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MOBILITY OF TRACE ELEMENTS IN SOILS

MOBILITA STOPOVYCH PRVKU V PUDE
E. Podle$dkova', J. Németek?, Z. Roth>

'Research Institute for Soil and Water Conservation, Praha, Czech Republic
2Czech University of Agriculture, Praha, Czech Republic
3Institute of Public Health, Praha, Czech Republic

ABSTRACT: The mobility of potentially hazardous trace elements of the whole set of 54 representative soil units was
determined. The set comprises the main soil forms and types of loads (geogenic, fluvial anthropogenic) in variants with and
without pH regulation (liming). Total content (HC1O4 + HF + HNO;), potentially mobilizable (0.025M Na,EDTA) and mobile
species (IM NH4NO;, 0.IM CaCl,) were set up in 178 samples. Principal statistical data prove that the total set involves
samples with a wide range of trace elements contents and factors affecting their mobility. Factor analysis with a very narrow
(only pH and trace elements content and absolute and relative values of its mobility), standardized (additionally clay and
humus) and the most extended (additionally CEC, free oxides of Fe and Al) choice of variables proved the main features of
the group of the following trace elements: Mn, Cd, Co, Zn, Ni (Be). The principal associated feature of the factor analysis of
the mentioned elements with two to three extracted factors is the grouping of the values of the effective trace elements mobility
and pH (negatively correlated) in the first factor, participation of the mobilizable fraction within the second factor in the
narrowest set and the distribution of the whole pool (total, mobilizable) between the second and the third factors. The content
of clays, negatively’correlated with trace element mobilities, manifests itself very strongly, even on the level of the first factor.
It was found that the extension of the set does not provide us with a new additional information. The sum of weight of the
first, second and the third factors comprising all principal parameters of trace elements mobility accounts for the elements of
this described group 60 to 90% of the total variance, for the first factor 28 to 55%. The behaviour of the other trace elements
is more complicated. Some similar features with the mentioned group of elements has Be (negatively pH-dependent mobility).
What concerns Pb the first factor correlates only in a set lacking geogenic extremes indirectly with pH. The first factor for
Pb, As, Cu, Cr mostly involves both mobile species and trace elements pool without any relation to pH, or in some cases (Cu,
As) positive relation to pH.

Keywords: trace elements; conditions of mobility; factor analysis

ABSTRAKT: Byla stanovena mobilita potencidlné rizikovych stopovych prvki nediferencovaného souboru 54 reprezentativ-
nich pidnich jednotek, zahrnujicich hlavni pudni formy a typy zatéZe ve variantdch bez vépnéni a s vapn&nim. Ve 178 vzorcich
byl stanoven-celkovy obsah, potencidlné mobilizovatelny podil a mobilni specie. Zakladni statistické udaje prokazuji, Ze
celkovy soubor zahrnuje vzorky se $irokym rozmezim obsahu stopovych prvki a faktorii ovlivilujicich jejich mobilitu. Fak-
torova analyza s velmi uzkym, standardizovanym a nej3ir§im vyb&rem vlastnosti majicich vztah k mobilité stopovych prvkl
prokdzala hlavni rysy vztaht u prvkd Mn, Cd, Co, Zn, Ni (z&asti i Be). Hlavnim spoleénym rysem faktorové analyzy téchto
stopovych prvki, u kterych byly vyextrahovany dva aZ tfi faktory, je sdruZeni hodnot efektivni mobility prvki a nepfimo pH
v prvém faktoru, u nejuziiho souboru zastoupeni mobilizovatelné frakce v druhém faktoru, a v ostatnich pfipadech veskeré
zasoby v druhém faktoru nebo rozdéleni zasoby mezi druhy a tfeti faktor. Vyznamné se uplatiiuje ¢asto i na drovni prvniho
faktoru obsah jilu, negativné korelujici s mobilitou, méné pak humus. Bylo prokédzano, Ze rozdifeni souboru na veskeré udaje
ovliviiujici mobilitu stopovych prvkil nepfina$i nové informace. ZatéZ prvého a druhého, aZ i tfetiho faktoru, zahrnujici hlavni
parametry mobility, &ini u prvka této skupiny 60 aZ 90 % celkové variance. Chovani ostatnich prvku je sloZitéj§i. S prvou
skupinou mé nejbliZ8i rysy Be (nepfimd zdvislost mobilnich specii na pH). Mobilita Pb koreluje (nepfimo) s pH pouze
u souboru bez geogennich extrémi. V jinych pfipadech se u Pb i As a Cu spojuji mobilni specie i zdsoby prvku a humus, bez
vztahu k pH. U Cr se malé rozdily pfi velmi nizké mobilité projevuji znadnymi rozdily mezi soubory.

Kli¢ova slova: stopové prvky; podminky mobility; faktorova analyza

INTRODUCTION organisms or soil hydrosphere. The old criteria of soil
pollution by hazardous trace elements in relation to

Studies of the mobility of hazardous trace elements loading of the other ecological media were based on
in soils become a necessary basis for soil loads assessment  pure empirical principles in terms of total or pseudoto-
from the viewpoint of some transfer pathways soil-living  tal contents in soils. At present they are substituted by
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criteria, which follow from the evaluation of mobile
species of trace elements, their bioavailability, transfer
into organisms and from the assessment of the ecotoxi-
cological relevancy of organisms loads.

In the first paper dealing with this topic attention was
paid to the comprehensive evaluation of single trace ele-
ments mobilities. The first step, which should has been
the contribution to the indication of bioavailability for
plants, was the determination of soil trace elements in
weak diluted mineral acids (HCI, HNO3). This proce-
dure did not lead to any progress, because no relation
to bioavailability was found. The solubility is indivi-
dual for every element and it changes in accordance
with the kind of contamination. For example the solu-
bility in 2M HNOj; (cold) in relation to total content
counts for the following trace elements (in average): Cd
82%, As 15%, Cr 8%, Cu 42%, Ni 17%, Pb 55%
(Podlesakova, Némecek, 1996b). However, the men-
tioned solubility depends on the participation of the
geogenic form with markedly lower solubility and on
the participation of the anthropogenic form with expres-
sively higher solubility. The solubility increases in soils
characterized by fluvial contamination, as follows: As
to 31%, Cr 23%, Cu 77%, Ni 42%, Pb 72%, Zn 61%.
These differences in solubility can be used for identifi-
cation of the degree of the anthropic influence, but also
for identification of geogenic loads. Geogenic loads with
Cr, Ni, Mn but also Pb, Zn, Cu are characterized by
high concentrations but low solubilities (Némecek et
al., 1995; Podlesikova, Némedcek, 1996b). The results
of the extract with 1.5M HNOs (boiling) in relation to
the total content were used for the identification of an-
thropogenic contamination with Cu, Ni, Pb, Zn (Steiger
et al., 1985).

In the next period the methods were developed for
the determination of trace elements, which made use of
unbuffered diluted solutions of neutral salts or complex
forming substances. Their use reflects the fact that the
most mobile fractions of hazardous elements occur in
soils in sorbed form or as complexes (Hornburg, Briim-
mer, 1993). Specific procedures for mobility determi-
nation of single trace elements or a group of trace ele-
ments were often developed in connection with
experiments with their plant uptake (Adriano, 1986;
Kabata-Pendias, Pendias, 1992; Davies, 1992 etc.).

The development of methods for the determination
of mobilities of the extended set of trace elements fo-
cused in the last 15 years on the sequential analysis
(Zeilen, Brimmer, 1989) and its application (Némecek
et al., 1998) and on the simplified procedure for determin-
ing the most available fractions — the potentially mobi-
lizable and mobile ones. They all aim at the prediction
of the trace element uptake by plants. Experiments were
made with 0.IM NaNO; (Gupta, Hiani, 1981), 0.01 to
0.1M CaCl, (Styperek, Sauerbeck, 1985; Houba et al.,
1990; Novozamsky et al., 1991) and 0.1 to IM NH4NO;.
The generally used extraction method nowadays in Ger-
many is IM NH4NO; (PriieB et al., 1991; Hornburg,
1993; Hornburg et al., 1993; Thiele, Brimmer, 1993;
Priie3, 1995) for the determination of the effective mo-
bile fraction in combination with the determination of
the potentially mobilizable fraction in 0.025M
Na,EDTA or DTPA. The indirectly pH-dependent mo-
bility of some elements enable us (Briimmer et al.,
1991) to predict the content of mobile species from pH
and the total content (Cd, Cu, Pb) or pH and potentially
mobilizable fraction (Mn, Zn). Dependence of relative
mobility of trace elements upon pH (Cd > Mn > Zn > Ni

1. Basic statistical data concerning content of trace elements, their mobile and mobilizable fractions and their percentage in the total content;

data from samples used in pot experiments in mg.kg‘l (n=162)

Fraction Statistics Mn Cd Co Zn Ni Be Pb Cu Cr v As
T0 GM 755 0.65 1445 | 147 25.35 2.62 55.8 323 77.8 83.2 33.2
max 4 246 6.08 | 192 736 359 7.85 | 231 432 562 200 3 020
ED GM 195 0.26 3.13 248 4.00 0.02 273 8.28 0.40 10.9 1.51
max 1432 3.06 | 74 421 157 0.13 | 159 402 26.0 31.7 22.4
Wik GM 441 0.02 0.03 0.28 0.04 | <0.01 0.11 0.12 0.01 0.14 0.06
max 218.8 0.33 5.50 14.49 4.80 0.08 1.26 2.06 0.04 1.47 1.74
Me GM 5.89 0.02 0.03 0.29 0.08 | <0.01 0.06 0.10 0.01 0.25 0.07
max 272.9 0.41 3.62 9.25 1.09 0.05 3.99 0.69 1.00 0.63 0.62
% GM 26 40 22 17 16 1 49 26 1 13 5
ED/TO max 100 100 60 88 65 14 96 100 37 33 33
% GM 1 4 <1 <1 <1 C | <1 4 <1 <1 <1
MN/TO max 22 56 8 9 11 1 1 35 1 1 1
% GM 1 3 <1 <1 <1 <1 <1 3 <1 <1 <1
MC/TO max 22 51 5 8 3 1 9 16 1 1 2
To GM 2 9 1 1 | 4 <l 14 3 1 4
MN/ED max 100 100 63 100 40 100 3 100 15 12 39
% GM 3 6 1 1 2 13 <1 12 4 2 5
MC/ED max 100 100 64 76 50 100 17 100 15 10 45
338 ROSTLINNA VYROBA, 45, 1999 (8): 337-344



>> Cr, As) and of mobilizable fraction on pH (Cd > Mn
> Zn > Ni > Cu > Cr > Pb) was described (Thiele,
Briimmer, 1993). The relations between the mobile and
mobilizable fraction are used for the differentiation of
anthropogenic and geogenic loads (Koch, Gruppe,
1993; Welp et al., 1995). PriieB (1995) shows even the
background values in terms of mobile species.

MATERIAL AND METHODS

The selection of samples from Ap horizons of agri-
culturally used soil for studies of trace elements mobi-
lity was based on findings of regional investigations of
soil contamination and geogenic loads. 54 samples were
used for research of trace elements mobilities and si-
multaneously for their transfer into testing plants. The
samples involve Arenosols, Luvisols, Stagnosols, Cam-
bisols, Podzols (cambic) and Fluvisols from typical parent
materials, what concerns Cambisols also from geogenic
extremes. The samples represent a wide range of soil
properties values: pH 3.8 to 7.4, clay content (< 1 pm)

4 to 30%, content of clay + fine and middle silt (< 10 pm)
12 t0 59%, C, 0.8 to 4.2%, CEC 70 to 240 mmol(+).kg™!,
free Fe oxides 0.2 to 1.6%, free Al oxides 0.2 to 1.1%,
Fe activity (Fep/Fey.100) 20 to 60%.

In samples without pH regulation and with pH regu-
lation the following characteristics were determined in
twofold repeating:
total content (TO) of trace elements (after destruction
with HF + HCIO4 + HNO3)
content of potentially mobilizable (ED) fraction
(0.025M Na,EDTA)
content of mobile fraction (IM NH4NO;3; 0.01M
CaCl, - MN, MC)
exchangeable pH (pH in 0.1M KCI)
soil texture (pipette method)

CEC (Mehlich)

free amorphous Fe and Al oxides (acid oxalate)
content of the total free Fe (Coffin)

The results were processed by usual statistical pro-
cedures (geometric means, standard deviation) and cor-
relation analysis. The principal statistical treatment was
processed by means of factor analysis after logarithmic

I1. Factor analysis of data concerning the mobility of trace elements in dependence upon their total content and the extended choice of factors;
extended choice of mobility factors after In transformation, without plants, Varimax rotation, n = 54 (samples from pot experiments)

Factor loads F1, F2, (F3), [F4)
Properties Mn Cd Co Zn Ni Be Pb As Cu Cr \4
oH -0.938 | -0.934 | -0.911 -0.926 | -0.912 | -0.889 | -0.830 | -0914 0.875 | -0.521 0.641
(0.576) | -0.632
MC 0.848 0.883 0.761 0.847 0.561 0.828 0.521 0.724 0.826 (0.678) 0.716
0.670
Nt 0.878 0.850 0.746 0.861 0.641 0.885 0.745 0.839 0.787 (0.424) | [0.612]
0.634 [0.664]
ED 0.932 0.902 0.916 (0.867) 0.831 0.420 0.909 0.926 0.911 (0.800) 0.759
0.669 0.463
1O 0.866 0.841 0.910 0.367 0.807 0.660 0.793 0.870 0.581 -0.600 (0.459)
(0.654) [-0.573] | (0.526) | [0.691]
Ci 0.821 0.682 0.646 0.781 0.700 | (-0.490) 0.800 0.695 0.771 [0.844] 0.773
’_<—l- it -0.678 -0.693 -0.680 -0.667 -0.698 -0.625 -0.511 -0.651 0.768 0.878 0.714
(0.646) | (0.622) | (0.649) | 0.657 0.642 0.691 | (0.698) | (0.644) | (0.533) (0.463)
& fhmn -0.440 | -0.476 | -0.446 0.858 0432 | -0.417 (0.860) | -0.423 0.579 0.943 0.505
(0.846) | (0.813) | (0.842) 0.853 0.849 (0.833) | (0.746) 0.699
CEC 0.921 (0.936) | (0.992) 0.902 (0.921) 0.819 (0.904) | [0.931] | (0.953) 0.712 (0.945)
Fe, 0.577 0.541 0.567 0.556 0.557 0.571 0.539 0.627 -0.599 0918 0.946
[0.757] | [0.791] | [0.766] | [0.779] | [0.778] 0.713 [0.783] | [0.734] | [0.742)
Fey/Fe, [0.971] | [0.943] | [0.971] | [0.951]| [0.963] | (0.863)  [0.966] [ [0.937] | [0.935] 0.834 0.707
0.411)
Al, 0.795 0.763 0.812 0.772 0.781 0.719 0.839 0.836 | -0.841 ~0.426 0.755
0.536
Loads % Fl | 37.0 33.7 30.9 335 28.6 36.8 233 28.9 26.2 21.7 22.7
Loads % F2 | 20.1 18.7 228 18.2 229 20.8 21.8 22.4 25.4 21.6 22.1
Loads % F3 | (16.0) (17.1) (17.2) (12.2) (17.5) (13.7) (18.7) (17.8) (16.2) (20.4) (16.3)
Loads % F4 | [12.7] [14.1] [13.7) [14.3) [14.5] [13.5] [13.5] [15.3] [12.5] [14.5)
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(In) transformation of all values. The principal compo-
nent analysis was used for the extraction of factors. It
takes further into account only eigenvalues > 1. Ortho-
gonal Varimax rotation was performed. To every table
of factor analyses belongs a table of communalities,
which gives information about the participation of com-
mon factors on the variability of some variable. In our
paper only some tables of communalities are given.

