je, Ze na hriibke hlavného koreiia
sa eSte aj v trefom roku vegeticie prejavilo reziduum
podsevu. Rozdiely medzi odrodami v hribke koreiia pod
ki¢ikom i 250 mm v pdde indikuji, Ze napriek absencii

ROSTLINNA VYROBA, 43, 1997 (9): 431-438

rozdielov v hmote korefiov mbéZu byt medzi odrodami
odliSnosti v Struktire korefiovej hmoty (Brar et al.,
1990). V naSom pripade moZno predpokladat, Ze na tych-
to rozdieloch sa podielal aj pocet rastlin.

Dlzka zény odnoZovania mala sice najva&siu pre-
menlivost, avSak po pocte stoniek aj najmensi vplyv na
drodu. Tendencia jej negativneho ucinku dosiahla len
v jednom pripade preukazni drovefi. Medzi trodou
a morfologickymi znakmi korefiového kicika byva
obycajne slaba korelacia (Marquez-Ortiz et al.,
1992). Napriek tomu z prezentovanych analyz je zrej-
mé, e dlzka z6ny odnoZovania korelovala s vy¥kou
i hustotou porastu a s hmotnostou korefiov. Napriek
velkej premenlivosti tohto znaku vplyv rezidua podse-
vu tu vytrval aZ do tretiecho roku vegetacie.
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PovSimnutia hodné boli odli¥nosti v tvorbe trody
porastov z podsevu a z vysevu bez krycej plodiny.
Kym porasty z podsevoy tvorili irodu viac prostred-
nictvom vy¥ky ako objemovou hmotnostou, na poras-
toch z vysevu bez krycej plodiny mala va¢si vplyv ob-
jemovéa hmotnost porastu. Rastliny vSetkych odrod
lucerny z podsevov mali krat$iu zénu odnoZovania.
S prihliadnutim na predchadzajice vysledky s podse-
vom lucerny do jarného jaémeiia Jamri§ka, 1992)
mdZeme toto skritenie ponimat ako reakciu rastlin lu-
cerny na kryciu plodinu. Vys§iu drodu porastov z pod-
sevov oproti porastom vysiatym bez krycej plodiny
podmienila pravdepodobne tvrd$ia konkurencia v pod-
seve s vyselektovanim ZivotaschopnejSich jedincov
a snad i vicsi pocet kosieb na porastoch bez krycej
plodiny v roku sejby.

Co sa tyka odrdd, boli v tvorbe trody najvicsie od-
li¥nosti medzi odrodami Nitranka a Regia. Porasty od-
rody Nitranka tvorili drodu najma vy3kou, tento znak
tu ako jediny pdsobil vysokovyznamne. Porasty odrody
Regia tvorili irodu o poznanie viac objemovou hmot-
nostou ako vy$kou. Okrem toho jej troda zavisela od
hmotnosti korefiovej hmoty, ¢o pri odrode Nitranka,
popripade Rod D prakticky absentovalo. V Struktire
porastu sa tieto relacie prejavili vySSou hustotou poras-
tu odrody Regia, ktora si uchovala zretelne viagsi pocet
rastlin na rovnakej ploche. Nitranka vyuZivala teda
o poznanie horSie priestor dany vySkou porastu na tvor-
bu drody ako Regia. Aj pri odrode Rod D bola vyska
rozhodujicim faktorom idrody, hustota vyjadrend poc-
tom rastlin ju uZ obmedzovala. Napriek tomu tu bol
relativne najslabsi negativny vztah medzi potom rast-
lin a poétom stoniek na jednej rastline (najvy$si pocet
stoniek na rastline bol 3,07). Tvorbu drody odrody Pa-
lava ovplyviiovala vyS$ka porastu tieZ vyraznejsie ako
objemova hmotnost, navySe tu pozitivne posobila
hmotnost koreinov, pocet rastlin bol aj tu obmedzuji-
cim &initefom. S prihliadnutim na hodnoty poctu rast-
lin i stoniek a urody moZno predpokladat, Ze Palava
tvorila stonky s najvy§Sou a Rod D s najniZz§ou hmot-
nostou (1,16, resp. 0,94 g), ¢o naznacuje okrem envi-
ronmentalnej i geneticki podmienenost tohto ukazova-
tela (Volenec et al., 1987).

DI%ka odnoZovacej z6ny, resp. jej skratenie na rast-
lindch z podsevu svojim spdsobom signalizuje odli$ni
toleranciu odrdd alebo ich konkuren&ni schopnost pro-
ti krycej plodine. Pozoruhodnou je interakcia odroda x
reziduum podsevu, ktoré sa prejavila len v prvej kosbe,
a nie v drode za treti rok spolu Jamri§ka, 1993).
Prvy aspekt spoc¢iva v tom, Ze tato reldcia mé zaciatok
v podseve kukurice, pokraCuje v prvej kosbe druhého

roku JamriSka, 1995) a pretrvava do tretiecho roku.
Druhou pozoruhodnostou je, Ze len na porastoch z pod-
sevu v neskorom hybride (TO-MV 460) boli vyznamné
rozdiely v drodach odrdd lucerny a len odroda Regia
mala niZ8iu drodu na porastoch z podsevu tak v nesko-
rom hybride, ako aj na porastoch z vysevu bez krycej
plodiny. Naznaluje to $pecifickd toleranciu hybrida
TO-MV 460 a odrody Regia navzdjom a snad i vhod-
nost tejto odrody na podsev.
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REGULACIA BURINOVYCH DRUHOV HERBICIDMI
V RUDERALNOM TRAVNOM PORASTE

WEED SPECIES CONTROL BY HERBICIDES IN RUDERAL
GRASSLANDS

J. Novik, K. Cernusko, 8. Tyr

Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: In the years 1994 to 1996 14 herbicides were tested independently and in combination which were applied on
10 ruderal competitively strong species. They were in different facies of phytocenosis Rumicetum obtusifolii (Smarda et
al., 1963) on ruderal grassland with feeding value Kh < 4. The site was formed by eutrophized soil which in a 0 to 200 mm
depth (Tab. II) contained extremely high values of the total nitrogen (from 3,534 to 4,767 mg.kg") and potassium (from
533.75 to 641.87 mg.kg"). Secondarily synantropic plant community was formed on the original association of Lolio-Cyno-
suretum cristati R. Tx. 1937 by excessive over-fertilizing by cattle excrements during grazing season. By intensive footing,
particularly after rains, the sod was completely disturbed and ruderal species were established at skips. The results of the
research confirmed that in specific conditions of environment the control of undesirable perennial species was substantiated.
Some selective system herbicides were proved to be good. Of them, 71.42% were manifested by their excellent and very
good effect after application on the studied competitively strong weed species which prevailed before in the stand. After
applied minimum dose of herbicide, they receded to be close to the level of maximum marginal occurrence. Competitively
stronger were those weed species which stayed in the stand (Tabs III, 1V). It follows from changes in floristic composition
that by comparison of the treated stand with the control floristic group of grasses (Tab. III) was marked significantly by
increase of its share. Among them it was particularly Poa trivialis which by its above-ground shoots filled the skips very fast
(14.34 to 60.63%). The herbicides used did not cause damage to those grasses which formed the basis of the grassland. This
group participated the most in thickening of the sod cover after receding of controlled species and in most cases their
percentage increased. Floristic group of leguminoses was comparatively stable and of herbicides it was protected only by
Asulox 40. Floristic group of other herbs was most abundant. Of feeding-valuable species with Kh > 5 the greatest loss was
in eight variants in the species Taraxacum officinale. Achillea millefolium and Plantago lanceolata receded in five variants,
Alchemilla xantochlora, Carum carvi in two, and Leontodon autumnalis did not occur in four variants. Among frequently
occurring weed species with feeding value Kh < 4 (Tab. IV) only variant 3 was surface-treated with the species Rumex
obtusifolius where Asulox 40 was applied (100% effect). Slightly poisonous Ranunculus repens receded in seven of 14 tested
variants (Tab. I). The problem species seemed to be Anthriscus sylvestris on which Starane 250 EC and Banvel 480 had the
best effects. The most problem controlled species was Aegopodium podagraria which did not recede even after application
of herbicides Garlon 4, Duplosan DP and Garlon 4 + Lontrel 300 (93.50% effect). Phytotoxicity caused maximum damage
of 40.07% to valuable species in the grassland after application of selective system herbicides (Tab. V). In weed species after
control the threshold of noxiousness was recorded. Among selective system herbicides the greatest reduction of diversity was
recorded after application of herbicides Duplosan DP (12 species), U 46 M Fluid (11 species), Banvel 480 and Aniten I (10
species).

ruderal grassland; weed species control; herbicide; application; effect

ABSTRAKT: Skusali sme 14 herbicidov samostatne a v kombindcii, ktoré boli aplikované na 10 ruderalnych, konkuren¢ne
silnych druhoch s Kh < 4. Vyskytovali sa na eutrofizovanom stanovisti v ruderdlnom trivnom poraste. Vysledky vyskumu
potvrdili opodstatnenost reguldcie burinovych druhov. Osved¢ili sa selektivne systémové herbicidy a z nich 71,42 % sa
prejavilo s veImi dobrym a dobrym d&inkom. Problémovym druhom bol Anthriscus sylvestris a najproblematickej$im Aego-
podium podagraria, po regulacii ktorého iba dve kombinécie herbicidov spdsobili jeho tibytok. Odstranenim burin po regulécii
sa vytvorilo vysoké percento prazdnych miest, ktoré v prvom rade zapliiali vybezkaté druhy trav, najviac zahustujice macinu.
Voci floristickej skupine trdv boli herbicidy tolerantné, preto sa po reguldcii ich percentudlne ‘zastipenie ete zvySilo.
Leguminozy chranil iba Asulox 40. Pri hodnotnych druhoch v travnom poraste sme po aplikicii selektivnych systémovych
herbicidov zaznamenali maximalne 40,07% fytotoxicitu,

ruderdlny travny porast; reguldcia burinovych druhov; herbicid; aplikécia; u€inok
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Synantropné facie v travnych porastoch s prevahou
ruderélnych druhov ovplyvnené zooantropogénnou Cin-
nostou vznikli na Slovensku v poslednych desatroCiach
extrémnym prehnojenim dusikato-draselnymi Zivinami.
Formovali sa prostrednictvom exkrementov hospo-
darskych zvierat na stanovistiach, kde sa dlhodobo zdr-
Ziavali cez noc pocas pasienkového obdobia, alebo po
nadmernej aplikécii hnojovice. Na eutrofizovanych
plochich, kde bola po dazdoch dobytkom roz3liapana
macina, sa povodna fytocenéza zmenila na ruderdlny
trdvny porast, najcastej¥ie asociacie Rumicetum obtusi-
folii. Takéto stanoviStia sa stavaji semeniskom burino-
vych druhov, odkial sa rozsiruji do okolia. Ich podiel
narastd geometrickym radom a désledky pre ekoldgiu
krajiny si varovné (Noviak, 1992). Zaburinenost je
preto priamym doésledkom chyb pri obhospodarovani
a vyuZivani trdvnych porastov, hlavne na pasienkoch
pri tradi¢nom volnom paseni (Lackovié, Glej-
dirova, 1989) a v konkrétnych podmienkach zavisi
od stanovi$ta (Cernu$ko etal., 1994). Vplyvom &lo-
veka a zvierat sa narii§a homeostaza a vznikaji sekun-
darne spolocenstva rastlin (Falinsky, 1972; Jaro-
limek, 1986).