In this paper the results of the processing of the
whole, undifferentiated set of data, are presented.

RESULTS AND DISCUSSION

Elementary statistical data of the whole investigated
set (Tab. I) prove that the selection of samples from the
agriculturally used soils with realistic soil loads com-
prises not only samples characterized by the contami-
nation (exceeding the upper limit of background varia-
bility), but also samples in which maximum permissible
limits of the Ministry of Environment regulation No
13/1994 are surpassed and cases when some elements
(As, Cr, Ni) exceed even the limits of the direct threat
of human health in residence areas (Bulletin of the Mi-
nistry of Agriculture, 1996). But this viewpoint applies
only when we formally keep in mind official regulations,
which do not take into account geogenic extremes. The
highest relative share of the potentially mobilizable

fraction (ED/TO) is found in mean and maximum values
in the following sequence of elements: Cd, Mn, Cu,
Pb > Zn, Ni, Co. The lowest ED/TO values show V,
As > Be, Cr. The highest relative values of mobile spe-
cies indicate Cd >> Mn, the lowest Cr. When we use
the relation of mobile to mobilizable fraction Cd > Mn
are on the first order place, followed by Zn, Ni and Co.
But high share show in this case also elements, charac-
terized by low content of mobilizable fraction — Be, As,
Cr. These facts are in correspondence with the specific
features of trace elements bonds in soils, characterized
by Zeilen, Briitmmer (1991) and in soils of the Czech
Republic by Némecek et al. (1998).

Tabs II to VII present results of the factor analysis
of the whole, undifferentiated set of data. This set in-
cludes in addition to the total content of trace elements,
the content of potentially mobilizable and mobile spe-
cies of trace elements either a very expanded (Tab. II)
or maximally restricted (Tabs III, IV) or for further
evaluations standardized set of variables, affecting the
mobility of trace elements (Tabs V, VI, VII).

The most general feature of relations, which are de-
rived from the factor analysis of an undifferentiated set
is the fact, that Mn, Cd, Co, Zn, Ni (and to some degree
also Be or Pb) are characterized by the first factor,
which can be interpreted as the factor of negatively
pH-dependent effective mobility of trace elements and
the second or the third factor, which reflect the total and

III. Factor analysis of data concerning absolute and relative mobility and total content of trace elements (pot experiment, data set lacking
plants); choice of mobility factors is restricted to pH; after In transformation and Varimax rotation, n = 162 (samples from pot experiments)

Factor loads F1, F2, (F3), [F4] > 0.4
Properties Mn Cd Co Zn Ni Be Pb As Cu Cr v
' pH -0.925 | -0.864 | -0.861 -0.856 | -0.702 | -0.877 | (-0.806) 0.592 (0.757) | -0.402 0.593
MC 0.934 0.876 0.931 0.890 0.754 0.847 0918 [0.982] 0.912 (0.964) 0.909
o 0.945 0.828 0.852 0.848 0.738 0.963 (0.864) | (0.687) 0.694 0.439 (0.942)
[0.610] | (0.477) | [0.403]
s 0.731 0.794 0.859 0.842 0.796 0.982 0.966 | -0.591 0.895 0.913 0.941
(0.628) | (0.567) | (0.501) | (0.514) | (0.587) (0.547) | (0.427)
T0 (0.958) 0.947 0.849 (0.897) 0.881 | (-0.914) 0.903 | -0.696 0.828 | -0.908 [0.986]
[0.507] | -0.404
BEFTE 0.989 (0.933) | .0.942 0.971 0.969 0.675 0.561 0.784 0.508 0.934 0.946
(0.730) | (-0.411) | -0.588 (0.628)
ST 0.928 0.885 0.891 0.914 0.845 (0.826) | -0.404 0.816 0.899 0.841 0.900
0.888 | (-0.551) (0.468)
SNETO 0.956 0.884 0.913 0.886 0.908 0.900 | -0.847 0.860 0.789 0.938 (0.959)
0.408 (0.550)
SEIED 0.875 0.849 0.773 0.797 0.559 0.526 | -0.600 0.681 -0.513 | -0.896 0.909
-0.550 -0.652 | -0.800 0.772 | (-0.660) | (-0.742)
SANED 0.907 0.833 0.786 0.805 0.683 0.871 -0.898 0.988 | -0.409 | -0.896 (0.878)
-0.581 -0.510 -0.700 0.639
Loads % F1 54.7 47.4 47.3 46.9 36.6 414 43.1 26.7 36.5 34.9 258
Loads % F2 | 17.4 229 22.7 20.6 25.3 21.4 21.2 21.8 23.5 27.6 25.8
Loads % F3 | (16.8) (14.3) (16.2) (17.0) (21.8) (19.8) (17.3) (21.1) (20.6) (15.2) (23.9)
340 ROSTLINNA VYROBA, 45, 1999 (8): 337-344



IV. Communalities to the factor analysis given in Tab. V

Communalities

Properties Mn Cd Co Zn Ni Be Pb As Cu Cr \%

pH 0.901 0.757 0.757 0.800 0.608 0.779 0.656 0.387 0.597 0314 0.383
MC 0.888 0.834 0.910 0.847 0.762 0.726 0.976 0.971 0.930 0.934 0.977
MN 0.934 0.843 0.940 0.869 0.910 0.939 0.753 0.941 0.876 0.381 0.989
ED 0.946 0.969 0.996 0.976 0.987 0.976 0.949 0.986 0.984 0.985 0.963
TO 0.930 0.922 0.849 0.816 0.903 0.950 0.921 0.990 0.849 0.969 0.996
ED/TO 0.991 0.987 0918 0.960 0.953 0.996 0.486 0.963 0.826 0.971 0.967
MC/TO 0.919 0.889 0918 0.898 0.926 0.940 0.982 0.971 0.817 0.972 0.973
MN/TO 0.928 0.831 0.905 0.809 0.859 0.896 0.827 0911 0.943 0910 0.988
MC/ED 0.925 0.886 0.948 0.864 0.896 0.920 0.956 0.937 0913 0.989 0.959
MN/ED 0.943 0.877 0.962 0912 0.957 0.924 0.976 0.985 0.578 0.921 0.998

V. Factor analysis of data concerning the mobility of trace elements,
humus), without plants, after In transformation and Varimax rotation,

their total content and main factors of their mobility (pH, soil texture,
n = 84 (samples from the pot experiments, unlimed variants)

Factor loads F1, F2, (F3)
Properties Mn Cd Co Zn Ni Be Pb As Cu Cr
oH -0.938 -0.854 -0.875 -0.863 -0.691 -0.895 0.836 0.731 0.722 0.550
0.516 0.647
MC 0.883 0.894 0.890 0.866 0.720 0.822 0.567 0.753 0.899 0.694
MN 0.962 0.828 0.904 0.859 0.782 0.891 -0.648 0.816 0.864 0.768
ED 0.902 0.902 0.925 0.881 0.919 (0.830) 0.898 0.886 0.951 0.839
6 0.792 0913 0.902 0.835 0.895 0.422 0.823 0.749 0.785 0.818
0.561
c 0.702 0.704 0.431 0.705 0.611 -0.631 0.773 0.537 0.663 0.476
(-0.586) (0.509)
& T (0.863) -0.805 (0.795) -0.816 -0.862 0.812 -0.413 0.900 0.922 0.941
0.762
& [0 (0.938) -0.671 (0.854) -0.654 -0.759 0.868 -0.428 0.837 0.854 0.874
0.680
Loads % F1 351 42.0 34.1 43.0 38.6 345 348 36.8 46.7 37.6
Loads % F2 249 30.6 254 28.2 32.6 24.1 325 28.5 27.7 279
Loads % F3 (17.5)

mobilizable pool of elements. Therefore we are firstly
dealing comprehensively with this group of potentially
hazardous trace elements.

Results of the factor analysis, which comprises the
widest set of variables affecting the mobility of trace
elements are given in Tab. II. This set involves in com-
parison with the others additionally the values of CEC,
of the content of amorphous free Fe and Al oxides and
the relation of the amorphous fraction to the total con-
tent of nonsilicate Fe (Fey/Fe), often called Fe activity.
The two factors explain in this wide set of variables 50 to
57% of the total variation. The first factor, which par-
ticipation in the above mentioned group of trace ele-
ments counts for 29 to 37% in total variance, associates
in the same group mobile species, pH (indirectly) and
Aly, to some extend also Fe,. Variables showing maxi-
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mum correlation with the second factor involve poten-
tially mobilizable species and the total content (only Zn
is shifting to the third factor) and except of this also
humus and what concerns Zn and Ni also clays (nega-
tively).

When we restrict the selection of factors affecting
the elements mobility only on their total content, mo-
bile and mobilizable fractions we obtain results given
in Tab. III. The three extracted factors, which are re-
stricted only on trace elements (contents, relative values)
and pH explain in the mentioned group of elements 84 to
89% of the whole variation. The first factor becomes
for the studied group of elements (including Be) the
factor of the negatively pH-dependent effective mobil-
ity in absolute values (MN, MC) and also in relative
values (MN/TO, MC/TO). The first factor accounts for
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VI. Communalities to the factor analysis given in Tab. V

Communalities

Properties Mn Cd Co Zn Ni Be Pb As Cu Cr

pH 0.945 0.872 0.856 0.879 0.743 0.848 0.708 0.537 0.675 0.721
MC 0.884 0.810 0.887 0.770 0.672 0.748 0.571 0.808 0.484
MN 0.955 0.697 0.907 0.743 0.752 0.841 0.764 0.759 0.605
ED 0.848 0.814 0.865 0.800 0.860 0.741 0.788 0.920 0.704
TO 0.647 0.845 0.865 0.736 0.801 0.494 0.808 0.682 0.647 0.703
Cix 0.549 0.532 0.539 0.547 0.521 0.732 0.601 0.300 0.493 0.338
< | pum 0.893 0.689 0.859 0.704 0.766 0.822 0.751 0.858 0.871 0.886
< 10 pm 0918 0.550 0.819 0.517 0.577 0.863 0.645 0.730 0.774 0.796

VII. Factor analysis of data concerning the mobility of trace elements, their total content and main factors of their mobility (pH. soil texture,
humus), without plants, after In transformation and Varimax rotation, n = 178 (samples from the pot experiment, limed and unlimed variants)

Factor loads F1, F2, (F3)
Properties Mn Cd Co Zn Ni Be Pb As Cu Cr
pH -0.895 -0.804 -0.857 -0.836 (0.814) -0.857 (0.757) (0.818) 0.469 (0.630)
(0.660)
Limed -0.607 -0.675 -0.596 -0.660 (0.677) -0.554 (0.717) (0.765) (0.892) (0.919)
MC 0.859 0.831 0.844 0.766 0.608 0.783 0.648 0.767 0.860 0.507
MN 0.921 0.819 0.817 0.850 0.604 0.878 (-0.715) 0.792 0.851 0.758
ED (0.883) 0.906 (0.913) 0.882 0.865 (0.789) 0.825 0.868 0.959 0.835
T0 (0.809) 0.901 (0.923) 0.819 0.864 (0.651) 0.788 0.845 0.786 0.741
(-0.427)
c (0.659) 0.678 -0.456 0.710 0.555 -0.439 0.739 -0.434 0.664 0.481
(0.545)
&l i 0.905 (0.901) 0.888 (0.892) 0.923 0.896 0.883 0.895 0.934 0.936
0.896
il 0917 (0.899) 0.903 (0.897) 0911 0.933 0.885 0.919 0.915 0.924
0.933
Loads % FI1 313 28.1 284 28.1 28.8 28.7 27.7 30.6 39.5 275
Loads % F2 23.0 259 234 24.2 24.6 227 23.2 23.1 225 20.7
Loads % F3 | (21.1) (22.3) (21.9) (23.2) (19.6) (15.9) (18.3) (15.4) (14.4) (12.8)

36 to 55% of variance. The second factor is for the most
part a factor of potential mobility, what concerns Cd,
Co, Ni also of total content and for all elements except
of Cd also factor of a relative values of mobilizable
fraction. The second and third factors taken together
reflect total and potentially mobilizable pool. These facts
support our approach to the prediction of mobile spe-
cies from the restricted parameters of trace elements
(TO, ED, MN - MC) and pH, which is being published
separately (Némecek et al., 1996). Communalities to
factor analysis of the narrow set of variables show
(Tab. IV) for the mentioned group of elements high
weights for all characteristics. This gives evidence that
their variance is explained by the three factors in a sig-
nificant degree.

Tabs V, VI present the factor analysis of sets with
a standardized participation of characteristics. Besides
the total content, the content of the potentially mobi-

342

lizable and of both mobile fractions in this set involves
pH, texture and humus content. This set of charac-
teristics has two versions: without limed variants and
with limed variants of acid soils. The set lacking pH
regulation reflects again very markedly the first men-
tioned group of trace elements (Mn, Cd, Co, Zn, Ni).
This fact is reflected first of all in a distribution of
variables distribution between the first and second factors
(weights of F| + F, 59 to 73%) in the following way:
* F, associates pH-negatively-dependent mobilities (mo-
re complicated only in case of Ni) and indirectly
clay-dependent mobilities for Cd, Ni, Zn
* F, associated potentially mobilizable and total con-

tents with the participation of C,

Negative dependence of mobilities on texture, which
manifest themselves in the weight of the first factor in
case of Cd, Zn, Ni, was confirmed also in sequential
analyses (1988) and in experiments with simulated loads
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of samples. Liming weakened the relation of pH to mo-
bile species of Ni and the first factor becomes then the
factor of the effective and potential mobility, with simi-
lar participation in the whole variance as shows the
pH-dependent mobility of the other elements, which
expressively declined when compared with the unlimed
set. Liming showed itself in weakening of relations of
mobile species to clay content.

Comunalities (Tabs IV, VI) provide us with informa-
tions about the participation of common factors on the
variance of a certain variable. We can make a general
statement that values of communalities are high (> 0.7)
both in cases of analyzed sets with different extension
and in case of single trace elements. Decreased values
show most often C,,, but at least one of the mobile
species of Ni, Pb, As, Cr, V, but also pH in case of Pb,
As, Cu, Cr, V and total content of Be. High values of
communality of main variables affecting markedly the
mobility of trace elements Mn, Cd, Co, Zn, Ni (it means
of total content, mobilizable fraction and pH, but also
of clay content) and high values of mobile species too
give evidence of favorable conditions for the prediction
of mobilities based on the mentioned parameters.

The behavior of the other trace elements is much
more complicated. Be, the mobilizable fraction of which
is very low, is characterized by negatively pH-depen-
dent mobility. The first factor associates in a standard-
ized set of variables in addition to mobile species also
the trace element pool. What concerns Pb, only in a set
lacking geogenic extremes the first factor correlates with
mobility (MN), indirectly with pH and partly clay con-
tent. In this case the second factor associates the pool
of the element and humus. In the other cases the relation
to pH diminishes and first factor correlates then with
the pool of the element, humus, with some of the mo-
bile fractions and indirectly with clay. Similar behavior
is found for copper, but in some combinations the first
factor involves pH in direct relation. The same applies
for As, but in the most restricted set the first factor
associates directly pH in relation to relative mobilities.
For As, Cu, Cr is the first factor correlated with mobili-
ties, but not with clay. Cr shows great difference among
sets due to low values of mobile species.