Pojem burina sa v minulosti prebral z ornej pody na
travne porasty (Munzar, 1930). Dnes tento nazov
nemad vieobecni platnost, av§ak sliZi na oznacenie ka-
tegérie rastlin, ktoré si v polnohospodarskej vyrobe
neZiadice. Byliny v trdvnom poraste spestruji travne
spolocenstvo, st cennou zloZkou a tvoria v kimnej dav-
ke viaczloZkovy krm. Je tu eSte stdle nezodpovedana
otazka, ¢i je a kedy je bylinny druh burinou (Stdh-
lin, 1963; Niggli, Dierauer, 1991). Novi filo-
zofia vylu€uje nézov burina v trdvnom poraste a nahradza
ho terminom sprievodny druh. Vychddza z myslienky,
Ze Ziadna rastlina nie je celkom neuZitoéna (Spatz,
1991). Pojem burina sa obmedzuje len na nehodnotné
aZz jedovaté, hrubobyInaté a zna¢ne lignifikované dru-
hy. Velmi nepriaznivo sa prejavuji v produkcii a kva-
lite nadzemnej fytomasy, maji nizku aZ velmi nizku
kimnu hodnotu a niektoré z nich m6Zu spdsobovat po-
ranenia zaZivacieho traktu (Klapp etal., 1953; Nig-
gli, Dierauer, 1991). Ich vyskyt treba po prekroceni
prahu Skodlivosti regulovat (Fischer, Schecht-
ner, 1991; Briemle, ElsdBer, 1992).

Neustile sa hladaji spdsoby reguldcie neZelanych
druhov v takto zmenenych spologenstvach, ktoré nie su
vhodné pre rastlinnd vyrobu. Radikalna obnova orbou
na ruderalizovanych stanovistiach, ak neberieme do
tvahy plytkd ornicu a moZznost erézie, je riskantna.
Fragmenty koreflovych hlavok, napr. Rumex obtusifoli-
us, majd velmi silnd regeneracni schopnost, preto me-
chanicky sposob reguldcie je diskutabilny. Podobné
problémy by nastali pri druhoch so silnou regeneracnou
schopnostou korefiovych vybezkov (Pino et al.,
1994). DoterajSie dlhodobé vysledky vyskumu potvr-
dzuji opodstatnenost regulicie burinovych druhov
priamym chemickym zasahom, ktory musia byt v sula-
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de s poziadavkami integrovanej ochrany rastlin a eko-
légie prostredia. Herbicidy aplikujeme len v takych
pripadoch, ak nemame istotu pri ich regulcii mecha-
nickymi prostriedkami. Treba pritom pocitat s tym, Ze
moZzu byt poskodené alebo zniCené aj niektoré hodnot-
né druhy (Klapp et al, 1953; Krajc¢ovi¢ a kol,
1968; Jeanin, 1971; Wagner, 1972; Lacko-
vié, 1972; Lackovi¢, Glejdiarova, 1989;
Niggli, Dierauer, 1991).

V travnych porastoch vzhladom na ochranu Zivotné-
ho prostredia predstavuji herbicidy najmensie nebez-
pecenstvo pre ludski populdciu. V hustej macinovej
vrstve maju znaénud disperzitu a v spojeni s ilovitymi
Casticami pddy prostrednictvom pddnej mikrofléry
a pddneho edafénu sa rychlejSie inaktivuju na neskod-
né formy ako na ornej pode (Nosberger, Opitz
von Boberfeld, 1986; Lackovic, Glejdu-
rova, 1989). PouZivanie registrovanych pripravkov
s prihliadnutim na sociologické a ekotoxikologické as-
pekty reguldcie je bezpeiné. Nebezpefenstvo vzniku
rakoviny cez rezidua z pesticidov je asi desattisickrat
mensie ako cez chemické substancie, ktoré rastliny ob-
sahuju, resp. syntetizuju pre vlastni ochranu proti cho-
robdm a Skodcom (Pestemer, 1991).

MATERIAL A METODA

Cielom rieSenia problematiky bolo zistit v priebehu
rokov 1994 az 1996 v nadmorskej vyske 600 m vplyv
aplikdcie vybranych herbicidov a ich kombinécii na
jednotlivé neZelané burinové druhy v trdvnom poraste.

Skimana plocha sa nachadzala v StraZzovskych vr-
choch (lokalita Chvojnica), na eutrofizovanom stano-
visti, kde sa mlady dobytok dlhodobo zdrZiaval cez noc
pocas pasienkového obdobia. Na bodovi aplikéciu zvo-
lenych herbicidov na jednotlivé burinové druhy, typické
pre facie ruderalneho travneho porastu, sme na skima-
nom stanovisti vybrali plochy 1 m? v Styroch opakova-
niach. Aplikaciu sme robili na jednotlivé buriny po
kosbe v stanovenej rastovej faze (150 az 200 mm vy-
soké a olistené rastliny pred kvitnutim) na 14 varian-
toch (tab. I, IV). Minimdlne dévky boli stanovené pod-

 la Metodickej prirucky na ochranu rastlin, odporic¢ané

vyrobcom. Pripravky boli riedené vodou v celkovom
objeme 200 az 400 Lha™! (tab. IV). Na postrek za sl-
ne¢ného pocasia a teploty do 25 °C bol pouZity maly
ruény postrekovac. Porasty sa vyuzivali pocas vegeta-
cie dvojkosnym systémom bez ndsledného hnojenia,
pretoZe v pdde bol dostatocny obsah Zivin (tab. II).

Floristické zmeny sme sledovali vo faciach ruderal-
nej fytocenézy Rumicetum obtusifolii projektivnou do-
minanciou (Braun-Blanquet, 1964). Porovnavali
sme floristické zloZenie oSetreného porastu s neoSetre-
nym (kontrola). Buriny predstavovali druhy s kimnou
hodnotou Kh < 4.

Na podrobnejSie hodnotenie ucinku herbicidov
10 burinovych druhov a fytotoxicity tradvneho porastu
sme pouZili medzinarodni bonita¢ni stupnicu EWRS —
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1. Varianty pokusu — Variants of the trial

Variant' Herbicid? Utinna litka® Mnozstvo* (g.1-!)
1. Lontrel 300 clopyralid 300
2, Starane 250 EC fluroxypyr 250
3. Asulox 40 asulam Na-sol® 400
4. Banvel 480 dicamba 480
s. U 46 M Fluid MCPA 500
6. Aniten | dicamba + flurenol + MCPA 25 + 44 + 295
s Duplosan DP dichlorprop-P 600
8. Garlon 4 triclopyr | 480
9. Glyphogan 480 SL glyphosate 480
10. Lontrel 300 + Starane 25 EC clopyralid + fluroxypyr 300 + 250
1. Garlon 4 + Lontrel 300 triclopyr + clopyralid 480 + 300
12. U 46 M Fluid + Lontrel 300 MCPA + clopyralid 500 + 300
13. U 46 M Fluid + Banvel 480 MCPA + dicamba 500 + 480
14. U 46 M Fluid + Starane 250 EC MCPA + fluroxypyr 500 + 250
'variant, 2herbicide, “active ingredient, amount, “salt
II. Agrochemické vl i pody — Agrochemical properties of soil
1 2
P(lrir‘\)rl::; (mgl:tlg") (mg.ig") (mgix") BH ¥RC l-ll(|;l)ls (C‘% s,
0-100 4 767,12 230,05 641,87 574 531 3,08 6,46
101-200 3 534,20 159,17 533,75 542 495 2,87 8,12
201-300 2 394,14 107,45 511,25 521 4,48 2,6 10,86
301-400 121223 80,72 498,70 4,56 3,46 2,01 16,58
401-500 626,15 29,38 445,05 432 2,76 1,63 25,55
501-600 350,15 22,11 438,75 427 1,90 1,12 31,42
601-700 222,80 16,88 438,00 4,25 1,38 0,86 3591

'deplh, 2humus

European Weed Research Society (Koji¢, Janjic,
1996). Po Styroch tyZdiioch od aplikacie sme ucinok
vyhodnotili bodmi 1 aZ 9 a slovne.

Dusik celkovy (N,) bol stanoveny podla Kjeldahla,
pristupny fosfor podla Egnera, pristupny draslik podla
Schachtschabela, pH v KCI, uhlik oxidovatelny (C,,),
z Cyy a N, bol vypocitany pomer C : N.

Vychadzali sme zo Styroch opakovani, ¢o umozZnilo
hodnoverne porovnat rozdiely vypocitanych velicin
medzi kontrolou a variantmi po aplikécii uréenymi her-
bicidmi tak, aby sa dal zhodnotit icinok podla tabulky
EWRS.

VYSLEDKY A DISKUSIA

Cielom experimentu bolo herbicidmi regulovat bu-
rinové druhy zo skupiny dvojkli¢nolistovych (Dicoty-
ledonae) s kfmnou hodnotou Kh < 4 pod neskodnii teo-
retickd hranicu, pripadne ich odstranit, a chranit pritom
krmovinarsky hodnotné druhy, hlavne jednokli¢nolis-
tové (Monocotyledonae).

ROSTLINNA VYROBA, 43, 1997 (9): 439-448

Sekundarne rastlinné spoloéenstvo Rumicetum obtu-
sifolii (Smarda etal., 1963) sa vytvorilo na pévodnej
asociacii Lolio-Cynosuretum cristati R. Tx. 1937 nad-
mernym prehnojenim exkrementami dobytka. Stano-
viste tvorila na Ziviny bohata eutrofizovana pdda, kde
v hibke 0 a% 200 mm boli hodnoty celkového dusika
od 3 534,00 do 4 767,00 mg.kg'l a pristupného drasli-
ka od 533,75 do 641,87 mg.kg™!. Obsah Zivin sa s pri-
budajicou hlbkou postupne zniZoval (tab. II). Intenziv-
nym roz§liapanim, hlavne po daZdoch, sa macdina
celkom narusila, vznikli prizdne miesta, na ktorych sa
udomacnili vzrastné hrubostebelné, znacne lignifikova-
né druhy, ktoré okrem Anthriscus sylvestris (Kh = 4)
zvieratd neprijimali a tvorili pre dobytok bezcennii nad-
zemnu fytomasu.

S myslienkou (Spatz, 1991), Ze Ziadna rastlina nie
je celkom neuZito¢nd, sthlasime, pretoZe aj z burin
(Kh £ 4) sa niektoré vyuZivaji v humannej medicine
ako lieCivé rastliny, napr. korefi Rumex obtusifolius,
pripadne Arctium lappa a koreii a viiat Chenopodium
bonus-henricus. Z ostatnych bylin sa za lieCivé rastliny
povazuju Achillea millefolium, Alchemilla xantochlora,
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III. Floristické zloZenie ruderdlneho trdvneho porastu (v % D) pred a po aplikdcii herbicidov — Floristic composition of ruderal grassland

Variant®
Skupina' Druh? Kh 1. 2. 3; 4. 5.
1. 1. L 11 k 11 i 11 I 11
Agrostis tenuis Sibth 7A
Bromus mollis L. 3 535( 535
Cynosurus cristatus L. 6 |12,10] 1570
Dactylis glomerata 7 + + 8,05(10,12| + +
Trévy* Elytrigia repens (L.) Desv. 6
Festuca pratensis Huds. 8
Lolium perenne L. 8 247| 5,12| 6,12 6,30 5.45| 8,15]1590] 16,00
Poa trivialis L. 7 6,39 15,47 | 18,90|31,55|40,15(61,03| 7,24| 14,12 14,15 25,00
20,96 | 36,29 [ 30,37 | 43,20 | 40,15 | 61,03 | 20,74 | 32,39 | 30,05 | 41,00
Trifolium pratense L. 7 327 -
Leguminézy® Trifolium repens L. 8 |[14,52]| 8,16] 2,07| + 6,10] 6,10 4,00 2,00{13,13[ 9,10
14,52| 8,16| 534| - 6,10( 6,10| 4,00| 2,00|13,13| 9,10
Acetosa pratensis Mill. 1
Achillea millefolium L. 5 + = 1,30 1,30 + - 1.45] 0,84
Aegopodium podagraria L. 3 |11,63(11,63 4,13| 4,13| 3,19 3,19
Alchemilla xantochlora Rothm. 5 + -
Anthemis arvensis L. 2 7,16 - + -
Anthriscus sylvestris (L.) Hoffm. 4 4,15| 4,15| 7.6 - + 13,10 - 1,75| 0,97
Arctium lappa L. 1 045| + 045 045
Cupsella bursa-pastoris (L.) Med. 1 + - + + 043 -
Carum carvi L. 5 475| 4,75 032| -
Chenopodium bonus-henricus L. 3 13,95 - 565| -
Cirsium arvense (L.) Scop. 2 |1500| - 037| + 6,12 - |11,25( -
Fragaria vesca L. 2
Galeopsis tetrahit L. 2 248| -
Galium mollugo L. 3 6,30 - + -
Ostatné byliny® Geranium pratense L. 2 10,12 - [12,00] -
Geranium pusillum L. 2 5201 5,20
Glechoma hederacea L. 1
Heracleum sphondylium L. 4
Melandrium album (Mill.) Garcke | 2
Leontodon autumnalis L. 5
Plantago lanceolata L. 6 =
Plantago media L. 2 -
Polygonum aviculare L. 1 + - + -
Potentilla erecta (L.) Riuschel 2
Ranunculus repens L. 2 + + |16 14,55 13,22 - |ILIO| -
Rumex obtusifolius L. | 11,60/ - [30,04| - 520| -
Stellaria media (L.) Viv. 3 (1015 - LI3| '+ + - 0,45 0.58| 0,40
Taraxacum officinale Web. 5 812 - 450 + 1,00 1,00 577| 040| 6,24| -
Urtica dioica L. | 0,85 0.85| 6,02 - + - + -
Veronica chamaedrys L. 2 1,35 1,35 + + 1,20 1,20
63,16(22,73(72,2 |21,05|31,84| 1,00|73,51| 4,9855,16| 6,60
. 1,36|32.82| 2,14(35.75|21.91|31,87| 1,75|60,63| 2,66(43.30

L floristické zloZenie v % D pred aplikéciou herbicidov (kontrola) - floristic composition in % of D before application of herbicides (control)

11 floristické zloZenie v % D po aplikécii herbicidov — floristic composition in % of D after application of herbicides

Kh - kfmna hodnota - feeding value (Klapp et al., 1953)

* burinové druhy v ruderdlnom triavnom poraste — weed sp

in ruderal gr

d

1 S R e i A
group, “species, ~variant, ‘gmsses, *leguminoses, other herbs, 'weed species in ruderal grassland
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(in % of D) before and after application of herbicides

Variant?
6. 7 8. 9. 10. 11, 12. 13. 14.
I 1L I L. I 1L I 1L I L. I 1L I. 1L I L. I L.
142 1,52 12| - 3,50| 595
1,45 1,50
525| 525 sso0f 1367| 6.87] 7,12 533| 856 20,25| 28.15| 839| 10,13| 7.77| 9.87
+ + 4,82
232| 232| 04s| 062 247 +
1140| 11,40| 250| 7,50 10,5 | 1433| + + | 201 | 26,18 15,10] 32,00( 20,15| 27.90| 15,10| 25,15| 5.14| 10,35
165 | 2525| 825 1830| 7.85| 16.,12| 1089| + | 7.47| 1820| s.12| 25.01 7.33| 18,20 8,52 1530
35.41| 44,22| 16,70| 40,09| 26,66| 39,09| 19,30 + | 32,92| 52,94| 21,67/ 58,51 40,40 56,05| 30,82 | 53.48 | 24,93| 41,47
627 - | 566| -
600 320| 333] - | 852| - | 367 6,15 - 505| - 478 - | 1000 -
600 320| 333| - | 852| - | 367 - | 615] - | s0s| - | 627 - |14 | - |1000] -
083 - 7 _
1,25| 048] + = 095 42| - 3,19 - 242| +
20,00 288 671 - |[1350 172 | 163 [ 13,06 + | 3.82| 1.00| 455| 455 635 2,12
042| - 1,73| 1,713
6,55 -
505| 1,50 22,0 | 125 1505 + 1230 + | 815 8.15| 519| + | 1053 437
500 - 16,17| -
+ - + +
L16| + | 243| 243| 32| -
545 - | 50| - 225 -
+ - 140 - | 310 - | 61s| + | se3| - + < |-6a8l = + -
258 -
- 2 0,71
+ - ,83 - 0,28 + 3,10 -
13,50 - 3] - 637 - 11,8 | - |1305| -
250 - + + + | 1360| 505 505 '
% 3 185 -
1 3,94 12| -
+ +
A 125 - 167 - - + =
& 077| - = + =
17| - 172| - 045| 0,15
+ - | 030 - 065 - L2l -
035| - + = 270| 270] " 1.07| 1,07
158 | - 333| 333|122 | 1050 717 - | 1870| 995 128 | - | 7.15] 4,10
2,15| - 835| - |1400| - 735 + | sa2| -
= | 052 = + = + - | 245| 245 288 -
1030 - 350 - | 705 + | 700 + | 425| - | 8s0| - |75 - | 9us| + | a79| -
125 021]| 615 - | 615 +
+ | 072] 085 + + | 210 + | 315 - + | 312] 145] -
56,60| 1,50| 77.3 | 13,52] 62,78| 10,50| 74,54| 13,60| 59.60| 32.72]| 61,79 - | s1.78| 14 | 557 | 1037] 63.37| 13,54
199 5041| 2,63| 4639 2,04| 50.41| 2.49| 86.40| 1.33| 1434 11.49| 41.49| 1.55| 29.92| 3.06| 36,15 1.70| 44,39

Capsella-bursa pastoris, Carum carvi, Fragaria vesca,
Galeopsis tetrahit, Glechoma hederacea, Plantago lan-
ceolata, Polygonum aviculare, Potentilla erecta, Tara-
xacum officinale a Urtica dioica. Ako uvadza Sce-
hovic (1993), vicsina tychto druhov pre vysoky obsal
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sekundarnych metabolitov pdsobi vo vyZive hospo-
dérskych zvierat antinutri¢ne. Index potencialnej nega-
tivnej aktivity (IANP) sa pri sledovanych druhoch zni-
Zuje v poradi: Geranium (234), Alchemilla (224),
Leontodon (184), Taraxacum (174), Rumex (136),
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IV. Hodnotenie éinku herbicidov podla bonitacnej ice EWRS — Evaluation of the effect of herbicides by judging scale of EWRS

J P

Ogetrenie herbicidom? R i
Burinové Rastov4 Mp™* o Ucinok
druhy™! fiza® (%) | druh herbicidu* ks it
herbicid® | voda’ %o slovne’ hodnota'”
Garlon 4 3 400 97,50 | velmi dobry'* 2
Duplosan DP 4 300 85,60 | dostatoény'? 5
Adgapodiii do!! " Glyphogan 480 SL 3 200 97,50 vel’mi dobr‘yz , 2
podagraria L. | 20 cm Lontrel 300 + Starane 250 EC 1+.1,5 300 5,01 | velmi slaby 8
U 46 M Fluid + Starane 250 EC | 0,8 + | 300 66,61 | slaby?! 7
U 46 M Fluid + Lontrel 300 1L5+1 300 73,82 | slaby 7
Garlon 4 + Lontrel 300 3+1 400 97,50 | veImi dobry 2
Anthemis pred 3 Lontrel 300 038 300 100,00 | vyborny?? 1
arvensis L. kvetom'? i Aniten I 3.5 300 100,00 | vyborny 1
Banvel 480 4 400 100,00 | vyborny |
Starane 250 EC 1,5 300 100,00 | vyborny 1
Aniten | 4 300 70,30 | slaby 7
Anlhri.u:u e W o 3 U 46 M Fluid 2,8 300 4571 | velmi s.l-nb'):3 8
sylvestris (L.) Duplosan DP 4 300 94,33 | uspokojivy 4
Glyphogan 480 SL 5 200 97,50 | veImi dobry 2
U 46 M Fluid + Starane 250 EC 0,8+ 1 300 58,50 | slaby 7
U 46 M Fluid + Banvel 480 L5+1 300 97,11 | dobry 3
Garlon 4 + Lontrel 300 3+1 400 97,50 | velmi dobry 2
. Garlon 4 3 400 100,00 | vyborny 1
2;,:':?: listy'? 3| Asulox 40 3 300 | 6667 |slaby 7
Garlon 4 + Lontrel 300 3 400 100,00 | vyborny 1
Banvel 480 4 400 100,00 | vyborny 1
Chenopodium Aniten I 4 300 100,00 | vyborny 1
bonus- Ef,i‘fom 3 U 46 M Fluid 2.8 300 100,00 | vyborny 1
-henricus L.
Glyphogan 480 SL 5 200 100,00 | vyborny 1
Duplosan DP 2 300 100,00 | vyborny 1
Lontrel 300 1 300 100,00 | vyborny 1
U 46 M Fluid 2,8 300 100,00 | vyborny 1
Asulox 40 3 300 59,46 | velmi slaby 8
fr’::'r:w'g iy od4 5 B.nnvel 480 4 400 100,00 | vyborny |
Scop. k 15-20 cm > Garlon 4 3 400 100,00 | vyborny 1
Duplosan DP 2 300 100,00 | vyborny 1
Glyphogan 480 SL 5 200 97,50 | velmi dobry 2
Lontrel 300 + Starane 250 EC 1+15 300 100,00 | vyborny 1
U 46 M Fluid + Lontrel 300 1.5 300 100,00 | vyborny 1
Banvel 480 4 400 100,00 | vyborny 1
Aniten [ 4 300 100,00 | vyborny 1
Garaniain e 8 Garlon 4 . 3 400 100,00 V)jbomy: 1
pratense L. kvetom U 46 M Fluid 2,8 300 100,00 | vyborny 1
U 46 M Fluid + Lontrel 300 1,5 300 100,00 | vyborny 1
U 46 M Fluid + Banvel 480 1,5 300 100,00 | vyborny 1
U 46 M Fluid + Starane 250 EC | 0,8 + 1 300 100,00 | vyborny 1
Banvel 480 4 400 100,00 | vyborny 1
i st : Aniten 1 4 300 | 100,00 | vyborny I
repens L. kvitnutia'® b U 46 M Fluid 2,8 300 100,00 | vyborny 1
Starane 250 EC 1,5 300 9,18 | velmi slaby 8
Garlon 4 3 400 13,72 | vel'mi slaby 8
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Ofetrenie herbicidom® Cungl
Burinové Rastovi Mp** o Utinok!
druhy*! fiza® (%) | druh herbicidu® e dbe™)
herbicid® | voda” To slovne” hodnota'?
Glyphogan 480 SL 5 200 100,00 | vyborny 1
Ranunculus do e 3 Lontrel 300 + Starane 250 EC 1+15 300 46,79 | velmi slaby 8
repensL; kviigtiy U 46 M Fluid + Starane 250 EC | 0,8+ 1 | 300 42,66 | vemi slaby 8
U 46 M Fluid + Banvel 480 1,5+ 1 300 100,00 | vyborny |
Banvel 480 4 400 100,00 | vyborny 1
Asulox 40 3 300 100,00 | vyborny 1
Starane 250 EC 1.5 300 100,00 | vyborny 1
Rumex ruzica 3 Duplosan DP 2 300 100,00 | vyborny 1
obtusifolius L. | listov
Garlon 4 3 400 100,00 | vyborny 1
Garlon 4 + Lontrel 300 3+ 400 97,28 | dobry 3
U 46 M Fluid + Lontrel 300 1L,5+1 300 96,09 | dobry 3
Glyphogan 480 SL 5 200 100,00 | vyborny 1
Starane 250 EC 1.5 300 100,00 | vyborny 1
Urtica pred y 5 Garlon 4 3 400 100,00 | vyborny |
homs 7 - .
dloica’L, kyetom Duplosan DP 4 300 83,20 | nedostatotny? | 6
Glyphogan 480 SL 200 97,50 | velmi dobry 2
EEWRS — European Weed Research Society
“burinové druhy s kfmnou hodnotou K < 4 — weed species with feeding value of Kh < 4
Mp - maximilny podiel v poraste (hranica Skodlivosti) —~ maximum share in the stand (threshold of noxiousncssg
'weed species, “growth stage, 3treatment with herbicide, 4typc of herbicide, “dose, ®herbicide, "water, “effect, wording, Yyalue, ”up.