Concluding the contribution we have to repeat the
statement about the similar behavior of trace elements
Mn, Cd, Co, Zn, Ni and individual behavior of the rest
of investigated elements. In respect to the fact that dif-
ferent relations in undifferentiated sets, distinguished by
the range of variables, can be affected by specific features
of soil loads, we restricted in further studies our attention
on standardized sets and focused the evaluation on a con-
sequent subdivision of sets in accordance with the speci-
ficity of loads (geogenic, anthropogenic).
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POSSIBILITIES OF THE PREDICTION OF TRACE
ELEMENTS MOBILITY IN SOILS
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ABSTRACT: It has been proved that we can make predictions of the contents of mobile species of trace elements, based on
multiple regression analysis from a limited number of variables. Prediction equations of the mobile fraction soluble in 1M
NH4NO; reflect in the simplest form the (indirect) dependence upon pH and total content (Cd, Co, Ni, Be) or potentially
mobilizable fraction (Mn, Zn). For other trace elements the prediction equation comprises total and mobilizable contents (Cr,
Cu) or pH (directly) and either potentially mobilizable (Cu) or total content (As). Similar results have been obtained for the
prediction of mobile species in 0.1M CaCl,. The complexity and possibility of deriving the prediction equation depends upon
the participation of geogenic extremes and severe anthropogenic contamination and measures taken for pH regulation in the
analysed set of samples.

Keywords: trace elements; mobile species; prediction equations; multiple regression analysis

ABSTRAKT: Byla prokazana moZnost predikce obsahu mobilnich specii stopovych prvki vicenasobnou regresni analyzou
z omezeného poftu proménnych. Rovnice predikce mobilni frakce rozpustné v IM NH4NO; odrdZeji v nejjednodussi formé
zavislost rozpustnosti na pH (nepiimo) a na celkovém obsahu (Cd, Co, Ni, Be) &i na obsahu potencidlné mobilizovatelné
frakce (Mn, Zn). U ostatnich prvki zahrnuje predikéni rovnice celkové a mobilizovatelné obsahy (Cr, Cu) nebo pH (pfimo)
a bud' potencidlné mobilizovatelny (Cu), nebo celkovy obsah (As). Podobné vysledky byly ziskédny pro predikci mobilni frakce
rozpustné v 0,01M CaCl,. SloZitost a moZnost odvozeni predik¢ni rovnice zdvisi na podilu geogennich extrému & vyrazné

antropogenni kontaminaci a provedeném viapnéni v souboru analyzovanych vzorka.

Klicova slova: stopové prvky; mobilni specie; predik&ni rovnice; vicendsobnd regresni analyza

INTRODUCTION

The first step in the prediction of transfer of poten-
tially trace elements into plants (bioavailability) is the
possibility to derive the general regularities of their mo-
bility in soils.

We have been dealing (PodleSdkovd, Némecek, 1999)
with factors determining the mobility of single trace
elements (TEs) in soils. After we had made analysis of
all most often investigated factors, which affect the mo-
bility of hazardous elements (total, content of trace ele-
ments, content of potentially mobilizable fraction, pH,
clay, humus, CEC, content of free Fe and Al), we have
come to the conclusion, that it is not only possible, but
even necessary to focus on limited set of variables, cre-
ating conditions of TEs mobility. The mentioned lim-
ited set involves apart of TEs pool (total, potentially
mobilizable TEs contents) pH, clay and humus.

It turns out that the very important factor of TEs
mobility is the difference between the geogenic (litho-
genic, chalcogenic, pedogenic) fraction, which is more
strongly bound in soils and anthropogenic fraction with
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significantly increased potential mobility (Kunze et al.,
1991). The mentioned forms of soil loads manifest them-
selves in an extreme manner in soils with extreme geo-
genic loads (mafic, ultramafic parent materials, metal-
logenically affected materials) and on the other and in
fluvial anthropogenic loads.

Briimmer et al. (1991) showed that the prediction of
the effective mobility for some TEs can be derived from
relations between total content (Cd, Cu, Pb) and pH or
between pH and the potentially mobilizable fraction
(Mn, Zn).

Taking into account these facts led us to paying at-
tention to prediction purposes of the effective mobility
only to its dependence upon the total TEs content, its
potentially mobilizable fraction and the pH.

MATERIAL AND METHODS
A set of 54 samples of representative soil of the

Czech Republic, which have been used for pot experi-
ments with transfer of hazardous elements into test crops
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and 42 samples from field investigation has been ana-
lysed. This set involves Arenosols, Luvisols, Stagnosols,
Cambisols, Podzols and Fluvisols.

In these samples the following values were determi-
ned in repeated variants with pH regulation (liming to
pH 6.5) and without pH regulation:

— total content of trace elements (TO) after decompo-
sition in HC1O,4 + HF + HNO;
content of potentially mobilizable (ED) fraction (ex-
traction in 0.025M Na,EDTA)
— content of mobile fractions after extractions in 1M
NH,NO3; (MN) and 0.01M CaCl, (MC)
— exchangeable pH (in 0.1M KCI)

Multiple regression analysis was used to derive
(from total, potentially mobilizable pool of TEs and pH
as independent variables) relations to the dependent va-
riable, i.e. mobile species from the data obtained by the
mentioned analytical procedures after elimination of ex-
treme outliers and the In transformation of data. The
calculations were made for 1M NH4;NO; (MN) and also
for 0.01M CaCl, (MC). We present an example of cal-
culated values of the coefficients of the regression
equation and testing of their significance (sig t < 0.05)
for mobile species of Zn in 1M NH4NO;.

Dependent variable: MN,, — mobile species of Zn

Independent variables B SE B t sig 1
ED,, 0.535 0.154 3.461 0.001
pH -1.662 0.121 13.629  0.001
c 7.127 0.686 10.379 0.001
B = coefficients of the regression equation

SE B = mean error of coefficients

t = value of the r-test

sig t = significance with the limit < 0.05

Hereafter we present results of the multiple regres-
sion analyses in case when coefficients B next are sig-
nificant and therefore sig ¢ < 0.05. They are displayed
in form of regression equations. The above-mentioned
example reflects the relation In MNz, = 0.535 In ED —
1.662 pH + 7.172.

Considering the expressive affecting of relations due
to the representation of soils characterized by geogenic
and anthropogenic fluvial extremes (and extent of the
set) the relations were calculated except of the whole
set also for subsets:

— lacking geogenic anomalies and fluvial extremes
— lacking geogenic anomalies

The further differentiation is given by the extent of
two subsets, involving samples from unlimed variants
of the pot experiment (E), samples from the pot experi-
ments and field investigatings (E + T) and samples from
the pot experiment which include both limed and un-
limed variants. For the interpretation of results of the
mobilities prediction it is naturally not important
whether samples originate from pot experiments or
field investigations.
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RESULTS AND DISCUSSION

Tab. I presents prediction equations of TEs mobili-
ties, which derive the content of mobile fraction of TEs
soluble in 1M NH4NO; from relations among the total
content, potentially mobilizable pools of TEs and pH.

What concerns manganese, optimal prediction of the
mobile fraction can be derived from the content of po-
tentially mobilizable pool and pH. Subsets do not affect
the general type of relations. The increase of the B coef-
ficient for ED is evidently given by the great share of
acid soils in the set lacking liming.

Cadmium, the geogenic anomalies of which are not
taken into consideration due to the small participation
within the set, shows differences in the type of the ex-
pression of relations and in the differentiation in accor-
dance with the set and its affecting by liming. The most
simple relations, which follow from the total content
and pH, indicates an unlimed subset from the pot ex-
periment, in which fluvial extremes are lacking. Even
the liming does not affect them in such a manner as the
heterogeneity of the set involving pot experiment and
field investigations. In the evaluation of the total set,
manifested itself the potentially mobilizable pool, the
practical use of which is less preferable for Cd to the
total content. Liming complicates relations in the whole
set.

The most simple relations for zinc are derived for the
samples from pot experiments. Only ED and pH make
their presence felt. Liming and expanding of the set
makes the relation more complicated because the total
content participates additionally in the relation.

Simpler relations for cobalt are derived from the to-
tal content and pH in the most homogeneous set lacking
extremes and in the whole set of pot experiment without
liming. Extending of the set and liming introduces into
the prediction equation also potentially mobilizable
form.

The simplest relations for nickel were derived in the
most homogenous sets lacking extremes, namely be-
tween the total content and pH (and between the poten-
tially mobilizable fraction and pH for limed soils lack-
ing geogenic anomalies). The extension of the set and
also liming has again the influence on the complication
of relations.

The last of the elements, which are characterized by
the pH-negatively-dependent mobility on the TEs pool,
is beryllium. In the most narrow set, lacking all ex-
tremes, manifest themselves the potentially mobilizable
pool and pH. In the whole set mobility is affected by
pH and the total content. Liming complicates relations
in the purest set.

Afterwards follow elements, the mobility of which
does not depend in lesser extent upon the pH. For lead
no predictions could be found. For chromium relations
were derived for extended sets, in which only total con-
tent and potentially mobilizable content occur. Liming
affects relations in a small degree, geogenic anomalies
make themselves felt.
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I. Prediction of the mobility of trace elements (IM NH4NO3), derived from total contents, contents of potentially mobilizable fraction and pH by multiple regression analysis

Element | Set without geogenic anomalies and fluvial extremes Set without geogenic anomalies The whole set
E |In MN =0.610 In ED - 1.601 pH + 8.363 [56]| In MN = 0.521 In ED - 1.620 pH + 8.889 [78]| In MN = 0.503 In ED - 1.638 pH + 9.031 [84)
Mn | ET | In MN = 0.487 In ED - 1.543 pH + 8.518 [130] In MN = 0.330 In ED - 1.561 pH + 9.356 [206]
Ev | In MN = 0.517 In ED - 1.609 pH + 8.830 [114]| In MN = 0.454 In ED - 1.624 pH + 9.218 [146]| In MN = 0.374 In ED - 1.610 pH + 9.494 [178]
E |[InMN =0.568 In TO - 0.928 pH + 2.174 [68] In MN = 0.486 In ED - 0.851 pH + 2.277 [84]
Cd | ET [In MN =0.355 In TO + 0.258 In ED - 0.857 pH + 1.855 [169] In MN = 0.508 In ED - 0.809 pH + 1.819 [206]
Ev | In MN = 0.585 In TO - 0.876 pH + 1.820 [150] In MN = 0.370 In TO + 0.256 In ED - 0.829 pH + 1.904 [178]
E In MN = 0.620 In ED - 1.756 pH + 7.443 62]| In MN = 0.754 In ED - 1.798 pH + 7.428 [90]| In Mn = 0.702 In ED - 1.700 pH + 7.077 [84]
Zn |ET In MN = 0.585 In TO + 0.404 In ED — 1.617 pH + 4.631 [206]
Ev | In MN = 0.663 In TO + 0.279 In ED - 1.639 pH + 4.514 [134]| In MN = 0.449 In TO + 0.450 In ED - 1.619 pH + 5.083 [158]| In MN = 0.654 In TO + 0.384 In ED - 1.596 pH + 4.146 [178]
E |InMN = 1372 In TO - 1.262 pH + 0.651 [56]| In MN = 1.787 In TO - 0.334 In ED - 1.112 pH - 0.985 [78]| In MN = 1.185 In TO — 1.260 pH + 0.995 (84]
Co | ET [InMN = 1.572 In TO - 0.316 In ED - 1.016 pH - 0.980 [130] In MN = 1.124 In TO - 0.284 In ED - 0.991 pH - 0.165 [206]
Ev | In MN = 0.519 In TO - 0.281 In ED - 1.034 pH - 0.714 [114][ In MN = 1.542 In TO - 0.338 In ED - 1.0 pH - 0.976  [146]| In MN = 1.155 In TO - 0.279 In ED - 1.025 pH - 0.003 [178]
E In MN = 1.427 In TO - 1.071 pH - 1.178 [56]| In MN = 1.420 In TO - 1.087 pH + 1.420 [78]| In MN = 0.927 In TO + 0.312 In ED - 1.128 pH + 0.153 [84]
Ni | ET [In MN =0.323 In TO + 0.244 In ED - 0.802 pH + 0.389 [130] In MN = 0.582 In TO + 0.251 In ED - 0.903 pH + 0.198 [206]
Ev | In MN =0.407 In TO + 0.219 In ED - 0.817 pH + 0.270 [114]| In MN = 1.002 In ED - 0.816 pH — 1.280 [146]| In MN = 0.617 In TO + 0.212 In ED - 0.898 pH + 0.091 [178]
E |InMN =0.429 In ED - 1.394 pH + 3.189 [68] In MN = 0.413 In TO - 1.354 pH + 0.804 [84]
Be |ET [InMN =0.339 In ED - 1.264 pH + 2.048 [169] In MN = 0.210 In TO - 1.273 pH + 0.536 [206]
Ev | In MN = 0.262 In TO + 0.225 In ED - 1.176 pH + 0.977 [150] In MN = 0.289 In TO - 1.214 pH + 0.094 [178]
E |[In MN =0.861 In ED - 0.340 In TO - 2.990 [62]] In MN = 0.956 In ED - 0.349 In TO - 3.083 [90]| In MN = 0.928 In ED - 0.316 In TO - 3.147 [84)
Cu [ET |InMN =0.672 In ED + 0.210 pH - 5.137 [151] In MN = 0.756 In ED + 0.225 pH - 5.327 [206]
Ev | In MN = 0.885 In ED - 0.330 In TO - 2.964 [134]| In MN = 0.937 In ED - 0.318 In TO - 3.062 [158]| In MN = 0.878 In ED - 0.244 In TO + 0.134 pH - 4.034 [178]
E In MN = 0.452 In TO - 4.665 [62]| In MN = 0.462 In TO + 0.224 pH - 5911 [90]| In MN = 0.626 In TO + 0.168 pH - 6.125 [84]
As | ET | In MN = 0.479 In TO + 0.194 pH - 5.900 [151] In MN = 0.506 In TO + 0.112 In ED + 0.211 pH - 6.113 [ 206]
Ev [ In MN =0.528 In TO + 0.180 pH - 5.906 [134]| In MN = 0.168 In TO + 0.142 In ED + 1.123 pH — 4.045 [158]| In MN = 0.652 In TO + 0.108 In ED + 0.195 pH - 5.989 [178]
E In MN = 0.145 In TO + 0.097 In ED - 5.023 [78]
Cr | ET In MN = 0.074 In TO + 0.072 In ED - 4.794 [206]
Ev In MN = 0.137 In TO + 0.061 In ED - 5.047 [146]| In MN = 0.077 In TO + 0.091 In ED - 4.778 [178]

Explanations to Tabs I, II:
E = samples from the pot experiment, without liming

ET = samples from the pot experiment and field investigations, without liming

Ev = samples from the experiment, limed and non limed
[ ] = number of data
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IL. Prediction of the mobility of trace elements (0.01M CaCl,) derived from total contents, contents of potentially mobilizable fraction and pH by multiple regression analysis

Element | Set without geogenic anomalies and fluvial extremes Set without geogenic anomalies The whole set

E In MC = 0.695 In ED - 1.369 pH + 6.767 [56]| In MC = 0.523 In ED - 1.408 pH + 7.705 [78]| In MC = 0.519 In ED - 1.377 pH + 7.569 [84]
Mn [ ET | In MC =03351n ED - 1.110 pH + 6.804 [171] . In MC = 0.167 In ED - 1.146 pH + 7.763 [258]

Ev | In MC = 0.464 In ED - 1.298 pH + 7.514 [114]| In MC = 0.320 In ED - 1.317 pH + 8.238 [146]| In MC = 0.241 In ED - 1.272 pH + 8.349

E In MC = 0.376 In TO + 0.488 In ED - 1.167 pH + 3.832 [68] In MC = 0.642 In ED - 1.116 pH + 3.610 [84]
Cd | ET |In MC = 0.426 In ED - 0.769 pH + 1.005 [212) In MC = 0.470 In ED - 0.746 pH + 0.967 [255]

Ev | In MC = 0.391 In ED - 1.018 pH + 2.647 [68] In MC = 0.435 In ED - 1.000 pH + 2.640 [178]

B In MC = 0.499 In ED - 1.325 pH + 4.509 [62]| In MC = 0.646 In ED — 1.414 pH + 5.206 [90]| In MC = 0.628 In ED - 1.371 pH + 5.010 (84]
Zn | ET

Ev | In MC =0.347 In ED - 1.176 pH + 4.852 [134]| In MC = 0.467 In ED — 1.202 pH + 4.707 [158]

E |InMC=1.183InTO - 1.017 pH - 0.157 [56]| In MC = 1.135 In TO - 0.944 pH - 0.541 [78]| In MC = 0.827 In TO - 0.949 pH + 0.222 (84]
Co [ET |In MC = 0.666 In TO - 0.686 pH - 1.029 [171] In MC = 0.407 In TO - 0.653 pH - 0.648 [255]

Ev |[InMC =0.717 In TO - 0.863 pH + 0.130 [114]| In MC = 0.686 In TO - 0.824 pH - 0.051 [146]| In MC = 0.397 In TO - 0.766 pH + 0.222

E In MC = 0.193 In ED - 0.379 pH - 0.506 [50]| In MC = 0.219 In ED + 0.483 In TO - 0.544 pH - 0.966 [78]| In MC = 0.410 In ED - 0.540 pH + 0.217 (84]
Ni | ET | In MC =0.134 In ED - 0.397 pH - 0.373 [150] In MC = 0.248 In ED + 0.229 In TO - 0.518 pH - 0.433 [255]

Ev | In MC = 0.124 In ED - 0.310 pH - 0.821 [98]| In MC = 0.359 In TO + 0.186 In ED - 0.416 pH - 1.210 [146]| In MC = 0.325 In ED - 0.427 pH - 0.267 [178]

E In MC = 0.380 In ED - 0.447 pH - 1.698 [68] In MC = 0.286 In ED - 0.470 pH — 1.992 [84]
Be | ET | In MC =0.259 In TO + 0.242 In ED - 0.387 pH - 2.787 [212] In MC = 0.242 In TO + 152 In ED - 0.423 pH - 2.951  [255]

Ev |In MC =0.158 In TO + 0.197 In ED - 0.336 pH - 3.276 [150] In MC = 0.153 In TO + 0.138 In ED - 0.346 pH - 3.478 [178]

B In MC = 0.466 In TO + 0.112 pH - 5.296 [90] In MC = 0.261 In ED - 3.614 [84]
Pb [ ET |In MC =0.368 In TO - 4.314 [191] In MC = 0.414 In TO - 4.533 [255]

Ev |In MC =0.3111InTO + 0.114 pH - 4.771 [134]| In MC = 0.374 In TO + 0.114 pH - 4989 [158]

E In MC = 0.180 In TO + 0.413 In ED - 3.792 [62]] In MC = 0.210 In TO + 0.446 In ED - 3.902 [90]| In MC = 0.196 In TO + 0.438 In ED - 3.910 [84]
Cu | ET |In MC =0.178 In TO + 0.366 In ED - 3.797 [191] In MC = 0.250 In TO + 0.390 In ED - 4.056 [255]

Ev | In MC = 0.143 In TO + 0.489 In ED - 0.088 pH — 3.254 [134]| In MC = 0.133 In TO + 0.494 In ED - 0.098 pH - 3.172 [158]| In MC = 0.187 In TO + 0.429 In ED - 3.860

E In MC = 0.298 In ED - 2.751 [62]| In MC = 0.220 In ED - 2.790 [90]| In MC = 0.333 In ED - 2.771 [84])
As | ET | In MC = 0.274 In TO + 0.138 In ED + 0.156 pH - 4.659 [169] In MC = 0.208 In TO + 0.159 In ED + 0.116 pH — 4.241 [233]

Ev | In MC = 0.320 In TO + 0.136 In ED + 0.125 pH — 4.543 [134]| In MC = 0.168 In TO + 0.142 In ED + 0.123 pH - 4.045 [158]| In MC = 0.137 In TO + 0.204 In ED + 0.082 pH - 3.718 [178]

E In MC = 0.322 In TO - 5.645 In MC = 0.177 In TO + 0.114 In ED - 4.939 [84)
Cr [ ET |In MC =0.302 In TO - 0.129 pH — 4.485 [171) In MC = 0.208 In ED - 0.105 pH - 3.177 [255])

Ev [ In MC =0.227 In TO - 5.187 [114]| In MC = 0.237 In TO - 5.238 In MC = 0.118 In ED - 0.098 pH - 4.757 [178]




What concerns copper and arsenic, we can deduce
equations, which involve or do not involve pH. In any
case pH manifests itself in a direct relation to the con-
tent of the mobile species of elements. For copper rela-
tions were derived from pot experiments, in which total
and potentially mobilizable forms occur, with compli-
cation with liming of the whole set. Prediction equa-
tions for extended sets comprising field investigations
include potential mobility and pH. Arsenic shows a di-
versified pattern of relations. The simplest relation in-
clude only relation between the mobile species and the
total content. The extension of the most homogeneous
set and liming leads to the manifestation of a direct
dependence on pH and a mobilizable fraction. The most
complicated relation with the manifestation of all fac-
tors (ED, TO, pH) we find in the whole set extended
by field observations and after liming of the whole set
of pot experiments.

The most permissible relations have been selected
from all mentioned prediction equations which concern
the 1M NH,4NOj soluble mobile species, listed in Tab. I.
They will be verified.

In MNy, = 0.503 In EDyq, — 1.638 pH +9.031

In MNgy=0.568 In TOcy— 0.928 pH +2.174

In MNg, = 0.702 In ED,, — 1.700 pH + 7.077

In MNg,, = 0.585 In TOZ,, + 0.404 In ED, — 1.617 pH +4.631

In MNg, = 1.185 In TOg, — 1.260 pH + 0.995

In MNg, = 1.124 In TOg, - 0.284 In ED, - 0.991 pH - 0.165

In MNy; = 1.420 In TOy; - 1.087 pH + 1.420

In MNy; = 0.582 In TOy; + 0.251 In EDy; — 0.903 pH + 0.198

In MNg, =0.210 In TOg, - 1.273 pH + 0.536

In MN, = 0.074 In TOg, + 0.072 In ED, - 4.794

In MNg, = 0.937 In ED¢,, - 0.318 In TO(,, - 3.062

In MNg, = 0.756 In ED, + 0.225 pH - 5.327

In MN, = 0.462 In T +0.224 pH—5.911

The relations which have been derived from the mobile
species, soluble in 0.01M CaCl, and given in Tab. II,
have been viewed in a similar way. For elements with
negatively pH-dependent mobility we find analogical re-
lations as stated for 1M NH4NO; — extracts.

Very similar relations are found for manganese. In
the case of cadmium potential mobility shows itself
more markedly. The most complicated relation manifest
itself in the purest set. Zinc shows the same types of
relations which include ED and pH in all variants. Lim-
ing affects the decline of the coefficients of the predic-
tion equation in a similar way as it does in case of Cd.
The relations to the dependent variable are more simple
for cobalt with participation of TO and pH when the

influence of liming and of extreme values decreases.
Analogical relations show nickel. Mainly potentially mo-
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bilizable pool and pH manifest themselves, with com-
plications in a set lacking geogenic anomalies due to
Fluvisols and in an expanded set with field observa-
tions. Beryllium shows the most simple relations with
the dominance of ED and pH in samples from the pot
experiment. After liming and expanding of the set the
relation becomes complicated.

In prediction equations for the other elements only
total and potentially mobilizable pool start to show them-
selves, in some cases also pH. It is interesting that it
was possible to deduce prediction equations also for
lead. The influence of liming (in a set lacking geogenic
anomalies) on the regression equation is low. In sam-
ples used in the experiment only mobilizable forms or
total content and pH manifest themselves in prediction
equations. It was even possible to derive relation for Cr,
which is characterized by very low values of both mo-
bile and mobilizable species. Some significance have only
those relations, which include not only total content but
also a potentially mobile fraction and pH.

We find similar relations for copper not only for pure
sets but also for sets involving geogenic variants and
fluvial extremes. In more homogeneous but limed vari-
ants complicated relations occur. The most simple rela-
tions for arsenic are found in sets of unlimed samples
from the experiment, only mobilizable fraction is the
most important. Extending of the set and liming intro-
duces into relation all used independent variables.

Promising prediction equation has been selected from
Tab. II for the mobile species soluble in 0.01M CaCl,
in a similar way as for IM NH4NO5. They will be also
verified in the future.

In MCyy, = 0.519 In EDyy, — 1.337 pH + 7.569

1n MCgq= 0.470 In EDy - 0.746 pH +0.967

In MCy, = 0.628 In ED,, — 1.371 pH +5.010

In MCq, = 0.827 In TOg, - 0.949 pH +0.222

In MCy; = 0.410 In EDy; — 0.540 pH + 0217

In MCg, =0.286 In EDg, — 0.470 pH — 1.992

In MCp, =0.242 In TOg, + 1.152 In EDg, — 0423 pH - 2.951
In MCpy = 0.261 In EDpy - 3.614

In MCpy, = 0.466 In TOp, +0.112 pH — 5.296

In MCq, = 0.177 In TOg + 0.114 In ED¢, —4.939

In MCg, = 0.208 In ED¢, - 0.105 pH —3.177

In MCg, = 0.196 In TOg, + 0.438 In EDg, - 3.910

In MCp, = 0333 In ED,, - 2.771

In MCjs = 0.208 In TO, + 0.159 In ED 5 + 0.116 pH — 4.241

It has been proved that the prediction equation de-
pends not only upon the homogeneity of the analyzed
set (admixture of geogenic anomalies and fluvial an-
thropogenic extremes) but also on the pH regulation by
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liming. Relation between pH and the trace elements
mobility is therefore significantly affected by liming.
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KONTAMINACE PUDY A ZELENINY ZAVLAHOVOU
VODOU Z LABE

CONTAMINATION OF SOIL AND VEGETABLES BY IRRIGATION
WATER FROM THE LABE RIVER

J. Zavadil

Research Institute for Soil and Water Conservation, Praha, Czech Republic

ABSTRACT: The effect of irrigation by water from the Labe river in the profiles Litol (Nymburk district) and Jifice (M&Inik
district) on the content of Hg, Cd, Pb, As, chlorinated and nitrated phenols, aromatic amines and nitroaromates in soil, cabbage
and carrot was studied. The results were obtained by vegetation pot trials conducted in the years 1997 and 1998. The content
of Hg, Cd, Pb and As in the soil used in these trials and its agrochemical properties are in Tab. 1. The content of all measured
organic xenobiotic substances (OXL) in this soil was lower than is the limit of their determinability (Tab. V). It was found
that the content of Hg, Cd, Pb and As in the Labe water in the profiles Litol and Jifice is low in the regard of irrigations (Tab. II).
Even the highest found content of these hazardous elements (0.2 pg Hg.l'l, 1.74 pg cdl!, 7 He Pb.1™! and 7 Hg Asl™) is
considerably lower than the highest permitted content in irrigation water of purity class I, as determined by Czech Standard
75 7143 (Quality of water for irrigation). Of the measured OXL the Labe water in the profiles Litol and Jifice was the strongest
contaminated by some chlorinated and nitrated phenols (Tab. III). This is mainly the case of chlormethylphenols, dimethyl-
phenols and methyldinitrophenols. Their concentration in water was, except one case, the highest by some ug.]_l. Of nitro-
aromates — nitrotoluens and dinitrotoluens and of aromatic amines — ethylanilines, diethylanilines and dichloranilines were
found in some samples of Labe water. Concentration of these substances in water, however, did not exceed 1 p.gAl_l. Watering
by Labe water from profiles Litol and Jifice was not a cause of statistically significant increase of the content of any hazardous
element and any OXL in soil (Tabs IV and V), nor in cabbage and roots of carrot (Tabs VI and VII). The content of all
measured chlorinated and nitrated phenols, aromatic amines and nitroaromates in soil as well as in vegetables was lower than
is the limit determinability. It is evident that the doses of hazardous elements and OXL applied by irrigation from Labe from
profiles Litol and Jifice are not dangerous for soil and crops. Even at high irrigation amount these values are low (Tab. VIII).
The doses of hazardous elements fluctuated from minimum 1 g.ha"l (Hg) to maximum 18 g.ha‘l (As). Of the measured OXL the
highest amount was recorded in some chlorinated and nitrated phenols. Their doses, however, ranged only in the units g.ha"'
The doses of aromatic amines and nitroaromates were several tenths g.ha'l and lower.

Keywords: hazardous elements; organic xenobiotic substance; content in irrigation water, soil and vegetables

ABSTRAKT: Byl sledovian vliv zdvlahy vodou z Labe v profilech Litol (okres Nymburk) a Jifice (okres Mé&lnik) na obsah
Hg, Cd, Pb, As, chlorovanych a nitrovanych fenoll, aromatickych aminii a nitroarométl v pidé, hldvkové kapusté a mrkvi.
Vysledky byly ziskdny z vegeta¢nich nadobovych pokust, vedenych v letech 1997 a 1998. Bylo zji§téno, Ze Zadny rizikovy
prvek ve vodé Labe ani svym nejvy$§im naméfenym obsahem (0,2 pg Hg.]_l, 1,74 pg cdl™t, 7 ug Pbl ! a7 ug Asl™)
neptekrodil nejvy$e pfipustny obsah v zdvlahové vodg I. tfidy &istoty podle CSN 75 7143. Z mé&fenych organickych xenobi-
otickych latek (OXL) bylo Labe v obou profilech nejsilnéji kontaminovano nékterymi chlorovanymi a nitrovanymi fenoly.
Jejich koncentrace ve vodé byly viak aZ na jednu vyjimku nejvySe nékolik ug.l". Koncentrace aromatickych amind a nitroaromati
ve vodé nepiekrodily 1 ug.l". Zilivka vodou z Labe v profilech Litol a Jifice nebyla pii¢inou statisticky priikazného zvy$eni
obsahu Zadného rizikového prvku ani OXL v pudé, v hlavkich kapusty ani v kofenech mrkve. Obsah viech méfenych chlo-
rovanych a nitrovanych fenoll, aromatickych amini a nitroaromat v pudé i zeleniné byl mensi neZ mez stanovitelnosti.