2 4 s .
Zpefore anthesis, "leaves, '*from, "to anthesis,
zzexcellent, z:‘f:wour:ll:ale. 24insufficient

Plantago (126), Achillea (124), Galium (104). Ak pre-
sahuje hodnotu 100 aZ 150, si tieto druhy mdlo priji-
mané dobytkom. Uvedené vysledky si v rozpore s hod-
notami, ktoré uverejnili Klapp et al. (1953). Podla
nasho nézoru byliny Alchemilla, Leontodon, Plantago
a Taraxacum s kimnou hodnotou Kh = 5 patria medzi
hodnotné druhy a zvieratd ich na pasienku velmi radi
spasaju.

Jednou z priamych metéd regulacie burinovych dru-
hov bola aplikacia selektivnych systémovych herbici-
dov a ich kombinécii. Za Styri tyZdne po aplikécii sa
naru$ili existujuce, relativne stabilné konkurencné
vztahy v ruderdlnom travnom poraste. Po¢itali sme aj
s ur€itym rizikom poskodenia alebo uplného odstrane-
nia hodnotnych bylinnych druhov a leguminéz.

Vysledky vyskumu potvrdili, Ze v Specifickych pod-
mienkach na stanovisti s ruderdlnym trdvnym porastom
bola regulicia neZelanych vytrvalych druhov (hemi-
kryptofytov) opodstatnena. Pri zvolenej minimalnej
davke (odskufali sme viac alternativ jednotlivych her-
bicidov a ich kombindacii od minimalnej po maximalnu,
ktoré nie st v préici uvedené) bolo dbleZité dosiahnut
maximalny ucinok, a tym aj ekonomicky a zlepSovaci
efekt obnovou kvalitativnych parametrov, ktoré urlo-
vali zostdvajice druhy v trdvnom poraste. Na jednej
strane blokovali rast a vyvoj druhov, voéi ktorym boli
herbicidy fytotoxické, na druhej strane umoZziiovali ne-
ruseny rast a vyvoj druhov k nim tolerantnych, v om
sme sa stotoZnili s publikovanymi tddajmi (Lacko-
vié, Glejdarova, 1989).
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rosette of flowers, "before anthesis, "very good, Ysufficient,

20, 1
very poor, “ poor,

Pri regulacii neZelanych, konkurenéne silnych buri-
novych druhov sa osvedCili vybrané selektivne systé-
mové herbicidy, z ktorych 71,42 % sa prejavilo vybor-
nym aZ velmi dobrym d&inkom (tab. IV). Prevahu
nadobudli konkuren¢ne silnejSie z tych, ktoré zostali
v poraste. Zo zmien vo floristickom zloZeni vyplyva,
Ze porovndvanim o3etreného porastu s kontrolou sa vi-
ditelne prejavovala zvySovanim svojho podielu floris-
tickd skupina trav (tab. III), najmé Poa trivialis. Svoji-
mi nadzemnymi vybezkami velmi rychlo zapliiala
vytvorené prazdne miesta (14,34 aZ 60,63 %). Najvacsi
percentudlny ndrast trav bol na variante 3 po aplikdcii
herbicidu Asulox 40. Z jednokli¢nolistovych druhov,
po ustupe druhu Rumex obtusifolius, dominovala nad-
zemnymi vybezkami Poa trivialis. PouZité herbicidy
boli tolerantné voci travam, ktoré tvorili zdklad travne-
ho porastu. Tato skupina najviac zapliiala prazdne
miesta po reguldcii a vo vicSine pripadov sa jej percen-
tudlne zastipenie edte zvysilo.

Floristicka skupina leguminéz bola labilna, druhovo
pomerne slabo zastipena a z herbicidov ju chranil iba
Asulox 40. Floristicka skupina ostatnych bylin bola na-
opak druhovo najbohatSia. Najvicsie ubytky percen-
tudlneho podielu druhu v skupine sme zaregistrovali na
Osmich variantoch pri krmovindrsky hodnotnej byline
Taraxacum officinale s Kh 2 5 (tab. III). K 100% tbyt-
ku doslo pri menej zastipenom druhu Achillea millefo-
lium na piatich z 10 skasanych variantov. Zo §irokého
spektra herbicidov s réznymi Ginnymi latkami, napr.
clopyralid, dicamba a triclopyr, spdsobilo tstup druhu
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V. Hodnotenie fytotoxicity podla bonitaénej stupnice EWRS — Evaluation of phytotoxicity by judging scale of EWRS

Hodnotné druhy' Mp™ Herbicid? ByvoRici"
(%) % hodnota*
Starane 250 EC 100,00 9
Trifolium pratense L. 20 U 46 M Fluid + Lontrel 300 100,00 9
U 46 M Fluid + Banvel 480 100,00 9
Lontrel 300 43,80 7
Starane 250 EC 92,75 8
Asulox 40 0 1
Banvel 480 50,00 7
U 46 M Fluid 30,53 6
Aniten [ 46,67 7
Trifolium repens L. 25
Duplosan DP 100,00 9
Garlon 4 100,00 9
Glyphogan 480 SL 100,00 9
Lontrel 300 + Starane 250 EC 100,00 9
Garlon 4 + Lontrel 300 100,00 9
U 46 M Fluid + Banvel 480 100,00 9
U 46 M Fluid + Starane 250 EC 100,00 9
Starane 250 EC 0 1
U 46 M Fluid 42,07 .
Duplosan DP 61,60 b §
Achillea millefolium L. 10 Glyphogan 480 SL 80,00 8
Lontrel 300 + Starane 250 EC 100,00 9
U 46 M Fluid + Lontrel 300 100,00 9
U 46 M Fluid + Banvel 480 93,80 8
Alchemilla xantochlora Rothm. 10 Byplosn D 190,00 2
U 46 M Fluid + Starane 250 EC 0 1
Lontrel 300 0 I
U 46 M Fluid 53,13 7
Carum carvi L. 10 Garlon 4 + Lontrel 300 87,07 8
U 46 M Fluid + Lontrel 300 0 |
U 46 M Fluid + Banvel 480 100,00 9
Leontodon autumnalis L. 10 Glyphopan:450/SL. 100,00 2
Lontrel 300 + Starane 250 EC 100,00 9
Plantago lanceolata L. 1S Lontrel 300 + Starane 250 EC 100,00 9
Lontrel 300 100,00 9
Starane 250 EC 96,67 8
Asulox 40 0 |
Banvel 480 93,07 8
U 46 M Fluid 100,00 9
Aniten | 100,00 9
Taraxacum officinale Web. 15 Duplosan DP 100,00 9
Garlon 4 97.17 8
Glyphogan 480 SL 97,18 8
Lontrel 300 + Starane 250 EC 100,00 9
Garlon 4 + Lontrel 300 100,00 )
U 46 M Fluid + Lontrel 300 100,00 9
U 46 M Fluid + Banvel 480 97,82 8
U 46 M Fluid + Starane 250 EC 100,00 9

EWRS - European Weed Research Society

:.hodnomé druhy (okrem triv) s kimnou hodnotou Kh 2 5 - valuable species (except grasses) with feeding value of Kh 2 5
Mp - maximdlny podiel v poraste — maximum share in the stand

!valuable species'. herbicide, “phytotoxicity, *value
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pit pripravkov (tab. I, II). Alchemilla xantochlora sa
neobjavila po aplikéacii dvoch herbicidov s G¢innymi
latkami dichlorprop-P a MCPA, podobne Carum carvi
na dvoch z piatich variantov s i¢innou latkou MCPA.
Leontodon antumnalis sa nevyskytoval na variantoch 8,
10, 11 a 13 po zaradeni herbicidov s i¢innymi latkami
triclopyr, clopyralid, dicamba, MCPA a podobne Plan-
tago lanceolata na variantoch 5, 8, 10, 11, 12, kde boli
aplikované herbicidy s uc¢innymi latkami MCPA, triclo-
pyr a clopyralid. Bodovym postrekom herbicidmi na va-
riantoch boli chranené krmovinarsky hodnotné byliny.

Z floristickej skupiny ostatnych bylin sme venovali
pozornost reguldcii Casto sa vyskytujucich burinovych
druhov s Kh < 4 (tab. IV). Plo$ne oSetreny bol len
variant s druhom Rumex obtusifolius pre jeho vysoky
podiel (30,02 %). Pouzili sme Asulox 40 s ucinnou
latkou asulam (100% ucinok). Buchgraber,
Resch (1991)a Fischer, Schechtner (1991)
to potvrdzuji podobnymi vysledkami. Na ostatnych va-
riantoch s jeho niZSou dominanciou po bodovej aplika-
cii Starane 250 EC, Banvel 480, Duplosan DP a Garlon 4
s ucinnymi latkami fluroxypyr, dicamba, dichlorprop-P
a triclopyr bol tieZ zaznamenany jeho celkovy tstup.
Efektivnost chemickej regulacie potvrdzuje Pino et
al. (1994). Vysoka regenerand schopnost korefiovej
hlavky druhu Rumex obtusifolius neumoziiuje mecha-
nicky sposob jeho regulacie radikalnou obnovou pomo-
cou orby spojenej s predsejbovou pripravou pddy.