Klicova slova: rizikové prvky; organické xenobiotické latky; obsah v zdvlahové vodg, pidg a zelening

UvoD

Kontaminace Labe organickymi xenobiotickymi lat-
kami (OXL) a rizikovymi prvky je sledovéna v rdmci
monitoringu jakosti povrchovych vod, vedeného CHMU,
a v ramci programu MKOL. Z vysledki téchto méfeni
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(Kubat et al., 1998) je zfejmé, Ze Labe je ze zdvlahové
vyuZivanych toki CR nejsilngji kontaminovino orga-
nicky vazanymi halogenovymi latkami (AOX). V use-
ku od Pardubic po Litoméfice se obsah téchto latek
s pravdépodobnosti neptekroceni 90 % (Cqyp) pohyboval
v obdobi 1996 a% 1997 od 49,2 do 85,2 pg.1™. (Cyp se
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pouziva pro klasifikaci jakosti povrchovych vod a ja-
kosti zavlahové vody.) Podle Cyy AOX je voda v celém
tomto tseku Labe V. tfidy jakosti (velmi silné znecis-
t&na) ve smyslu CSN 75 7221. Kontaminaci Labe OXL
byla vénovana zvlaStni pozornost pii feSeni Projektu
Labe I a II. Bylo zji¥téno, Ze Labe je nejsiln&ji konta-
minovano té¢kavymi chlorovanymi latkami. V koncen-
traci aZ nékolik desitek ug.l_l byly ve vodé tohoto toku
naméfeny 1,2-dichlorethan, dichlorbenzeny a chlorben-
zeny. V inventarizaci vyznamnych emisi prioritnich la-
tek z komundlnich a pramyslovych bodovych zdroju,
provedené MKOL (1995), je uveden seznam latek, lat-
kovych skupin a sumdarnich parametrd, jejichZ emise je
nutno piednostné sniZit. Z 27 poloZek celkem je v tom-
to seznamu 15 OXL a osm rizikovych prvki. Obsah
rizikovych prvki ve vodé Labe je uveden v jiZ citované
ro¢ence (Kubit et al., 1998). V zavlahové vyuZivaném
tseku tohoto toku se Coy Hg pohyboval v rozmezi od
<0,10do 0,11 pg.I™!, Cgy Cd od 0,20 do 0,51 pg.I™!, Cyg
Pb od 2,2 do 7,5 pug.l™! a Cgy As od 10,3 do 28,1 pg.l™.
Podle Cg Cd a Cgyjy Pb byla voda v celém tomto tdseku
Labe I. tiidy jakosti (nezneCiSté€nd), podle Cgy, Hg IIL. tiidy
jakosti (mirn€ zneCi§ténd) a podle Cyy As IL, nékde viak
i IIL t¥idy jakosti (znei§ténd) ve smyslu CSN 75 7221.

Kontaminace vody z Labe OXL je hlavni pfi¢inou
jeji zvySené mutagenni aktivity (Cerna et al., 1996).
Frakcionaci OXL ve vodé Labe a vySetienim jednotli-
vych frakci téchto latek na mutagenitu Amesovym tes-
tem bylo zji§t€no, Ze mezi nejsilnéj§i mutageny, nacha-
zejici se ve vodé tohoto toku, patfi liatky ze skupiny
chlorovanych a nitrovanych fenolt, aromatickych amini
a nitroaromata (Zavadil, Bukovjan, 1998). Ve vzorcich
vody z Labe v profilu Valy (situovdn asi 6 km pod
mistem vypousténi odpadnich vod z a. s. Synthésia, Par-
dubice-Semtin), vySetienych v roce 1996 Amesovym tes-
tem, byla naméfena maximalni koncentrace napf. methyl-
dinitrofenoli 88,1 ug.l_‘, monochlorfenolt 10,3 ug.l‘],
nitrotoluent 98,2 pg.l‘l, chloranilini 11,6 ug.l" a ani-
linu 6,7 pg.1™.

Usek Labe od Pardubic po soutok s Vltavou, ktery
je nejsilnéji kontaminovan OXL, je zdrojem zavlahové
vody pro vice nez 13 000 ha privatizovanych zdvlah.
Vodou z tohoto tiseku Labe se zavlazuji predevsim ze-
lenina a rané brambory, tedy na vodu nédroéné, triné
zajimavé plodiny. Z divodu vysoké nebezpe&nosti sil-
né mutagennich OXL pro lidi byl zji$tovan vliv pouZi-
vané zavlahové vody z Labe na jejich obsah v pudé
a zeleniné.

MATERIAL A METODA

Vliv zavlahy vodou z Labe na obsah OXL v pudé
a zeleniné byl sledovan ve vegetainim nadobovém poku-
su, ktery byl veden ve skleniku na pracovisti VUMOP
Praha v Hofiné, v okrese Mélnik v letech 1997 a 1998.
Pro pokus byla vybrana hlavkova kapusta (odrida Zluta
rand) a mrkev (odrida Delicia). Pokus zahrnoval dvé
varianty se zélivkou vodou z Labe: z profilu Litol (fi¢ni
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km 152,0) a z profilu Jifice (fi¢ni km 126,5) a kontrolni
variantu se zélivkou Cistou studni¢ni vodou. Profil Litol
reprezentuje mista odbéru vody z Labe pro zavlahové
soustavy na okrese Nymburk a profil Jifice mista odbé-
ru vody z tohoto toku na okrese Mélnik nad soutokem
s Vitavou. Zavlahova voda byla k mrkvi i k hlavkové
kapusté aplikovana zalivkou na pudu.

K pokusu byly pouZzity Mitscherlichovy vegetacni
nadoby o praméru i vySce 0,20 m, naplnéné 6 kg lehké
hlinitopis¢ité zeminy s obsahem vSech méfenych OXL
menSim neZz mez jejich stanovitelnosti. Obsah riziko-
vych prvkl v této zeminé a jeji agrochemické vlastnosti
uvadi tab. I. Kazda varianta pokusu s hlavkovou kapus-
tou a mrkvi méla osm opakovéni. V naddobé& byla bud
jedna kapusta, nebo sedm mrkvi. U kazdé varianty byl
ze dvou po sobé nasledujicich opakovéani vytvoien je-
den smésny vzorek.

Byly analyzovény vzorky kontrolni vody, vody z Labe
pouzité k zalivce, pidy a konzumnich ¢asti zeleniny, tj.
hlavek kapusty a kofeni mrkve. Vzorky kontrolni vody
byly odebrany v kazdém roce na zaCatku pokusu a na
jeho konci. Obsah Hg, Cd, Pb a As v kontrolni vodé je
uveden v tab. II. Obsah vSech méfenych OXL byl v této
vodé mensi neZ mez stanovitelnosti. Vzorky vody z La-
be byly odebrany jako prosté (jednorazové a nahodile),
jednou tydné soucasné s odbérem vody pro zdlivku ze-

I. Obsah rizikovych prvkil v zeminé pouZité pii vegetacnich nadobovych
pokusech a jeji agrochemické vlastnosti (aritmeticky pramér 3 vzorkl) —
The content of hazardous elements in soil during vegetation pot trials
and its agrochemical properties (arithmetic mean of 3 samples)

Ukazatel' 1997 1998
pH vyménné? 7,03 6,77
Cox (%) 2,44 1,88
1. kategorie* (%) 11,8 153
Zrnitost® II. kategorie (%) 15 8.4
II1. kategorie (%) 26,1 21,2
IV. kategorie (%) | 54,6 55,1
S (mmol.100 g™') 12,2 10,8
(mmol.100 g™") 12,9 10,9
% %) | 949 99,1
H* (mmol.100 g™) 0,7 0,1
Pfistupné u 292 231
Ziviny podle’ K 750 431
{‘f::::z'.‘f‘) i Mg 480 220
Ca 2771 2212
Rizikové prvky® Cd 0.16 0.13
vyluh’ 2M HNO; | Pb 11,1 10.2
(mg kg™ As 1,01 1,04
Hg 0,085 0,079
Sélzl:gs;,’éog;‘:l‘]x cd 0,17 023
(mg.kg™) Pb 233 272
As 8,03 6,83

lindicator, zexchangeable‘ 3gmin size, 4czm:gory. Savailable nutrients
according to, ®hazardous elements, “extract, "total content
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leniny ve vegetalnich pokusech. Nadoby s vodou Labe
pouzivanou k zalivce byly uloZeny v lednicce.

Obsah Hg, Cd, Pb a As stanovila akreditované labora-
tof VUMOP Praha (Hg na pfistroji AMA 254, ostatni
rizikové prvky metodou atomové absorp&ni spektrometrie
AAS). Obsah Hg v pudé byl stanoven jako celkovy (ve
vyluhu smési HNO;, HCIO4 a HF) a ve vyluhu 2M HNO;.
Chlorované a nitrované fenoly, aromatické aminy a nit-
roarométy stanovil Aquatest, Stavebni geologie, a. s.
Vzorky vody pro stanoveni chlorovanych a nitrovanych
fenolu byly po okyseleni na pH 2 extrahovany na SPE
(Solid Phase Extraction) kolonce. Zachycené fenoly by-
ly eluovany dichlormethanem a po derivatizaci analy-
zovany metodou plynové chromatografie a hmotnostni
spektrometrie (GS/MS). Z ptdy a zeleniny byly chlorova-
né a nitrované fenoly extrahovany smési dichlormethanu
a acetonu (4 : 1). Extrakt byl po filtraci, zakoncentro-
véni, rozpusténi v 0,1% HNO; a u vzorki zeleniny po
odstranéni vysrazeného chlorofylu extrahovan na SPE
kolonkach. Dale se postupovalo stejnym zptsobem jako

v pfipadé vzorkl vody. Aromatické aminy a nitroaro-
maty ve vodé€ byly stanoveny po okyseleni na pH 2 me-
todou GS/MS s headspace davkovadem. Z pudy byly
tyto latky extrahovdny vodou a ze zeleniny smési di-
chlormethanu a acetonu (4 : 1). Po zfiltrovani, zakon-
centrovani a rozpusténi v 0,1% HNO; byl extrakt ana-
lyzovan stejnou metodou jako vzorky vody. Mez
stanovitelnosti chlorovanych a nitrovanych fenoli ve vo-
dé byla 1 p.Lg.l_l, aromatickych amint a nitroaromatia
0,1 ug.l_l. Meze stanovitelnosti téchto latek v pidé jsou
zfejmé z tab. V a v zeleniné z tab. VIIL

Vysledky rozbori pudy a zeleniny byly vyhodnoce-
ny jednofaktorovou analyzou rozptylu na hladiné vy-
znamnosti 0,05.

VYSLEDKY A DISKUSE

Obsah Hg, Cd, Pb a As ve vodé z Labe v profilu
Litol a Jifice byl z hlediska zavlah nizky (tab. II). I nej-

1I. Obsah rizikovych prvki v kontrolni vodé a ve vodé z Labe (ug‘l") — Content of hazardous elements in control water and in Labe water (pg,l")

Voda! Rok* Prvek® N, Max Min Aritmeticky pramér® Median’
Hg 0 <1 <l %1 <l
1997 Cd 2 0,18 0,13 0,15 0,15
Pb 1 <l <l <1 <l
FOnijl“i‘z)_ As 0 <1 <1 <1 <1
’ Hg 0 <0l <1 <1 <1
1998 Cd 1 0,50 < 0,01 0,26 0,26
Pb 0 <1 <1 <1 <1
As | <l 3 2 2
Hg 0 <l <1 <1 <1
1997 Cd 6 1,74 < 0,01 0,54 0,26
Pb 6 2 <l 1 1
Labe As 8 6 2 4 4
Litol
Hg 0 <0,1 < 0,1 <0, <0,1
1998 Cd 8 0,50 0,01 0,16 0,15
Pb 7 2 <0,1 1 1
As 8 7 4 6 6
Hg 0 <1 <1 2 1 <1
1997 Cd 8 0,34 0,06 0,17 0,10
Pb 6 2 <1 1 1
Labe As 8 5 1 3 3
Jifice
Hg 1 0,2 <0,1 <0,1 <0,1
1998 Cd 8 0,50 0,01 0,23 0,18
Pb g 7 <0,1 3 i
As 8 7 2 4 5

:.v kaZdém roce byly odebriny 2 vzorky — 2 samples were taken each year
v kaZdém roce bylo odebrdno 8 vzorki — 8 samples were taken each year
N, = po&et hodnot v&tSich neZ mez stanovitelnosti — number of values higher than the limit of determinability

Max = nejvy3§i nam&fena hodnota — highest measured value
Min = nejniZ$i namé&fend hodnota — lowest measured value

Pfi vypottu aritmetického prim&ru byly hodnoty men3i nez mez stanovitelnosti uvaZoviny jako tato mez — In calculation of arithmetic
mean were the values lower than is the limit of determinability considered as this limit

1 z 3 R
water, Zcontrol, 3well. 4yenr‘ Sclement, Sarithmetic mean, 'median
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III. Obsah chlorovanych a nitrovanych fenoli, aromatickych amini a nitroaromdti ve vodé z Labe (ugAl"') — Content of chlorinated and
nitrated phenols, aromatic amines and nitroaromates in Labe water (in p.g.l'l)

Kontrolni profil' Rok? Latka® N, Max Min Aritmeticky prim&r? | Median®

chlormethylfenoly® 4 13,2 <l 3,0 1,2

dimethylfenoly’ 5 2,6 <l 1,6 1,4

1997 methyldinitrofenoly® 5 3,5 <1 33 24

dichloraniliny? | 0,6 <0, 0,2 <0,

. nitrotolueny " 4 0.3 <0,1 0,2 0,2
il dimethylfenoly 1 33 <1 1,3 <1
methyldinitrofenoly 2 6,6 <1 21 <l

1998 diethylaniliny'! 1 03 <0, <0,1 <0,

dichloraniliny 1 0,2 <01 <0,1 <0,

nitrotolueny 6 0,8 < 0,1 0,3 0,1

dinitrotolueny'2 3 1,0 <0, 0,3 <0,

chlormethylfenoly 5 il <l 2.9 1,6

dimethylfenoly 4 1,6 < 12 1,2
1997 (0,m,p)-nitrofenoly'? 1 3.4 <1 1.3 <1

methyldinitrofenoly 6 43 <1 2,6 2,7

i dichloraniliny 3 03 <0, 0,2 <0,

nitrobenzeny'* 1 0,2 <0, <0,1 <0,
dimethylfenoly 1 5.0 &1 1,5 <1
methyldinitrofenoly | 7.4 < 1,8 <l

1998 ethylaniliny'3 1 02 <0,1 <0, <0,

nitrotolueny 4 0,8 <0,1 0,2 <01

dinitrotolueny 1 0,5 <0,1 0,2 < 0.1

V kazdém roce bylo v kaZdém profilu odebrino 8 vzorki — 8 samples were taken in each profile each year
N, = polet hodnot vétSich neZ mez stanovitelnosti — number of values higher than the limit of determinability

Max = nejvy$si naméfend hodnota — highest measured value
Min = nejniZ§i naméfend hodnota — lowest measured value

Pfi vypoctu aritmetického priméru byly hodnoty mensi neZ mez stanovitelnosti uvaZovany jako tato mez — In calculation of arithmetic mean
were the values lower than is the limit of determinability considered as this limit

Ostatni méfené ldtky ze skupiny chlorovanych a nitrovanych fenold (monochlorfenoly, dichlorfenoly, trichlorfenoly, pentachlorfenol, dinitro-
fenoly, alkyldinitrofenoly), aromatickych amini (anilin, methylaniliny, dimethylaniliny, chloraniliny) a nitroarométd (nitrobenzen, chlorni-
trobenzen) nebyly v letech 1997 a 1998 v Zidném vzorku vody zjistény v koncentraci vétSi neZ mez stanovitelnosti — The other measured
substances from the group of chlorinated and nitrated phenols (monochlorphenols, dichlorphenols, trichlorphenols, pentachlorphenols, dini-
trophenols, alkylnitrophenols), aromatic amines (aniline, methylanilines, dimethylanilines, chloranilines), and nitroaromates (nitrobenzene,
chlornitrobenzene) were not found in the years 1997 and 1998 in any sample of water in concentration higher than is the limit of determi-

nability

'control profile, zyear, 3substance, “arithmetic mean, *median, (‘chlormethylphenols‘ 7dimethyl?hcnols‘ Rmcmyldinitrophenols. “dichloranili-
nes, '"nitrotoluens, ”diethylani]ines. dinitrotoluens, ”(o,m,p)—nitrophenols, “nitrobenzenes, 5ethylanilines

vyS8i zjiStény obsah téchto rizikovych prvka (0,2 pg
Hgl™, 1,74 pg cd1™!, 7 pg Pbi ! a7 pg Asl™) je
podstatné niZ§i neZ nejvyse pripustny obsah v zdvlahové
vodg L. tidy istoty (vhodna pro zdvlahu). CSN 75 7143
pripousti v zavlahové vodé této jakostni tiidy pfi zavla-
hovém mnozstvi 2000 m*ha™! 5 pg Hg.l™!, 10 pg Cd.I”!,
50 pg Pb.1™' a 50 ng As.I”!. Nage poznatky o kontami-
naci Labe v profilech Litol a Jifice Pb, Cd, Pb a As jsou
ve velmi dobré shod€ s vysledky ziskanymi pfi kontrole
jakosti povrchovych vod realizované CHMU (Kubit et
al., 1998).