Za zmienku stoji regulacia obavaného burinového,
mierne jedovatého Ranunculus repens, ktory sa na
prazdnych miestach velmi rychlo roz8iroval nadzemny-
mi vybezkami. Zo siedmich skd$anych pripravkov po-
lovica (Banvel 480, Aniten I, U 46 M Fluid a U 46 M
Fluid + Banvel 480) s u¢innymi latkami MCPA a di-
camba sposobila totdlne odstrinenie tohto druhu.
Buchgraber, Resch (1991) pri pouziti §iestich
selektivnych herbicidov zaznamenali slaby d¢inok po
aplikacii Starane 250 EC a Garlon 4 (Garlon L 60
s inym zloZenim). Problémovym druhom pri regulécii
bol Anthriscus sylvestris, pri ktorom zo selektivnych
systémovych herbicidov so 100% tu¢inkom pdsobili len
Starane 250 EC a Banvel 480 na baze G¢innych latok
fluroxypyr a dicamba. Buchgraber, Resch
(1991) pri pouZiti pripravku Banvel MP (iné zloZenie)
uvddzaju len 41% ucinok. Najproblematickej§im zo
skupiny bol Aegopodium podagraria. Na dvoch varian-
toch (1, 10) sa svojim podielom ani po oSetreni herbi-
cidmi nedostal pod droveii prahu $kodlivosti. Najlepsie
zo selektivnych herbicidov pdsobili Garlon 4, Duplo-
san DP a Garlon 4 + Lontrel 300 s a¢innymi latkami
triclopyr a dichlorprop-P (93,50 %). Je potrebné spo-
menit jedno- aZ dvojrocny terofyt Geranium pusillum
(13,6 %, roz8ireny po aplikicii neselektivneho herbici-
du Glyphogan 480 SL) a trvici druh Veronica chama-
edrys, ktoré sa ako neZelané druhy nepriaznivo podie-
Tali na zapliiani prazdnych miest po vypadnuti burin.

Fytotoxicita (poSkodenie krmovinarsky hodnotnych
druhov v travnom poraste) bola 45,66 %, z toho po apli-
kécii selektivnych systémovych herbicidov 40,07 % a pri
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pouZiti neselektivneho herbicidu Glyphogan 480 SL az
96,16 % (tab. V). Maximélny 8% podiel bol tolerovany
pri Aegopodium podagraria, Anthriscus sylvestris
a Geranium pratense, pri ostatnych kritickd hodnota
neprekrocila hodnoty 3 aZ 5 %. Podobné vysledky uvé-
dzaji Nosberger et al. (1986), Galler (1989)
aBriemle, ElsdBer (1992). Zo selektivnych
systémovych pripravkov doslo k najvaésiemu poklesu
diverzity rastlinnych druhov pri herbicidoch Duplosan
DP (12 druhov), U 46 M Fluid (11 druhov), Banvel 480
a Aniten I (10 druhov). Ubytok druhov po chemickom
oSetreni sa mdZe doplnit prisevom kultirnych hodnot-
nych druhov (Novik, 1992).
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TVORBA A KOMPENZACE VYNOSOVYCH PRVKU
U VYBRANYCH ODRUD JARNIHO JECMENE

FORMATION AND COMPENSATION OF YIELD COMPONENTS
IN CHOSEN SPRING BARLEY GENOTYPES

M. Flasarova, M. Onderka

Agricultural Research Institute, Ltd., Kromé¥iz, Czech Republic

ABSTRACT: In 1989, 1990 and 1991, formation, reduction and compensation of yield components in chosen spring barley
genotypes (Galan, Akcent, Ladik, Heran) were quantitatively analysed at decisive stages of organogenesis and under different
environmental conditions: weather conditions of the year and N-fertilization (60 and 90 kg of pure nutrients per 1 ha). A basic
method used for statistical estimation was analysis of variance of two-fold classification with replications. The Tukey test
was used to verify differences between individual mean values of variants. The objective of the study was to characterize
formation, reduction and compensation of yield components in different spring barley genotypes, and to determine effects of
increased N-rates on formation and utilization of yield potential. Data on characteristics of investigated genotypes are given
in Tabs I and II. The genotype Galan showed lower tiller formation, however, a high percentage of their fertility. It had both
high potential and actual spike productivity. The genotype Akcent developed a high number of tillers, however, intensity of
their formation was lower at the earliest growth stages and tillers were considerably reduced. It produced an average number
of florets and kernels per spike and reached a low kernel weight. The genotype Ladik exhibited lower intensity of tiller
formation and a number of the tillers was less reduced. It produced a high number of florets per spike which was, however,
strongly lowered. It was characteristic by a high kernel weight. The genotype Heran showed intensive tillering and developed
tillers were considerably reduced. It had a low number of both florets and kernels per spike. A spike weight was higher.
These results prove that with regard to breeding for production potential genotypes with both high yield potential and'its
realization are suitable. Weather conditions of the years influenced the plant growth and development, and associated
processes of formation and reduction of yield components (Tabs IIT and IV). The early growth stages were very important;
they influenced a number of tillers and, based on the intensity of their formation, also productive density of the stand. At
higher intensity of tiller formation till stage V of organogenesis a spike number per unit area increased. The increase was,
however, insignificant. Not only a number of founded florets but as well as their reduction was decisive for a kernel number
per spike. There was no relationship between a number of developed florets and a final kernel number per spike. Yield
differences were caused by spike productivity, and especially by kernel weight. Effects of nitrogen on formation and reduction
of yield components are presented in Tabs V and VI. Under intensive conditions of the sugarbeet growing region, after
sugarbeet as a forecrop, an increased N-rate (90 kg.ha") improved potential stand productivity (tiller and floret formation),
but did not significantly affect its sink. It significantly decreased kernel weight and thus spike productivity and grain yield.

spring barley; yield components; genotype; nitrogen rate

ABSTRAKT: V rozhodujicich etapich organogeneze byly v roce 1989, 1990 a 1991 kvantitativn& analyzovény rozdilné
genotypy jarniho je¢mene (Galan, Akcent, Ladik, Heran) p&stované po predploding cukrovce, na dvou drovnich hnojeni
dusikem (60 a 90 kg &. Z. na | ha). Byla zjiSténa specifickd dynamika utvafeni a redukce odnoZi i kvitki ve vztahu ke
genotypu a podminkdm prostfedi. O poétu zaloZenych odnoZi a kvitkil nerozhodovala jen délka obdobi vytvifeni, ale i rych-
lost jejich tvorby. Pro jejich kone¢nou realizaci byl duleZity nejen jejich vytvofeny podet, ale i vyse jejich redukce. Nebyla
zjiSté€na zavislost mezi po¢tem vytvofenych kvitki a konednym poétem obilek v klasu. Zvy3end dévka dusiku podporovala
potencidlni produktivitu porostu (tvorba odnoZi a kvitku), vyznamné vak neovlivnila jeho GloZnou kapacitu (podet obilek na
1 m?). Prikazné sniZila hmotnost obilky, a tim i produktivitu klasu a vynos zrna. Vysledky prokézaly, Ze z hlediska $lechténi
na produkéni schopnost jsou vhodné genotypy nejen s vysokym produk&nim potencidlem, ale i s jeho vysokou realizaci.

jarni je¢men; vynosové prvky; odrida; divka dusiku
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Vedle empirickych poznatki o zlepSeni organizace
a chemizace rostlinné vyroby se stile vice uplatiiuji
poznatky o biologickych procesech a strukturach podi-
lejicich se na tvorb& vynosu zrna. \

Vynos je zavisly na vykonnosti produkéniho poten-
cidlu, ale zdroven i na velikosti organu ukladajicich
asimilaty, tj. na akumulaéni kapacit® (Natr, 1982;
Borojevié, 1983; Masle, 1985; Zemanek,
1990). Formoviéni obou sloZek je vymezeno genotypem
a modifikovdno vnéj§imi podminkami povétrnostnimi,
pudnimi a navozenymi podminkami prostiedi (Vrko ¢
et al.,, 1982; Faivre, Masle, 1988; Smocek,
1988; Ndatrova, 1989; Hubik, 1990; Hubik,
FlaSarova, 1992; Zimolka, 1996).

V prubéhu vegetaéniho obdobi se méni hodnoty fak-
torl vnéjSiho prostiedi a soucasné i rostliny prodélava-
ji fadu zmén b&hem ontogenetického vyvoje. Pro sys-
tém péstovani je duleZité znat, jak vSechny faktory
spolu vzdjemné souviseji a jak d¢inek zmény jedné
slozky ovlivni produktivni proces tak sloZité struktury,
jakou je porost.

V piedloZené prici je analyzovana tvorba a redukce
vynosovych prvki u vybranych genotypt jarniho jed-
mene v rozdilnych podminkéch prostredi.

MATERIAL A METODA

Experimentalni prace probéhly jako maloparcelkové
polni pokusy v Zemédélském vyzkumném ustavu Kro-
méfiz, s. 1. 0., v letech 1989, 1990 a 1991 s genotypy
jarniho je¢mene péstovanymi po pfedplodiné cukrovce.
V rozhodujicich etapich organogeneze (Kuperman,
1963) byla kvantitativné analyzovéna tvorba, redukce
a kompenzace vynosovych prvka u genotypi Galan,
Akcent, Ladik a Heran na dvou drovnich hnojeni dusi-
kem (60 a 90 kg & Z. na 1 ha) ve formé DAM 390,
aplikovaného pied setim. Hnojeni 35 kg P a 100 kg
K v & Z na | ha bylo realizovano pied zdkladni orbou
ve formé superfosfatu a draselné soli.

Metodou morfologické analyzy vzrostného vrcholu
u 40 stébel (ze zapojeného porostu hlavni stébla a od-
noZe 1. fadu) byl sledovéan proces tvorby a vyvoje prv-
ki produktivity klasu: etapa organogeneze podle Ku-
permannové (E. O.); polet zaloZenych kvitka (hlavni
stéblo v VII. E. O. — prodlouZené tycinky, osiny 1 aZ
2 mm dlouhé); pocet zaloZenych obilek (hlavni stéblo
v X. E. O. - nartstéani obilky). Poget odnoZi byl stano-
ven u 40 rostlin na zacatcich IIL., V. a VII. etapy orga-
nogeneze. Za zaCatek odnoZovéni byl povaZovén ter-
min, kdy byl prvni GZlabni pupen prodlouZen asi na 0,5
aZz 1,0 cm. Za konec odnoZovéni byl uréen termin, kdy
se na hlavnim stéble vydiferencoval nejhoiejsi klasek
(vytvéreni 3. kolénka).

V plné zralosti byl odpoctem v porostu zji§tén pocet
klasd na 1 m® au produktivnich stébel z plochy
0,25 m? byl stanoven prumérny pocet a hmotnost obi-
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lek v klasu. Pfepoctem byla dopoditina hmotnost obil-
ky, GloZna kapacita porostu a vynos zrna na | mZ.
Jednotlivé roky byly samostatné statisticky zpraco-
vany. Zakladni metodou statistického vyhodnoceni byla
analyza variance dvojného tfidéni s opakovéanim. Tu-
keyovym testem byly ovéfeny rozdily mezi jednotlivy-
mi primérnymi hodnotami variant. Uroveii realizace
prvki produktivity byla vyjadiena procentudlné.