Z méfenych OXL byla voda Labe v profilech Litol
a Jifice nejsilnéji kontaminovana nékterymi chlorova-
nymi a nitrovanymi fenoly (tab. III). Jde hlavné o chlor-
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methylfenoly, dimethylfenoly a methyldinitrofenoly.
Jejich koncentrace ve vodé byla v8ak aZ na jednu vy-
jimku nejvyse nékolik ug.l". Z nitroaromatt byly v né-
kterych vzorcich vody Labe zji§tény nitrotolueny a di-
nitrotolueny a z aromatickych amint ethylaniliny,
diethylaniliny a dichloraniliny. Koncentrace téchto la-
tek ve vodé nepiekrocila 1 ug.l'l. Vhodnost vody Labe
pro zévlahu nelze podle koncentrace méfenych OXL
posoudit, protoze CSN 75 7143 ani 7adn4 zahrani&ni
norma nestanovi jejich nejvySe piipustnou koncentraci
v zévlahové vodé. Kontaminace vody Labe chlorovany-
mi a nitrovanymi fenoly, aromatickymi aminy a nitro-
aromdty neni v Zadném profilu statni kontrolni sité mo-
nitorovana.
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V. Obsah rizikovych prvki v pidé po pokusu (mg‘kg'l) (aritmetické praméry ze 4 opakovini) — Content of hazardous elements in soil after
the trial (rng‘kg") (arithmetic means from 4 replications)

Varianty’
Ex{rnkz‘,ni Rok? Prvek? hlivkovi kapusta® mrkev’
Fhoie kontrola® Leube Labe kontrola Labe Labe
Litol Jifice Litol Jifice
cd 0,16 0,18 0,18 0,15 0,15 0,15
1997 Pb 9.6 9,8 8,7 10,6 9,6 9,5
2M HNO, As 1,14 1,26 1,18 1,27 1,27 1,19
cd 0,21 0,21 0,22 0,17 0,17 0,16
1998 Pb 8,1 79 8,0 10,5 9,3 8,9
As 1,15 1,10 1,17 1,20 1,20 1,16
Hg 0,077 0,078 0,077 0,081 0,074 0,076
1557 cd 0.19 0,18 0,19 0,17 0.16 0,17
—m_ Pb 21,1 21,4 20,9 21,7 21,2 22,7
(HNO,. HCIO,, As 647 6,26 622 8,97 8,60 8,47
HF) Hg 0,068 0,067 0,075 0,073 0,076 0,073
1698 cd 0,25 0,22 0,25 0.21 0,20 0,19
Pb 22,5 21,0 20,7 19,6 18,8 18,7
As 8,65 6,51 8,36 6,75 6,97 6,43

: statisticky priikazny rozdil na hlading vyznamnosti 0,05 - statistically significant difference on the level of significance 0.05

; 2. ie 3 Boised
'extraction agent, “mixture of acids, “year, 4element, variants, ('cabbage, 7carrot, *control

V. Obsah organickych xenobiotickych latek v pidé po pokusu (ug.kg") — Content of organic xenobiotic substances in soil after the trial (ug.kg")

Varianty?

Rok! Skupina litek" hlivkova kapusta® mrkev?
ot | e | oo | g |
chlorované a nitrované fenoly® <50 <50 <50 <50 <50 < 50
1997 aromatické aminy’ < 100 < 100 < 100 < 100 < 100 < 100
nitroaromaty® < 100 < 100 < 100 < 100 < 100 < 100
chlorované a nitrované fenoly <50 <50 <50 <50 <50 <50
1998 aromatické aminy <50 <50 <50 <50 <50 <50
nitroaromity < 50 < 50 < 50 < 50 < 50 < 50

¥ viechny méfené latky ve skuping viz tab. VII — all measured substances in the group see Tab. VII

| O 5 6 ; ; ; ~ ’
year, 2group of substances, “variants, 4cnbbage. carrot, chlorinated and nitrated phenols, "aromatic amines, *nitroaromates, “control

VI. Obsah rizikovych prvki v zelening (mg.kg_I sudiny) (aritmetické praméry ze 4 opakovini) — Content of hazardous elements in vegetable

(mg.kg " of dry matter) (arithmetic means from 4 replications)
Kapusta® (hlivka?) Mrkev® (kofen®)
Rok! Prvek?
7 Labe Labe Labe Labe
e Litol Jitice Fontala Litol Jiice
Hg 0,016 0,016 0.017 0,006 0,007 0,006
1997 Cd 0,027 0,035 0,037 0,066 0,063 0,077
Pb 0,12 0,17 0,10 0,23 0,18 0,27
As 0,19 0,20 0,19 0,14 0,15 0,19
Hg 0,017 0,018 0,019 0,003 0,003 0,003
1998 Cd 0,04 0,04 0,05 0,17 0,17 0,14
Pb 0,97 0,58 0,73 0,25 0,22 0,30
As 0,13 0,08 0,15 0,09 0,08 0,08
lyear, Zelement, 3cabbage. *head, Scarrot, “root, "control
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VII. Obsah organickych xenobiotickych litek v zeleniné (p.g‘kg" suginy) — Content of organic xenobiotic substances in vegetable (pg.kg"
of dry matter)

Kapusta® (hldvka*) Mrkev® (kofen®)
Rok! Litka® kontrola’ Labe Labe ol Labe Labe
ontroi Litol Jitice Litol Jifice

chlorované a nitrované fenoly®

monochlorfenoly
dimethylfenoly

dinitrofenoly < 1000 < 1000 < 1000 < 1000 < 1000 < 1000
methyldinitrofenoly

alkyldinitrofenoly

dichlorfenoly
trichlorfenoly
pentachlorfenol < 200 < 200 <200 <50 <50 <50

chlormethylfenoly

1997 (0,m,p)-nitrofenoly

aromatické aminy”
anilin
methylaniliny
ethylaniliny
dimethylaniliny < 1000 < 1000 < 1000 < 1000 < 1000 < 1000
diethylaniliny
chloraniliny

dichloraniliny

nitroaromaty'?

itrob
PRI <1000 | <1000 | <1000 | <1000 | <1000 | <1000

nitrotolueny

o 211 e ol
viechny méfené’' chlorované a nitrované 50 <50 <50 <50 <50 <50

1998 fenoly, aromatické aminy a nitroarométy

1

'yenr. Zsubstance, BCnbbnge. “head, >carrot, “root, "control, *chlorinated and nitrated phenols, “aromatic ami Ynitroar all d

VIII. MnoZstvi rizikovych prvki a organickych xenobiotickych litek aplikovanych do piidy zdlivkou vodou z Labe (g.ha‘l) ~ Amount of
hazardous elements and organic xenobiotic substances applied into soil with watering by Labe water (g.hn"l)

Kontrolni profil? Litol Kontrolni profil Jifice

Prvek, resp. litka' hldvkovi kapusta’ mrkev* hlavkova kapusta mrkev

1997 1998 1997 1998 1997 1998 1997 1998
Hg <l <l <l <l <1 <l <1 <1
Cd 1,5 0,4 1,6 0,5 0.5 0,6 0,5 0,7
Pb 3,5 3,0 3,7 3,0 3,5 . 80 3,7 9.0
As 11,2 17,0 12,0 18,0 8,4 11,0 9,0 12,0
chlormethylfenoly 8,4 <l 9,0 <l 8,1 <1’ 8,7 <l
dimethylfenoly 4,5 2,1 4,8 3,6 34 2,4 3,6 4.2
(o,m,p)-nitrofenoly <1 <l <1 <l 3,6 <l 39 <l
methyldinitrofenoly 6,2 34 6,6 59 73 2,9 7.8 5,0
dichloraniliny 0,6 <0, 0,6 <0, 0,6 < 0,1 0,6 < 0,1
nitrotolueny 0,6 0,5 0,6 0,8 <01 0,3 < 0,1 0,6
dinitrotolueny <0, 0,5 <0, 0,8 <0,1 0,3 <0, 0,6

Diévka kaZdého z neuvedenych chlorovanych a nitrovanych fenoli byla < 1 g.ha™ a aromatickych aming a nitroaromatdi < 0,1 g.ha" - Dose
of each of not mentioned chlorinated and nitrated phenols was < 1 g.hu'l and aromatic amines and nitroaromates < 0.1 g.ha'l

Zévlahové mnoZstvi vody z Labe®: 1997 u knpustr“ 2800 m*.ha™' (11 I/nddoba®), u mrkve® 3000 m*.ha™' (11,8 Inddoba); 1998 u kapusty
1600 m*.ha™' (6,3 V/nddoba), u mrkve 2800 m*.ha™" (11 Unédoba)

lelement or substance, *control profile, 3cablmgc. 4carrot, sirrigmion amount of Labe water, (’pot
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Zalivka vodou z Labe v profilech Litol a Jifice nebyla
pfi¢inou statisticky prikazného zvySeni obsahu Zadné-
ho rizikového prvku ani OXL v pudé (tab. IV a V),
hlavkéch kapusty ani v kofenech mrkve (tab. VI a VII).
Obsah kaZdého rizikového prvku v pidé pied pokusem
i po ném byl mnohem niZ§i neZ limit kontaminace pudy
pro lehké sedimentdrni substraty (PodleSdkova et al.,
1996). Obsah viech méfenych chlorovanych a nitrova-
nych fenolt, aromatickych amint a nitroarométt v p-
d& i zeleniné€ byl mensi neZ mez stanovitelnosti. Z vy-
sledkd je ziejmé, Ze davky rizikovych prvka a OXL,
aplikované zévlahovou vodou z Labe v profilech Litol
a Jifice, nejsou nebezpecné pro pudu ani plodiny. I pii
vysokém zavlahovém mnoZstvi jsou nizké (tab. VIII).
Dévky rizikovych prvki v pokusech byly v rozmezi od
minimalné 1 g.ha™ (Hg) do maximalné 18 g.ha_l (As).
Z méfenych OXL byly v nejvétSim mnoZstvi aplikova-
ny n&které chlorované a nitrované fenoly. Jejich davky
se vSak pohybovaly pouze v jednotkédch g.ha‘l. Davky
aromatickych aminl a nitroaromatd Cinily nékolik de-
setin g.ha‘l a méng.

Ziskané poznatky o vlivu rizikovych prvki v zédvla-
hové vodé na jejich obsah v pidé a plodinach jsou ve
shodé s vysledky vegetadnich naddobovych a polopro-
voznich pokust se zdvlahovou vodou z Labe, vedenych
VUMOP Praha v prvni poloviné 90. let (Zavadil, 1994).
Bylo zji§téno, Ze zavlaha vodou Labe je nevyznamnym
zdrojem jak rizikovych prvka, tak i OXL v padé a plo-
dinéch. Pfi téchto pokusech nebyl v8ak obsah chlorova-
nych a nitrovanych fenolt aromatickych aminu a nitro-
aromatd v zavlahové vodé€, pudé a plodinach méren.
Vysetfenim pidy a plodin (pfedev§im zeleniny) na mu-
tagenitu Amesovym testem bylo prokdzéino, Ze v pudé

zavlaZované vodou z Labe nedochazi ke kumulaci mu-
tagennich latek a k jejich transferu do rostlin. Vétfina
studovanych vzorkd pidy a plodin byla odebridna na
Meélnicku na pozemcich zavlaZovanych vodou z Labe
vice nez 20 let.

Tato védeckd price je realizanim vystupem feSeni
projektu NAZV EP7059 Aktudini problémy jakosti zd-
viahové vody.
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VPLYV ROZNYCH SPOSOBOV OBRABANIA PODY
NA JEJ FYZIKALNE A HYDROFYZIKALNE VLASTNOSTI

THE EFFECT OF DIFFERENT TYPES OF SOIL CULTIVATION
ON ITS PHYSICAL AND HYDROPHYSICAL PROPERTIES

K. Kovad, 8. Zak
Research Institute of Plant Production, PieStany, Slovak Republic

ABSTRACT: In the field stationary trial conducted in the maize-growing region on degraded Chernozems in the years 1993
to 1997 four different types of soil cultivation to spring barley (T1 conventional, T2 reduced, shallow soil loosening to the
depth 100 to 120 mm, T3 minimization-protective, shallow loosening and sowing with tillage-less drills, T4 direct seeding
into uncultivated soil with drills Moore and Tye + glyphosate) and their effect on physical and hydrophysical 'soil properties
were studied. The above properties were not more markedly affected by investigated types of soil cultivation in the given
soil-ecological conditions. The trends of increase of bulk density of soil and its moisture in topsoil in the variants of protective
soil cultivation (T3, T4) compared with conventional and reduced soil cultivation (T1, T2) and decrease of total porosity (T3,
T4) and minimum air capacity (at T4) were recorded. The share of investigated factors (soil cultivation, soil layers, year) was
changing in different years and entered significant interactions. Bulk density of soil, soil moisture and total porosity were
significantly affected by interaction year x soil cultivation. The mentioned properties were also statistically significantly
influenced by interaction year x soil layer. Strong significant dependence (according to the years 1993, 1995, 1996, r = 0.738*,
r=0.581% r=0.715"") was found between bulk density of soil and soil moisture. Average field emergence rate of spring
barley for all the studied years was at T1 88, T2 80, T3 76, T4 72%. The following grain yields and numbers of spikes in the
sequence according to the investigated technologies were recorded on average at T1 5.79, T2 5.76, T3 5.53, T4 5.60 tha™ or
961, 907, 857, 876 spikes,m’z. Slight indirect dependence (-0.197) was found between grain yield and bulk density of soil
by comparison of grain yield dependence on physical soil properties, a slight direct dependence (+0.214) between yield and
soil porosity and strong direct (significant) dependence (+0.728) between grain yield and maximum capillary water capacity.

Keywords: conventional and protective soil tillage; physical and hydrophysical soil properties

ABSTRAKT: V polnom staciondrnom pokuse v kukuri¢nej oblasti na degradovanych hlinitych ¢ernozemiach v rokoch 1993
aZz 1997 boli sledované $tyri r6zne spdsoby obrdbania pddy k jarnému jaémeifiu (konvenéné, redukované, minimalizaéno-
-ochranné, priama sejba do neobrobenej pddy) a ich vplyv na fyzikdlne a hydrofyzikdlne vlastnosti pddy. V danych pddno-
-ekologickych podmienkach sledované spdsoby obrdbania pddy uvddzané vlastnosti vyraznejSie neovplyvnili. Boli zazname-
nané tendencie zvySenia objemovej hmotnosti pddy a jej vihkosti v ornici pri variantoch ochranného obrébania pédy (T3, T4),
v porovnani s konvenénym a redukovanym obrédbanim pddy (T1, T2), a zniZenia celkovej porovitosti (T3, T4) a minimaélne;j
vzdu$nej kapacity (T4). Podiel sledovanych faktorov (obrébanie pddy, vrstvy pody, roénik) sa v jednotlivych roénikoch menil
a vstupoval do preukaznych interakcii. Objemovii hmotnost pddy, pédnu vlhkost a celkovii porovitost signifikantne ovplyvnila
interakcia ro¢nik x obrdbanie pddy. Uvedené vlastnosti Statisticky vyznamne ovplyvnila i interakcia roénik x vrstva pddy.
Medzi objemovou hmotnostou pédy a pddnou vlhkostou sme zistili silni preukazni zavislost (podla rokov 1993, 1995, 1996
r=0,738", r=0,581%, r = 0,715").

Klacové slovi: konvenéné a ochranné obrabanie pddy; fyzikalne a hydrofyzikalne vlastnosti pody

UvoD

V SirSom kontexte ekologizécie rastlinnej vyroby patri
vyznamné miesto pddoochrannym technolégiam, ktoré
st zaloZené na principe ekologickej oddvodnenosti kaz-
dého zasahu a jeho agronomickej u&innosti (Mistina et
al., 1993). Technoldgie vyuZivaji ochranny efekt rast-
linného krytu a strnitnych zvyskov, &im chrania pddu
pred eréziou a zlep$uju jej vlastnosti.

Najefektivnej$im systémom obrabania pédy s ohla-
dom na jej protier6znu ochranu je priama sejba do ne-
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obrobenej pddy. Cim dlhSie je obdobie priamej sejby na
jednom stanovisti, tym sa zvySuje protier6zny efekt.
Pddoochranné obrébanie pddy s vyraznymi ekologicky-
mi aspektami je doleZitou si¢astou integrovanej rastlin-
nej vyroby (Kovag, 1994 a i.).

Rozhodujiicim kritériom pre vyber spdsobu obribania
pody je ekonomika. Cely rad autorov uvadza, Ze bezoreb-
né systémy spliiajii nielen environmentélne, ale i ekonomic-
ké hladiska (Zk et al., 1994; Marko et al., 1995).

Cielom nasho vyskumu bolo posidit vplyv konvencné-
ho, redukovaného a ochranného obrébania pddy v stacio-
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narnom osevnom postupe na zmenu jej zdkladnych fy-
zikdlnych a hydrofyzikalnych vlastnosti.

MATERIAL A METODA

Polny pokus bol zaloZeny na pokusnej baze v Bo-
rovciach v nadmorskej vyske 172 m. Zaujmové dzemie
sa nachadza v kukuri¢nej oblasti. Poda je degradovana
Cernozem, vytvorend na hrubom spraSovom nénose. P6da
ma stredny obsah fyzikdlneho ilu. Humusovy horizont
je hlboky 0,4 aZ 0,5 m a je mierne diferencovany na
hornu (eluvidlnu) a dolnd (iluvidlnu) ¢ast,

Vyznaduje sa priaznivym a vysokym obsahom pra-
chovych frakcii s optimélnym obsahom ilu. Z hladiska
fyzikalnych vlastnosti je ornica a podorni¢ny horizont
mierne zhutneny. Maji vysoku retenént schopnost pre
vodu a pomerne nizky bod vidnutia, ¢o podmiefiuje vy-
sokd vyuZitelnost podnej vody. Obsah humusu v profile
ornice je stredny a v podorni¢nom horizonte 2 nizky.

Polny pokus bol stacionérny, polyfaktorovy, zaloZe-
ny blokovou metédou v Styroch opakovaniach. Pred-
plodiny: cukrové repa v roku 1992, kukurica na zrno
v rokoch 1994 aZ 1995, repka olejna v roku 1996, pri
ktorych sme skusali spdsoby obrabania pody. Testova-
cou plodinou bol jarny ja¢mei, odroda Orbit. Teplotné
a zrazkové pomery hodnotenych rokov si uvedené
v tab. L.

Varianty obrabania pody

T1 - konven¢na technolégia: Pod jarny jaémeii orba na
0,18 az 0,20 m. Po orbe sa oracina oSetrila vhodnym
naradim. Predsejbova priprava pody kombinatorom. Sej-
ba sejackou D8 30 AMAZONE.

T2 - redukovana technolégia: Po zbere predplodiny sa
pdda plytko obrobila do hibky 0,10 aZ 0,12 m kyprenim
bez obracania radlickovym kypri¢om Lemken Smaragd.
Na predsejbovi pripravu pody sa pouzili stroje s aktiv-
nym pohybom pracovnych organov (kombinovany rotac-
ny kypri¢ s utlatovacim valcom KG 301 AMAZONE).
Sejba sejackou D8 30 AMAZONE.

T3 — minimalizacno-ochranna technoldgia: Na jesen plyt-
ké kyprenie bez obracania pomocou Lemken Smaragd.
Na jar sejba bezorebnou sejackou, resp. strojom s pri-
pravou pddy a so sticasnou sejbou. V roku 1993 sa po-
uzil systém Rau, v roku 1995 Horsch a v rokoch 1996
a 1997 sejba sejackou Tye.

T4 (PS) — priama sejba do neobrobenej pédy +
glyphosate: Bola pouZitd slama ako mul¢. MnoZstvo
rastlinnej (mulCovanej) slamy bolo podla rokov 2,78,
433, 2,78, 3,14 tha™!. Pouzité sejatky Moore (1993,
1995), Tye (1996, 1997).

Odbery pddy boli vykondvané na jar, v méji po vzideni
jarného jaémeftia. Fyzikdlne vlastnosti sme stanovovali
Kopeckého metédou, vo valéekoch o objeme 100 cm?
v §tyroch opakovaniach a v hibkach: 0,05 a7 0,10, 0,15 aZ
0,20, 0,25 az 0,30 m. Ziskané vysledky sme Statisticky
zhodnotili analyzou rozptylu, resp. korelacnou a regres-
nou analyzou.

VYSLEDKY

Priemernd objemova hmotnost pody v pokuse za
vietky roky, vrstvy a varianty bola 1,48 tm™ (obr. 1).
Podla variantov obribania pédy sa pohybovala od
1,46 tm™ (T1) do 1,50 tm™ (T2). Rozdiely boli veelku
malé a Statisticky nepreukazné. VicSie rozdiely v obje-
movej hmotnosti pédy boli medzi vrstvami pdody, ktoré

I. Prehlad mesa&nych zraZok (mm) a dennych teplot (°C) v rokoch 1993 aZ 1997 (PieStany) — Survey of monthly precipitation (mm) and

daily temperatures (°C) in the years 1993 to 1997 (PieStany)

_— Mesiac?
L2 [ s [ a s [ e [ 2 [ s [ o [ ]
Zrazky? b
Normal® 32 33 32 43 54 80 76 68 38 42 51 46 595
1993 22,0 18,9 9,6 11,4 28,2 48,6 71,2 62,9 32,8 79.4 35,7 71,9 492,6
1994 52,4 10,2 16,9 104,4 67,1 453 76,5 | 1264 84,9 85,8 19,6 433 692,8
1995 42,6 36,4 54,5 58,8 86,3 91,4 28,1 55,9 68,7 82 26,0 38,0 5949
1996 20,7 14,1 15,5 82,1 116,3 67,5 36,3 81,3 66,8 35,5 14,9 11,0 562,1
1997 15,0 27,0 10,1 26,9 54,9 53,1 190,9 11,0 11,8 14,1 104,0 17,9 536,7
Teploty* x
Normal -1,8 0,2 4,2 9,4 14,1 17,7 18,9 18,7 14,5 9,6 4.6 0,3 9,2
1993 -1,2 =23 23 10,3 17,1 18,0 18,6 19,3 14,8 11,1 1,7 1,5 93
1994 2,9 1,0 6,9 9.8 14,5 18,2 22,4 20,7 16,5 79 5.3 1.3 10,6
1995 -1,4 43 39 9.9 14,1 17,0 22,1 18,9 13,6 11,0 2.2 -03 9,6
1996 -2,5 =32 1,5 10,0 15,9 18,4 17,8 18,8 11,6 10,4 6,8 -2,7 8,6
1997 -2,8 1,8 4,6 7,1 15,9 19,1 19,0 20,9 15,4 1Y 54 2,2 9,7
lyear, ’month, 3precipimtion, 4tempera(ures. *normal
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1. Priemerna objemova hmotnost pody

vo vrstvéich 0,05 aZ 0,30 m pri réznych

T

spdsoboch jej obribania v rokoch 1993
az 1997 (l.m'J) - Average bulk density
of soil in the layers 0.05 to 0.30 m at
different types of its cultivation in the
years 1993 to 1997 (t.m™)

os X: varianty obrdbania pddy - x axis:
variants of soil cultivation

2. Priemerna vlhkost pddy vo vrstvich
0,05 az 0,30 m pri réznych sposoboch

jej obrdbania v rokoch 1993 aZ 1997
(obj. %) — Average soil moisture in

the layers 0.05 to 0.30 m at different

N\

dosiahli priemerné hodnoty (v poradi vrstiev 0,05 az
0,10, 0,15 aZ 0,20, 0,25 a% 0,30 m) 1,46, 1,52, 1,46 t.m™
a boli Statisticky vysokopreukazné. Pri vSetkych varian-
toch obrabania pddy s vynimkou variantu T4 (priama
sejba) bola priemernd objemova hmotnost pody nizsia
vo vrstve 0,05 aZ 0,10 m (vysokopreukazne) v porov-
nani s ostatnymi vrstvami. Co sa tyka hlbky pddy, bola
najvys8ia (s malou odchylkou pri variante T2) vo vrstve
0,15 a7 0,20 m (1,52 t.m_g). Objemova hmotnost pody
v jednotlivych rokoch je uvedena v tab. II, z ktorej vy-
plyva, Ze v jednotlivych rokoch sa objemova hmotnost
pddy postupne menila (podla rokov 1,41, 1,50, 1,50,
1,48 tm™). Rozdiely boli vysokopreukazné. Variabilita
objemovej hmotnosti pddy bola signifikantne spdsobe-
nd interakciou obrdbanie pody x roky. Najvys&iu roéni-
kovi variabilitu sme zistili pri variantoch T4 (114 %)
a T3 (112 %).

Priemerna celkova poérovitost pddy v pokuse bola
40,63 % a pri pokusnych variantoch sa pohybovala od
40,79 % (T2) do 41,38 % (T1). Rozdiely boli malé a §ta-
tisticky nepreukazné. Vicsie rozdiely v celkovej péro-
vitosti pody boli medzi jej vrstvami (Statisticky vyso-
kopreukazné) v poradi podla vrstiev (smerom do hibky)
41,98, 39,54, 40,36 %. Variabilita celkovej pérovitosti
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types of its cultivation in the years
1993 to 1997 (vol. %)

os x: varianty obrabania pddy — x axis:
variants of soil cultivation

pody bola signifikantne ovplyvnend rokmi. Vysledky
v jednotlivych rokoch st uvedené v tab. II. Signifikant-
ny vplyv na celkovi pérovitost pddy sme zaznamenali
vplyvom interakéného pdsobenia obrdbanie pddy x ro-
ky (vysokopreukazne).

Priemernd minimélna vzdu$na kapacita pddy v po-
kuse bola 6,36 %. Podla skiSanych variantov sa pohy-
bovala od 6,21 % (T1) do 7,17 % (T3). Analyza va-
riancie ukazala, Ze rozdiely boli Statisticky nepreukazné.
Podla vrstiev pody bola priemernd minimalna vzdu$ni
kapacita 7,53, 5,40, 6,14 % obj. Rozdiely boli preukaz-
né. Najvicsie rozdiely boli vo vrchnej vrstve. Zo sku-
Sanych variantov obrabania pody sme najniZsiu hodnotu
zaznamenali pri variante T4 (priama sejba).

Vysledky podnej vihkosti v obj. % su znazornené na
obr. 2, z ktorého je zrejmé, Ze priemernéd vlhkost pody
v pokuse (za vietky varianty, vrstvy a roky) bola
25,76 % obj. Pri jednotlivych variantoch sa pohybovala
od 25,17 % (T2) do 26,22 % (T1). Rozdiely v p6dnej
vlhkosti medzi sledovanymi spésobmi obrébania pddy
boli nepreukazné, podobne i rozdiely v pddnej vihkosti
medzi sledovanymi vrstvami. Priemerna vlhkost pédy
v sledovanych rokoch sa vyrazne menila (tab. II). Va-
riabilita pddnej vlhkosti bola v jednotlivych rokoch
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II. Zakladné fyzikalne a hydrofyzikilne vlastnosti pddy pri roznych spésoboch jej obribania v rokoch 1993 az 1997 — Basic physical and hydrophysical soil properties at different types of its cultivation in the
years 1993 to 1997

Variant! Vst 1993 1995 1996 1997
(6] P W MKVK (6] P w MKVK (o] P w MKVK 0 P w MKVK
0,05-0,10 1,38 45,05 23,85 35,25 1,41 44,10 26,80 32,30 1,43 43,60 17,90 39,40 1,41 4425 31,60 36,80
T, 0,15-0,20 1,44 43,05 25,60 36,65 1,57 37,80 31,20 33,20 1,52 39,80 21,60 36,30 1,51 40,22 29,90 34,40
0,25-0,30 1,44 39,65 25,45 33,45 1,52 35,80 29,50 31,90 1,43 43,60 23,00 38,40 1,47 39,68 28,20 34,00
X 1,43 42,58 24,97 35,12 1,50 39,23 29,17 32,47 1,46 42,33 20,83 38,03 1,46 41,38 29,90 35,07
0,05-0,10 1,42 43,60 23,80 35,20 1,44 42,90 26,60 32,80 1,36 46,20 20,20 37,20 1,41 44,23 26,70 32,10
T, 0,15-0,20 1,44 43,20 25,75 37,20 1,54 35,40 27,80 30,60 1,53 39,40 23,10 35,90 1,49 39,33 25,70 32,45
0,25-0,30 1,51 40,20 25,90 36,75 1,50 36,60 27,00 30,40 1,49 41,00 24,00 35,50 1,50 39,21 25,50 32,40
x 1,46 42,33 25,15 36,38 1,44 38,30 27,13 31,27 1,46 42,20 22,43 36,20 1,47 40,92 25,97 32,32
0,05-0,10 1,39 44,80 24,65 37,65 1,37 45,70 24,50 31,10 1,57 33,80 24,70 33,80 1,50 40,90 31,80 36,70
T, 0,15-0,20 1,37 45,65 23,90 33,85 1,49 40,90 28,90 32,80 1,59 34,30 25,00 34,30 1,53 40,30 27,90 32,80
0,25-0,30 1,36 46,15 23,85 35,80 1,48 41,40 23,70 31,90 1,45 39,10 24,10 39,10 1,53 39,50 26,40 34,15
X 1,38 45,53 24,13 35,77 1,45 42,67 25,70 31,93 1,54 35,73 24,60 35,73 1,52 40,23 28,70 34,55
0,05-0,10 1,39 44,65 20,90 37,75 1,62 35,80 28,10 31,90 1,48 41,40 20,90 37,20 1,50 40,90 31,60 34,15
T, 0,15-0,20 1,35 46,65 22,45 34,70 1,55 38,60 27,70 31,50 1,63 35,70 26,30 35,10 1,58 37,95 29,80 34,60
0,25-0,30 1,35 46,90 22,45 35,05 1,52 39,80 26,30 29,90 1,49 41,00 25,10 35,20 1,52 40,15 29,20 33,75
x 1,37 46,07 21,93 35,83 1,56 38,07 27,37 31,10 1,53 39,37 24,10 35,83 1,53 39,67 30,20 34,17
HD pre 0,01 0,14 157 3,00 6,85 0,23 12,06 6,08 9,29 0,21 9,29 5,89 7,38 0,20 3,31 4,00 4,65
varianty? 0,05 0,10 5,27 2,09 4,76 0,16 8,39 4,23 6,47 0,15 6,47 4,10 5,14 0,14 2,30 2,79 3,23
[¢] = objemova hmotnost pddy — bulk density of soil (tm™)
P = celkova pérovitost pddy — total porosity of soil (%)
w = vlhkost pddy — soil moisture (%)

MKVK = maximdlna kaplildrna vodna kapacita — maximum capillary water capacity (%)

!variant, 2[ayer, 3for variants



rozdielna, pri¢om v roku 1997 bola najvysSia pri varian-
te T4. Zo Statistického hodnotenia priemernej podnej
vihkosti v pokuse vyplyva, Ze jej variabilitu signifikantne
ovplyvnila interakcia ro¢nik x obrdbanie pody a inter-
akcia ro¢nik x vrstva pédy (vysokopreukazne).