VYSLEDKY A DISKUSE
Vliv genotypu

Vynosové troveii jednotlivych genotypi byla roz-
dilnd a byla vytvédfena rozdilnou tvorbou, redukci
a kompenzaci vynosovych prvku (tab. I, II). Zji§t€né
rozdily u sledovanych ukazateli byly prikazné. Roz-
dilnost genotypl v tvorbé vynosu uvadéji také Kraus-
ko, Bajus (1993)a Svihra, Talapka (1995).

Genotyp Galan se vyznacoval niZ§im poétem odno-
Zi na rostlinu (4,5) ve srovnani se zbyvajicimi genoty-
py, av8ak s vy3§i rychlosti jejich tvorby v nejranéjsich
vyvojovych etapach. Dosahl vysokého procenta jejich
realizace (70,8 % proti 47,5 aZ 59,6 % u ostatnich ge-
notypil), a tim obdobného poétu produktivnich stébel
na 1 m? (883) jako zbyvajici hodnocené genotypy. Vy-
tvofil vysokou potencialni (v praméru 38,2 kvitka
v klasu) i redlnou produktivitu klasu (pocet obilek
22,1; hmotnost obilky 44,51 mg). Ze sledovanych ge-
notypt doséhl nejvyssi produktivity klasu (0,99 g). Vy-
nos zrna (pramér 875 g.m'z) byl srovnatelny s nejvy-
nosné&j$im genotypem Ladik.

Ze vSech testovanych genotypu vytvarely rostliny
genotypu Akcent nejvy$$i pocet odnoZi (5,3), rychlost
jejich tvorby v nejranéjsich vyvojovych etapach byla
viak nizZ8§i. ZaloZené odnoZe byly silné redukovéiny
(47,5 % realizace). Produktivni hustota porostu dosahla
v priméru 937 klast na 1 m?. Tento genotyp vytvoril
stiedni potencidlni produktivitu klasu (36,9 kvitka)
i jeho idloZnou kapacitu (21,2 obilek). Vyznacoval se
nizkou hmotnosti obilky (41,76 mg). Vynosem zrna
(830 g.m"z) nedosahl vynosové trovné genotypl Ladik
a Galan.

U genotypu Ladik byla niZsi rychlost tvorby odnoZi
v nejranéjSich vyvojovych etapach. Vytvofeny pocet
odnoZi na rostlinu byl vyznamné niZ§i ve srovnéni
s nejvice odnoZivym genotypem Akcent, aviak vys§S§i
realizaci byl zaji$tén obdobny podet produktivnich sté-
bel na 1 m? (931 proti 937). Vytvoril nejvyssi pocet
kvitkd v klasu (44,1), ktery byl siln& redukovén
(21 obilek v klasu). Vyznadoval se vysokou hmotnosti
obilky (45,35 mg), kterd zabezpedila vysokou produk-
tivitu klasu (0,95 g). DosaZeny vynos zrna (v priméru
883 g.m'z) byl obdobny jako u genotypu Galan.

Genotyp Heran se vyznacoval vysokym poctem od-
nozi (5,1), které byly v8ak vyrazné redukovany (55,7 %
realizace). Produktivni hustota porostu dosahla
911 klasti na 1 m? a nebyla vyznamné rozdilna proti
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I. Vliv genotypu na tvorbu a redukci odnoZi — Effects of the genotype on tiller formation and reduction

Poget odnoi? (.rostlina~')* 5
Rokl o ( ) Potet cignoil Podet lgast'l & realizaced
1L E. O. V.E. O. VILE. O. (m™) (m™)
Galan 25 3.6 4,6 1 879 871 75,7
1989 Akcent 23 43 5,0 2290 909 40,0
Ladik 25 39 4.5 1 899 928 48,9
Heran 3,1 4,0 5,6 2 337 933 41,1
Galan 33 3,7 4.6 1336 863 65,2
1990 Akcent 3,0 52 57 1 878 1 003 54,5
Ladik 3,0 43 4,7 1 626 968 65,1
Heran 3,5 49 54 1728 914 59,2
Galan 3,1 4,2 43 1299 915 714
1991 Akcent 29 39 5,2 1 876 900 48,1
Ladik 2,2 33 5,1 1 404 897 64,7
Heran 2,6 4,1 4.2 1 354 886 66,7
Galan 3,0 38 4.5 1 505 883 70,8
% Akcent 2,7 4,5 53 2015 937 415
Ladik 2,6 3,8 4.8 1 643 931 59,6
Heran 3,1 43 5.1 1 806 911 55,7
md 5% 0,3 0,3 0,7 311 - -
1989
1% 0,4 0,4 0,9 382 - -
5% 0,4 0,5 0,5 145 110 -
1990
1% 0,5 0,6 0,6 178 136 -
5% 0,3 0,6 0,6 177 - -
1991
1% 0,4 0,8 0.7 218 - -

E. O - etapa organogeneze — stage of organogenesis

'yenr. 2genotype. *number of tillers, 4(.planl'l). number of spikes, %% of realization

ostatnim genotypim. Ze sledovanych genotypl vytvo-
fil nejnizsi pocet kvitka (35,7) i obilek v klasu (20,4).
Nizka iloZna kapacita klasu byla kompenzovana vyssi
hmotnosti obilky (44,28 mg). Vynosové se vyrovnal
genotypu Akcent (827 g.m™).

Vliv roéniku

Rist a vyvoj rostlin a s nimi souvisejici procesy
tvorby, redukce a kompenzace prvki produktivity byly
ovliviiovany rozdilnymi povétrnostnimi podminkami
jednotlivych roénika.

Ve sledovanych letech byla délka obdobi odnoZova-
ni velmi rozdilna (32, 28, 16 dni), aviak rozdily v ko-
ne¢ném poctu vytvoienych odnoZi na rostlinu byly
mensi (4,9, 5,1, 4,7). Pro tvorbu odnoZi byla dulezita
nejen délka obdobi odnoZovani, ale i rychlost tvorby
odnoZzi (tab. III). Tyto vysledky se shoduji s publiko-
vanymi hodnotami (Pf¥ikryl et al, 1988; Hubik,
Flagarova, 1992). Rozdilna byla i dynamika zakla-
déni odnoZi. Nejvyssi pocet klast na 1 m? byl dosazen
v roce 1990 (937), kdy bylo zaloZeno v IIL. i V. E. O.
také nejvyssi procento odnoZi z jejich kone¢ného podtu
(63 a 89 %). Rané vyvojové etapy byly velmi vyznam-
né, mély vliv na pocet odnoZi a podle rychlosti jejich
tvorby i na produktivni hustotu porostu.
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Mezi ro¢niky byly stanoveny vyznamné rozdily
v tvorbé, redukci a kompenzaci prvkia produktivity kla-
su i vynosu zrna (tab. IV). Potencialni produktivitu kla-
su, vyjadienou poctem kvitkd, negativné ovliviiovaly
nizsi teploty (primérna denni teplota v obdobi tvorby
kvitkt byla v roce 1989 10,5 °C, 1990 16,7 °C, 1991
11,5 °C). Zjisténé poznatky potvrzuji publikované vy-
sledky (Petr et al., 1987) o vlivu pocasi na tvorbu
kvitkd. RovnéZz o pottu zaloZenych kvitki nerozhodo-
vala jen délka obdobi jejich vytvéreni, ale i rychlost
tvorby. Za 25 dnu (1989) bylo zaloZeno 37,5 kvitku, za
10 nebo 12 dni1 (1990 a 1991) 38,8 a 37,7 kvitka v kla-
su. Vyznamné rozdily byly zjiStény i v kone¢ném podtu
obilek v klasu (20,9 aZ 21,6). Nebyl zji§tén vztah mezi
poctem vytvofenych kvitki a poctem obilek v klasu.
Také Natrova (1987) uvadi, Ze akumulaéni kapacita
muZe byt utvoiena i malou potencidlni produktivitou
s nizkou redukci nebo velkou potencialni produktivitou
s vysokou redukci a také naopak.

Vys§i pocet obilek v klasu (1991 - 21,6 proti 1989 -
20,9 a 1990 — 21,0) spolu s hmotnosti obilky (1991 —
47,74 proti 1989 — 41,80 a 1990 — 42,39) pozitivné
ovlivnil produktivitu klasu i vynos zrna.

Z hlediska tvorby vynosu bylo kritické obdobi v ro-
ce 1989 od faze pocatecniho rustu obilky az do faze
jejiho dozravani. Stalé sucho (srazky Cinily 39 % nor-
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1I. Vliv genotypu na produktivitu klasu a vynos zrna — Effects of the genotype on spike productivity and grain yield

: 1 Potet’ (.klas™')* % Hnl:“)lm&ﬁ Hn:?::osl kl.’llcoi.nfll .| [Vrjsios zenalt
e 1 ohikgl .| ralim) W@ | g | wH | D@
Galan 38,6 233 21,7 56,5 091 42,00 18 909 796
1989 Akcent 37,1 234 20,8 55,7 0,84 40,28 18 888 761
Ladik 38,7 21,9 20,7 53,5 0,93 4479 19 220 861
Heran 35,7 223 20,7 59.5 0,85 40,12 19 790 793
Galan 38,1 23,1 21,5 56.5 091 42,27 18 554 788
1990 Akcent 38,0 21,4 21,6 56,7 0,86 38,85 21 525 850
Ladik 43,2 222 20,7 478 0,93 44,63 19 944 887
Heran 36,0 21,2 20,2 56,2 0,89 43,81 18 440 805
Galan 37,9 246 23,2 61,1 1,14 49,27 2] 194 1041
1991 Akcent 35,7 23,3 21,2 59.1 0,97 46,16 19 116 880
Ladik 41,5 22,5 21,7 52,2 1,00 46,64 19 428 902
Heran 35,5 23,3 20,3 57,3 0,99 48,90 17 981 882
Galan 38,2 23,7 22,1 58,0 0,99 44,51 19 552 875
= Akcent 36,9 22,7 21,2 57,2 0,89 41,76 19 843 830
Ladik 41,1 222 21,0 51,2 0,95 45,35 19 531 883
Heran 35,7 22,3 20,4 57,7 0,91 44,28 18 737 827
1989 md 5% 0,4 0,6 0,7 - 2,0 0,04 1,24 - 87
1% 0,5 0,7 0,9 24 0,05 1,52 - 107
1990 5% 0,2 0,1 03 0,9 0,03 0,77 2333 -
1% 0,3 0,2 0,4 1,1 0,04 0,94 2 868 -
1991 5% 0,2 0,3 0.4 1,2 0,02 1,45 1727 89
1% 0,3 0,4 0,5 1,5 0,03 1,78 2133 110

'year, 2gcnolypc. *number, 4(.spike"). *florets, “fertile florets, 7caryopscs. %% of realization, "weight of caryopses, sink capacity, ”gmin
yield

III. Vliv ro¢niku na tvorbu a redukci odnozi — Effects of weather conditions of the year on tiller formation and reduction

Y Potet dnii Potet odnozi® (rostlina™')* Potet odnoi Potet klasa® e
Rok dno¥ovéni2 -2 VIL. E. O 2 % realizace
odnoZovén 1IL E. O. V.E. O. VILE 0. |(m™) VILE. O. (m™)
1989 32 26 40 49 1617 910 51,4
1990 28 32 45 5.1 1 642 937 61.0
1991 16 27 39 47 1483 900 62.7

lyear. Znumber of days of tillering, *number of tillers,

4(.planl"), *number of spikes, %% of realization

IV. Vliv ro¢niku na produktivitu klasu a vynos zrna — Effects of weather conditions of the year on spike productivity and grain yield

Pocet dnti Potet® (klas™")*! x Hmotnost | Hmotnost UloZné Vs sonall
Rok! tvorby e fertilnich % ¥ renlizaiet obilek? obilky kapacita'” (m?) (@)
bovitkf? | | RVICK®, g o | bk (klas™) (@) [ (mg) ey | C
1989 25 37,5 227 20,9 56,3 0,88 41,80 19 019 795
1990 10 38,8 22,0 21,0 54,3 0,90 42,39 19 616 832
1991 12 377 234 21,6 574 1,03 47,74 19 430 928

'year. Zqumber of days of floret formation, *number, “(.spike"). 3florets, “fertile florets, 7cnryopses. %96 of realization, *weight of caryopses,
sink capacity, ”grain yield

malu) a od faze intenzivniho ristu hmotnosti obilky aZ
do piné zralosti také extrémné& vysoké teploty (primér
dennich teplot byl 0 6,1 °C vys§i neZ normal, maximal-
ni denni teploty 25,2 az 31,9 °C) zpusobily proti zby-

vajicim hodnocenym rokiim vyrazné sniZeni poctu obi-
lek v klasu, jejich hmotnosti, a tim i vynosu zrna.
V roce 1990 byly hmotnost obilky i poget obilek v kla-
su negativné ovlivnény poléhdnim porostu v obdobi

452 ROSTLINNA VYROBA, 43, 1997 (9): 449-454



pocatecniho rastu obilky (stupeii poléhdni 5 aZ 6) a ta-
ké dal$im poléhanim ve fézi intenzivniho rastu hmot-
nosti obilky (zvySeni poléhdni na stupeil 3 aZ 4). NiZ§i
produktivita klasu byla ¢aste¢né kompenzovana vyS$§im
poétem klasti na jednotce plochy, vynos zrna nedoséhl
drovné nejvynosné&jsiho roku 1991.

Vliv ddvky dusiku

Dynamiku odnoZovani, tvorbu a redukci kvitku, ko-
necnou produktivitu klasu i vynos zrna vyrazné ovliv-
fiovaly sledované davky dusiku (tab. V a VI).

Daévka dusiku 90 kg &. Z. na 1 ha ve srovnéni s dv-
kou 60 kg ¢. Z. na 1 ha podporovala tvorbu odnoZi od
poditku odnoZovani. Prikazné rozdily byly v3ak zjis-
tény aZ na konci odnoZovéni (VII. E. O. — 4,9 proti
4,2 odnoZim na rostling, 1 708 proti 1 453 odnoZim na
1 m?). Zjisténa byla i vy$si produktivni hustota poros-
tu, rozdily v jednotlivych letech byly vSak neprikazné
(v priméru 905 proti 882 klastim na 1 m?). Vyznamné
pozitivné ovlivnila potencidlni produktivitu klasu, ktera
vSak nebyla realizovana. Primérny podet-obilek v kla-
su byl téméf shodny (90 N - 21,5, 60 N - 21,4). Zvy-
Sena davka dusiku vyznamné sniZila hmotnost obilky

V. Vliv divky dusiku na tvorbu a redukci odnoZi — Effects of nitrogen rates on tiller formation and reduction

2 Podet odnoZi® (.rostlina™')* o’
e [()kﬂ;‘l(:rr;l) III, E. O. V. E.(O. )Vll. E. O. (r:?f)et\’?;ingﬂo POE(C‘:T:EI;;SU Tiippos?
1085 60 2,6 34 3.5 1474 875 57,1
920 29 4,1 4,1 1748 898 51,2
1690 60 31 4,6 4,6 1 454 857 58,7
90 35 51 5,6 1771 905 50,0
1691 60 2,7 3,8 4.5 1 431 915 64,4
90 2,8 43 5,1 1 604 911 56,9
L) 60 2,8 4,1 42 1453 882 60,1
% 90 3,1 4,5 4,9 1708 905 52,7
1989 ndo® p m & L 2 a
1% - - - - - -
1500 5% - - 0,6 198 - -
1% - - 0,7 237 - -
1991 5% - - 0,6 177 - -
1% - - 0,7 218 - -

'year, ?N rate, *number of tillers, 4(‘plant")‘ Snumber of spikes, %% of realization

VL. Vliv divky dusiku na produktivitu klasu a vynos zrna — Effects of nitrogen rates on spike productivity and grain yield

Potet® (klas~!)* Hmotnost | Hmotnost UloZni
2 G 11
Rok! [(),fvt‘;_rf) | ek g L N BT obilky | kapacita!® V{ ™ @
g. kvitkii s obilek (Klas™) (g) (mg) (m2) f
— 60 36,4 222 20,6 56,7 093 45,04 17 993 811
90 37,5 232 21,5 57,3 0,83 38,52 19 263 743
1990 60 38,5 24 21,6 56,5 0,99 45,62 18 540 845
90 39,2 23,0 21,7 55,6 0,96 44,26 19 598 867
p_— 60 37,5 234 21,9 58,5 1,10 50,00 20 118 1 009
90 38,0 233 21,3 56,1 1,00 46,98 19 442 917
_ 60 37,5 22,7 21,4 57,2 1,01 46,89 18 884 888
X
90 38,2 232 21,5 56,2 0,93 43,25 19 434 842
1989 md 5% 0,6 2 0,9 x 0,06 1,66 = -
1% 0.7 = 11 = 0,07 2,03 = -
i 5% 0.2 0,1 = 12 = 1,05 E &
1% 03 0,2 = 1,4 = 1,26 = =
p_— 5% 0.2 = % 11 0,02 1.44 = 89
1% 03 = = 15 0,03 1,78 = 110

'year, °N rate, *number, *(spike™), *florets, ®fertile florets, "caryopses,
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89, of realization, *weight of caryopses, '"sink capacity, ''grain yield
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(v praméru 43,25 proti 46,89 mg), a tim i produktivitu
klasu a vynos zrna. SniZzenou hmotnost obilky lze vy-
svétlit kompenzaénimi procesy mezi vynosovymi prv-
ky, i kdyZ kone¢ny pocet klast i obilek v klasu byl
u obou déavek téméf stejny, ale pocet obilek na 1 m?
byl rozdilny.

Z uvedenych vysledki nelze tedy délat jednoznacny
zavér o negativnim vlivu zvySené davky dusiku (90 N)
na tvorbu vynosovych prvki a vynos zrna, protoZe dy-
namika dusiku nebyla v prub&hu vegetace sledovina.
Pro hodnoceni jsou rozhodujici konkrétni povétrnostni
podminky daného ro¢niku, pudni drodnost a predplodi-
na. Napf. Onderka (1995) zjistil, Ze v intenzivnich
" podminkéch, v interakci s ro¢nikem, stagnuje vynos
zrna jarniho je¢mene bez ohledu na pfedplodinu jiZ pii
déavkach dusiku 30 aZ 40 kg ¢. Z. na 1 ha. Tato skutec-
nost vSak vyZzaduje dalsi sledovéni.

ZAVER

Byly prokédzény vyznamné rozdily v tvorb& a reduk-
ci prvkua produktivity u jarniho je¢mene mezi ro¢niky,
genotypy a ddvkou dusiku.

Povétrnostni podminky jednotlivych ro¢niki ovliv-
fiovaly rist a vyvoj rostlin a s nimi souvisejici procesy
tvorby, redukce a kompenzace vynosovych prvki. Ra-
né vyvojové etapy byly velmi vyznamné, mély vliv na
pocet odnoZi a podle rychlosti jejich tvorby i na pro-
duktivni hustotu porostu. Pfi vys$§i rychlosti tvorby od-
nozi do V. E. O. se zvySoval polet klasi na jednotce
plochy. Zvyseni viak bylo neprukazné. O poctu obilek
v klasu nerozhodoval jen pocet zaloZenych kvitki, ale
i jejich redukce. Nebyla zji§té€na zavislost mezi poctem
vytvofenych kvitki a koneénym poétem obilek v klasu.
Ve sledovanych rocnicich ovlivnila vynosové rozdily
produktivita klasu, pfedev§im pak hmotnost obilky.

V intenzivnich podminkéach fepafského vyrobniho
typu, po piedplodiné cukrovce, zvySend davka dusiku
(90 N) podporovala potenciélni produktivitu porostu
(tvorba odnoZi a kvitkd), vyznamné vSak neovlivnila
jeho tloZnou kapacitu. Priikazn& sniZila hmotnost obil-
ky, a tim i produktivitu klasu a vynos zrna.

Stanovena charakteristika procesu tvorby a redukce
prvkd produktivity genotypt Galan, Akcent, Ladik
a Heran prokazala, Ze z hlediska $lechténi na produkéni
schopnost jsou vhodné genotypy nejen s vysokym pro-
duk&nim potenciédlem, ale i s jeho vysokou realizaci.
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pfedevs§im pro mimoprazské zajemce.
Finan¢ni podminky: — pouziti PC — 15 K¢ za kazdou zapocatou pulhodinu
— odborna obsluha — 10 K& za 10 minut prace
— vytisténi reSerSe — 1 K¢ za 1 stranu A4
— zadanky o separat — 1 K¢ za 1 kus
— postovné + rezijni poplatek 15 %
2) ,Self-service* — samoobsluzna prace na osobnim poéitadi v UZLK.
Finanéni podminky jsou obdobné. Vzhledem k tomu, Ze si uZivatel zpracovava resersi
sam, je to maximalné usporné. (Do kalkulace cen nezapoditdvame cenu programu a da-
tabaze Current Contents.)

V piipadé Vaseho zdjmu o tyto sluzby se obratte na adresu:

Ustfedni zemédélska a lesnicka knihovna

Dr. BartoSova

Slezska 7

120 56 Praha 2

Tel.: 02/24 25 79 39, |. 520, fax: 02/24 25 39 38

sluzby. V pripadé ,self-servisu” je vhodné se predem telefonicky objednat. V pripadé zajmu
je mozné si objednat i priibézné sledovani profilu (cena se podle slozitosti zadani pohybuje
Stvrtletné kolem 100 az 150 K¢).




USTREDNI ZEMEDELSKA A LESNICKA KNIHOVNA,
PRAHA 2, SLEZSKA 7

Ustfedni zem&délska a lesnickd knihovna v Praze (dile jen UZLK), ktera je jednou z nejvétSich zeméd&lskych
knihoven na svété, byla zaloZena v roce 1926. JiZ od po&itku §lo o knihovnu vefejnou. Knihovna v soufasné dob&
obsahuje vice neZ jeden milion svazki knih, cestovnich zprév, dizertaci, literatury FAO, svazanych ro¢nika Casopisu
z oblasti zemé&dglstvi, lesnictvi, veterinarni mediciny, ekologie a dal3ich obori. Knihovna odebird 750 tituli domécich
a zahrani¢nich Easopisti. Informa&ni prameny ziskané do fondu jsou v UZLK zpracovavény do systému katalogi — je
budovén jmenny katalog a pfedmétovy katalog jako zdkladni katalogy knihovny a déle riizné specidlni katalogy a kar-
totéky. Pot4tkem roku 1994 pfistoupila UZLK k automatizovanému zpracovani knihovniho fondu v systému CDS/ISIS.

Pro informaci uZivateli o novych informa&nich pramenech ve fondech UZLK zpracovava a vydava knihovna nasle-
dujici publikace: Pfehled novinek ve fondu UZLK, Seznam &asopisti objednanych UZLK, Pehled reSersi a tematickych
bibliografii z oboru zemédé€lstvi, lesnictvi a potravindfstvi, AGROFIRM - zpravodaj o piiristcich firemni literatury (je
distribuovéan na disketich), AGROVIDEO - katalog videokazet UZLK.

V oblasti mezindrodni vymé&ny publikaci knihovna spolupracuje s 800 partnery ze 45 zemi svéta. Knihovna je ¢lenem
TAALD - mezindrodni asociace zeméd&lskych knihovniki. Od zafi 1991 je ¢lenem mezinarodni sité¢ zemé&délskych
knihoven AGLINET a od 1. 1. 1994 je depozitni knihovnou materi4li FAO pro Ceskou republiku.

Knihovna poskytuje svym uZivatelim néasledujici sluZby:

Vypijéni sluzby

Vypijéni sluZzby jsou poskytovdny viem uZivatelim po zaplaceni ro¥niho registradniho poplatku. MimopraZsti
uZivatelé mohou vyuZit moZnosti meziknihovni vypujéni sluZby. Vzacné publikace a Casopisy se viak pujcuji pouze
prezen¢né.

Reprografické sluzby

Knihovna zabezpeduje pro své uZivatele zhotovovani kopii obsahii ¢asopisi a ndsledné kopie vybranych €lankid, Na
pockani jsou zhotovovany kopie na pfédni uZivateld. Pro praZské a mimopraZské uZivatele jsou zabezpefovény tzv.
individudlni reprosluZby.

Sluzby z automatizovaného systému firemni literatury

Jsou poskytovany z databaze firemni literatury, kterd obsahuje témé&f 13 000 zdznamu 1 700 firem.

Referenéni sluzby

Knihovna poskytuje referen¢ni sluzby vlastnich databazi kniZnich novinek, odebiranych &asopisu, reSersi a tematic-
kych bibliografii, védeckotechnickych akci, firemni literatury, videotéky, dile z databézi pfevzatych — Celostétni evi-
dence zahraniénich Casopisi, bibliografickych databazi CAB a Current Contents. Cilem je podat informace nejen
o informa&nich pramenech ve fondech UZLK, ale i jiné informace zajimajici zemé&d&lskou vefejnost.

Phjcovéni videokazet

V AGROVIDEU UZLK jsou k dispozici videokazety s tematikou zemé&d&lstvi, ochrany Zivotniho prostfedi a pfi-
buznych obori. Videokazety zasila AGROVIDEO mimopraZskym zdjemciim postou.

UZivatelim knihovny slouZi dvé studovny — vieobecna studovna a studovna asopisi. Obé studovny jsou vybaveny
pfiru¢kovou literaturou. Ctenafi zde maji volny ptistup k novinkam ptiristkia knihovniho fondu UZLK.

Adresa knihovny:

Ustiedni zem&d&lska a lesnicka knihovna
Slezska 7
120 56 Praha 2

Vypujéni doba:

pondéli, itery, &tvrtek: 9.00-16.30
stieda 9.00-18.00
patek 9.00-13.00
Telefonické informace:
vedouci: 24 25 50 74, e-mail: IHOCH @uzpi.agrec.cz
referen&ni sluZby: 24 25 79 39/linka 520
Casopisy: 24 25 66 10
vypujéni sluzby: 24 25 79 39/linka 415
meziknihovni vypujéni sluzby: 24 25 79 39/linka 304
Fax: 24 25 39 38

E-mail: UZLK @uzpi.agrec.cz
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POKYNY PRO AUTORY

Casopis uvefejiiuje piivodni védecké price, kritka sd&leni
a vybéroveé i prehledné referaty. tzn. prace, jejichZ podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Price jsou uvefejiiovany v cestiné, sloveniting nebo
angli¢tiné. Rukopisy musi byt doplnény kratkym a rozsifenym
souhrnem (vcetné klicovych slov).

Autor je pIné odpovédny za pivodnost price a za jeji véc-
nou i formdlni spravnost. K praci musi byt pfilozeno prohla-
Seni autora o tom, Ze prace nebyla publikovina jinde.

O uvefejnéni prace rozhoduje redakcni rada Casopisu. a to
se zietelem k lektorskym posudkiam, védeckému vyznamu
a piinosu a kvalité prace.

Rozsah védeckych praci nemd presdhnout 15 stran psanych
na stroji véetné tabulek, obrazkd a graf. V préci je nutné po-
uzival jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni dprava rukopisu ma odpovidat statni normé CSN
88 0220 (format A4, 30 fadek na strinku, 60 thozi na fadku,
mezi fadky dvojité mezery), k rukopisu je vhodné prilozit dis-
ketu s praci pofizenou na PC v nékterém textovém editoru,
nejlépe v T602, a s grafickou dokumentaci. Tabulky. graty
a fotografie se dodavaji zvlaSt. nepodlepuji se. Na viechny
prilohy musi byt odkazy v textu.

Pokud autor pouzivad v prici zkratek jakéhokoliv druhu, je
nutné, aby byly alespoii jednou vysvétleny (vypsiny), aby sc
predeslo omylim. V ndzvu price a v souhrnu je vhodné zkra-
tek nepouZivat.

Nazev prace (titul) nema pfesdhnout 85 thozi. Jsou vylou-
Ceny podtitulky ¢lanki.

Kratky souhrn (Abstrakt) je informac¢nim vybérem obsa-
hu a zavéru ¢linku, nikoliv v§ak jeho pouhym popisem. Musi
vyjadfit viechno podstatné, co je obsazeno ve védecké prici,
a md obsahovat zikladni cCiselné udaje vcetné statistickych
hodnot. Musi obsahovat klicova slova. Nema pickrocit rozsah
170 slov. Je ticba, aby byl napsan celymi vétami. nikoliv hes-
lovité. Je uveiejiovan a mél by byt dodan ve stejném jazyce
jako védecka prace.

RozSifeny souhrn (Abstract) je uvefejiovian v anglicting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentoviny vysledky price a uvedeny odkazy na tabulky a ob-

(vCetné nizvu price a klicovych slov) dodat v anglicting, popf.
v ¢esting ¢i slovensting jako podklad pro preklad do anglictiny.

Uvod md obsahovat hlavni diivody, pro¢ byla préce realizovina
a velmi stru¢nou formou ma byt popsin stav studované otdzky.

Literarni prehled ma byt kritky, je tieba uviadét pouze
citace majici tzky vztah k problému.

Metoda se popisuje pouze tehdy, je-li pavodni, jinak posta-
Cuje citovat autora metody a uvadét jen pripadné odchylky. Ve
stejné kapitole se popisuje také pokusny material.

Vysledky — pfi jejich popisu se k vyjadfeni kvantitativnich
hodnot diva prednost grafim pred tabulkami. V tabulkich je
tiecha shrnout statistické hodnoceni naméfenych hodnot. Tato
¢ast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické ndlezy.

Diskuse obsahuje zhodnoceni price, diskutuje se o moz-
nych nedostatcich a price se konfrontuje s vysledky dfive
publikovanymi (pozaduje sc citovat jen ty autory, jejichZ price
maji k publikované prici blizsi vztah). Je pfipustné spojeni
v jednu kapitolu spolu s vysledky.

Literatura musi odpovidat stitni normé CSN 01 0197. Ci-
tace se fadi abecedné podle jména pryvnich autord. Odkazy na
literaturu v textu uvadéji jméno autora a rok vydani. Do se-
znamu se zafadi jen price citované v textu. Na price v sezna-
mu literatury musi byt odkaz v textu.

Na zvld§tnim listé uvadi autor plné jméno (i spoluautori),
akademické. védecké a pedagogické tituly a podrobnou adresu
pracovisté s PSC, ¢islo telefonu a faxu, popf. e-mail.

INSTRUCTIONS FOR AUTHORS

Original scientific papers. short communications, and selec-
tively reviews, that means papers based on the study of tech-
nical literature and reviewing recent knowledge in the given
field. are published in this journal. Published papers are in
Czech, Slovak or English. Each manuscript must contain
a short and a longer summary (including the key words).

The author is fully responsible for the originality of his
paper, for its subject and formal correctness. The author shall
make a written declaration that his paper has not been publish-
ed in any other information source.

The board of editors of this journal will decide on paper
publication, with respect to expert opinions, scientific impor-
tance, contribution and quality of the paper.

The paper extent shall not exceed 15 typescript pages. in-
cluding tables, figures and graphs.

Manuscript layout shall correspond to the State Standard
CSN 88 0220 (quarto. 30 lines per page, 60 strokes per line,
double-spaced typescript). A PC diskette should be provided
with the paper, written in an editor program, preferably T602,
and with graphical documentation. Tables, figures and photos
shall be enclosed separately. The text must contain references
to all these annexes.

The title of the paper shall not exceed 85 strokes. Subtitles
of the papers are not allowed either.

Abstract is an information sclection of the contents and
conclusions of the paper. it is not a mere description of the
paper. It must present all substantial information contained in
the paper. It shall not exceed 170 words. It shall be written in
full sentences, not in form of keynotes, and comprise base
numerical data including statistical data. It must contain key
words. It should be submitted in English and if possible also
in Czech or Slovak.

Introduction has o present the main reasons why the study
was conducted, and the circumstances of the studied problems
should be described in a very brief form.

Review of literature should be a short section, containing
only literary citations with close relation to the treated pro-
blem.

Only original method shall be described, in other cases it is
sufficient enough to cite the author of the used method and to
mention modifications of this method. This section shall also
contain a description of experimental material.

In the section Results figures and graphs should be used
rather than tables for presentation of quantitative values. A sta-
tistical analysis of recorded values should be summarized in
tables. This section should not contain cither theoretical con-
clusions or deductions. but only factual data should be presen-
ted here.

Discussion contains an evaluation of the study, potential
shortcomings are discussed, and the results of the study are
confronted with previously published results (only those authors
whose studies are in closer relation with the published paper
should be cited). The sections Results and Discussion may be
presented as one section only.

The citations are arranged alphabetically according to the
surname of the first author. References in the text to these
citations comprise the author’s name and year of publication.
Only the papers cited in the text of the study shall be included
in the list of references. All citations shall be referred to in the
text of the paper.

If any abbreviation is used in the paper, it is necessary 1o
mention its full form at least once to avoid misunderstandIng.
The abbreviations should not be used in the title of the paper
nor in the summary.

The author shall give his full name (and the names of other
collaborators), academic, scientific and pedagogic titles, full
address of his workplace and postal code. telefon and fax num-
ber or e-mail.
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