V pokuse sme sledovali i maximalnu kapilarnu vod-
ni kapacitu, ktord ski$ané spésoby obrdbania pody sig-
nifikantne neovplyvnili. Nepreukazné rozdiely boli i me-
dzi vrstvami pddy. Signifikantnd variabilitu maximélne;j
kapilarnej vodnej kapacity sme zaznamenali medzi ro¢-
nikmi (tab. II).

DISKUSIA

Fyzikélne vlastnosti pody predstavuji sibor pddnych
vlastnosti, ktoré vyznamnou mierou ovplyviiuji priebeh
a rychlost réznych fyzikdlno-chemickych a biologickych
procesov, preto ich vhodnou dpravou sa méze ovplyvnit
reprodukény proces pestovanych plodin (Hrasko, Bedr-
na, 1988; Ambrus, 1992). Priemerné trody jarného jac-
mefia boli podla rokov 5,81 (1993), 5,25 (1995), 6,48
(1996), 5,15 t.ha”! (1997). Podla réznych autorov
(napr. Lhotsky, 1991) prekrocenie hranice 1,5 t.m™ ob-
jemovej hmotnosti pddy v ornici na stredne tazkych
podach znamend prekrocCenie kritickej hranice neZiadu-
ceho zhutnenia pody. V priemere za celé pokusné ob-
dobie sme zaznamenali tito hodnotu pri variante T4
(priama sejba do neobrobenej pody), pricom vo vrstve
0,15 az 0,20 m sa pri tomto variante dosiahla hodnota
a% 1,53 tm™. V jednotlivych rokoch hodnoty objemovej
hmotnosti p6dy s vynimkou prvého pokusného roénika
sa pohybovali od 1,53 do 1,55 tm™. Z agronomického
hladiska sa na fyzikilne podmienky pody pri zakladani
porastu obilnin kladi diferencované poZziadavky. Vrch-
na vrstva pddy ma byt spravidla do hibky sejby kyprej-
Sia (objemova hmotnost pddy okolo 1,0 t.m"3). Vrstva
16Zka pre osivo md byt ulahnutd prirodzenym spdso-
bom, alebo sa upravi podla potreby tak, aby dosiahla
hodnoty 1,30 a# 1,45 t.ha™ (Mistina et al., 1993 a i.).
Z hladiska diferencovanych parametrov fyzikalneho sta-
vu l6zka pre osivo jarného jaCmefia zabezpeCovali zo
skifanych spdsobov obrdbania pddy pribliZzne podobny
stav varianty obrabania pédy T1 a T2. Pokial ide o ochran-
né obrdbanie pddy, diferencované parametre fyzikalneho
stavu pddy pre jaémeil zo skiSanych systémov zabez-
pecovali v roku 1993 Rau a v roku 1995 Horsch (T3).

Zrkadlovym obrazom objemovej hmotnosti pody je
celkovd pérovitost, ktorej limitné hodnoty na stredne
tazkych podach (napr. Lhotsky, 1991) predstavuji 45 %.
Z nasich vysledkov vyplyva, Ze pri vetkych skiSanych
variantoch obrabania pddy sme zaznamenali niZ$ie hod-
noty celkovej pérovitosti pddy, ako st uvadzané limitné
hodnoty. NaSe vysledky koreSponduji s predchadzaji-
cim vyskumom (Ambrug, 1992) v rokoch 1989 aZ 1991.
Citovany autor na rovnakom stanoviti v ornici na va-
riante klasického obrabania pédy k jarnému jacmeriu
zistil pri odbere v majovom termine celkovi pérovitost
(podla rokov) 41,4, 40,0, 39,6 %. Dosiahnuté hodnoty
na degradovanych ¢ernozemiach, tak ako ich prezentuje
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Fulajtar (1986), v porovnani s nasim pokusom su vSak
vyssie. Statistickym hodnotenim vysledkov v celkovej
pérovitosti pody analyzou variancie sme zistili, Ze ob-
rabanie pody ju signifikantne neovplyvnilo. Rozdiely
si malé. Slabé tendencie vy$Sej pdrovitosti si v pro-
spech variantov obrdbania pddy T1 a T2.

Podobné vysledky ako pri celkovej pérovitosti sa
dosiahli i pri minimalnej vzdusnej kapacite. Za kritickd
hranicu minimalnej vzdu$nej kapacity pre vSetky druhy
pody sa povaZuje hranica 10 %. Vo vetkych variantoch
obrabania pody poklesla vzdu$na kapacita pod tito hra-
nicu.

Vzhladom na poveternostné podmienky obrabanie
pody ovplyvnilo pdédnu vlhkost diferencovane, najmid
v suchsSich ro¢nikoch. Z hladiska sledovanych ukazova-
telov bola pddna vlhkost najviac ovplyvnena obréba-
nim pddy, a to interakciou obrdbanie x ro¢nik (vyso-
kopreukazne). V priemere za vietky roky pokusu bola
pri variantoch T3 a T4 slaba tendencia vysSej podnej
vlhkosti v porovnani s variantami T1 a T2. Vysledky
st v zhode s poznatkami, ktoré publikovali Suskevic,
Odlozilik (1986), Marko et al. (1995) a dalsi.

Priemernd polnd vzchddzavost jarného jadmefia za
vietky sledované roky bola pri T1 88, T2 80, T3 76, T4
72 %. V priemere za sledované technolégie sme zazna-
menali Grody zrna a polty klasov v poradi podla sledo-
vanych technoldgii pri T1 5,79, T2 5,76, T3 5,53, T4
5,60 tha™', resp. 961, 907, 857, 876 klasov.m™2 (Ko-
vac, 1998).

Porovnavanim zavislosti trody zrna od fyzikalnych
vlastnosti pody sme zistili medzi Grodou zrna a objemo-
vou hmotnostou pddy slabi nepriamu zavislost (-0,197),
medzi trodou a pérovitostou zeminy slabi priamu za-
vislost (+0,214) a medzi drodou zrna a maximalnou ka-
pilarnou vodnou kapacitou silni priamu (signifikantnii)
zavislost (+0,728).

V zhode s poznatkami inych autorov (Fulajtar, 1986;
Ambrus, 1992 a i.) bola obrdbanim pdédy najmenej ov-
plyvnenda maximélna kapildrna vodnd kapacita, ktord
vSak signifikantne ovplyvnil roénik.
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VPLYV HNOJENIA NA KVALITU SUSINY SENA
ASOCIACIE LOLIO-CYNOSURETUM TYPICUM

EFFECT OF FERTILIZATION ON THE QUALITY OF HAY DRY
MATTER IN THE ASSOCIATION LOLIO-CYNOSURETUM TYPICUM

R. Holdbek, J. Janéovi¢, M. Babelova

Slovak University of Agriculture, Nitra, Slovak Republic

ABSTRACT: In the period from 1992 to 1995, primary and secondary metabolic contents of anthropogenically influenced
semi-natural grasslad (association Lolio-Cynosuretum typicum) of the StraZovské vrchy locality were observed. Non-fertilized
control and variant fertilized with 90 kg N.ha™! + 30 kg P.ha ! were compared in our experiment. The plants were used three
times during their vegetation period: first mowing — in the growing phase of the beginning of tasseling of the prevailing grass
types; second mowing — four or five weeks later; third mowing — six or eight weeks after the second mowing. Chemical
analyses carried out by the laboratories of the Research Institute of Agriculture in Nyone and Department of Fodder Growing,
Slovak University of Agriculture in Nitra showed that dry non-fertilized semi-natural grasslands contained on average 14.25 to
16.45% crude protein, 8.88 to 10.12% PDI, 5.49 to 5.90 MJ.kg"' dry matter NEL, 20.03 to 21.03% fibre, 5.50 to 6.08% lignin
and that dry matter contained 70.27 to 72.58% of digestable organic matter. The fertilized variant produces the average value
of dry matter of hay with equivalent crude protein content and PDI compared with non-fertilized control with a significant
low value of NEL and higher value of lignin content, which is also reflected in its lower digestable organic matter. A relatively
high portion of dicotyledon types (40 to 50%) in decayed state was shown by high value of IANP with a maximum of 165.05 in
the second mowing in the non-fertilized variant and 175.15 in the third mowing in the variant fertilized with nitrogen and
phosphorus. Fertilized plants contain on average 15.12 to 16.85% crude protein, 9.51 to 10.07% PDI, 5.42 to 5,69 MJ.kg™!
dry matter NEL, 20.28 to 21.79% fibre and 5.77 to 6.20% lignin in dry matter. Digestion of organic matter is rated as good
(69.49% in the third mowing and 71.39% in the first mowing).

Keywords: semi-natural grassland; fertilization; primary and secondary metabolites; digestion of organic matter

ABSTRAKT: V rokoch 1992 az 1995 sa na antropogénne ovplyviiovanom poloprirodnom trivnom poraste (asociacia Lolio-
-Cynosuretum typicum) v lokalite StraZovskych vrchov sledoval obsah primarnych a sekundarnych metabolitov. V experimen-
toch sa porovndvala nehnojend kontrola (variant 1) s variantom 2 hnojenym 90 kg N.ha™" + 30 kg P.ha™'. Porasty sa vyuZivali
trikrat pocas vegetaéného obdobia: prva kosba v rastovej faze zadiatok klasenia prevladajicich druhov trév; druh4 kosba o 3tyri
aZ pit tyZdiiov; treti kosba o Sest aZ osem tyZdiiov po druhej kosbe. Chemickymi rozbormi, vykonanymi laboratoriami
Vyskumného tstavu polnohospodérskeho v Nyone a katedry krmovindrstva SPU v Nitre, sme zistili, Ze suina nehnojenych
poloprirodnych travnych porastov obsahuje priemerne 14,25 aZ 16,45 % N-latok, 8,88 aZ 10,12 % PDI, 5,49 aZ 5,90 MJ.kg_I
suSiny NEL, 20,03 aZ 21,03 % vlakniny, 5,50 az 6,08 % ligninu a ma 70,27 az 72,58% stravitelnost organickej hmoty. Hnojeny
variant produkuje su$inu sena s vyrovnanym obsahom N-litok a PDI v porovnani s nehnojenou kontrolou s nepreukazne
niZ§imi hodnotami NEL a vy33imi hodnotami obsahu ligninu, o sa premieta i v niZ3ej strdviteInosti organickej hmoty.
Relativne vysoky podiel dvojkli¢nolistovych druhov (40 az 50 %) na eutrofizovanom stanoviiti sa prejavil vysokymi hodno-
tami IANP s maximom 165,05 v druhej kosbe v nehnojenom variante a 175,15 v tretej kosbe vo variante hnojenom dusikom
a fosforom. Hnojeny porast obsahuje v susine sena priemerne 15,12 az 16,85 % N-latok, 9,51 az 10,07 % PD], 5,42 aZ 5,69 MJ .kg“l
suSiny NEL, 20,28 aZ 21,79 % vldkniny a 5,77 a% 6,20 % ligninu. StraviteInost organickej hmoty hodnotime ako dobrd
(69,49 % v tretej a 71,39 % v prvej kosbe).

Klicové slova: poloprirodny trdvny porast; hnojenie; primédrne a sekunddrne metabolity; stravitelnost organickej hmoty

UvoD skvalitiiovania polnohospodarskej vyroby vieobecne po-
ukazuji na to, Ze PTP su potencidlnym zdrojom efek-

Poloprirodné travne porasty (PTP) zohravaji doleZi-  tivneho ziskavania objemovych krmiv a zvy$ovania ich

td dlohu v toku hmoty a energie v biosfére a zdrovei  kvality (Krajéovi¢ a kol., 1968; Lichner a kol., 1977,
su ddleZitou sicastou polnohospodarskych sistav. Ana-  Holdbek, 1991). Kvalita tejto sekundarnej vegeticie
lyzy si¢asného stavu vo vztahu k moZnostiam dalSieho  v3ak len zriedka zodpoveda potrebdm a poZiadavkam
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vyzivy zvierat (Rychnovskd a kol., 1985; Holibek,
1991).

Zvy3senie produkcie fytomasy travnych porastov pod-
miefiuje predovietkym vyZiva a hnojenie organickymi
a minerdlnymi hnojivami (Klapp, 1971; Velich, 1986;
Holubek, 1991; Krajéovi¢, 1996 a i.). Kvalita produkcie
travnych porastov je limitovana obsahom Zivin, klima-
tickymi podmienkami, frekvenciou vyuZivania a najma
fytocenologickym zloZenim (S¢ehovié, 1994; Holubek,
1997). Odporicané fytocenologické zastipenie floris-
tickych skupin (50 aZ 60 % trav, 20 az 30 % leguminéz
a 20 % ostatnych bylin, Klapp, 1971) je po intenzivnom
hnojeni dusikom taZko realizovatelné. Systematické hno-
jenie vy$Simi ddvkami dusika (nad 100 kg.ha_l) postupne
vedie k vytvoreniu zjednoduSenych, prevazne travnych
spolocenstiev (85 aZ 90 % trav). Pocet vyznamnych dru-
hov s pokryvnostou nad 1 % je v negativnej linearnej
korelécii s davkami dusika (Velich, 1986). Tato vyznam-
na simplifikacia liénych fytocenéz sa premieta do nut-
ri¢nej hodnoty, chutnosti a stravitelnosti krmu a visej
zavislosti produkcie od meteorologickych podmienok.
V zaujme objektivneho posidenia kvality suSiny sena
sa v ostatnych rokoch sleduje okrem primarnych meta-
bolitov tieZ obsah sekundédrnych metabolitov a ich vplyv
na kfmnu hodnotu travnych porastov (S¢ehovié, 1994;
Holubek, 1997).

MATERIAL A METODA

Fytocenologické, produkéné a nutricné ukazovatele
sudiny sena sme sledovali v rokoch 1992 aZz 1995 po
dlhodobom koSarovani mladym dobytkom na eutrofizo-
vanych poloprirodnych travnych porastoch v oblasti Stra-
Zovskych vrchov (lokalita Chvojnica) ako sucast pro-
jektu A-61 G.

Z hladiska fytocenologického ¢lenenia patri toto uze-
mie do oblasti zdpadokarpatskej fléry (Praecarpaticum).
Fytocenologicky PTP s prevahou druhov so strednou aZ
vysokou kimnou hodnotou predstavuje asocidcia Lolio-
-Cynosuretum typicum R. Tx. 1937 — zvidz Cynosurion
(Jurko, 1974). Tvoria ju extrémne spasané spoloenstvé
tdolnych pasienkov aluvidlnych niv az do podhorského
stupiia s charakteristickou trdvou asociacie Lolium pe-
renne, ktord na pddach s vy$§im obsahom $trku podlieha
konkurencii odolnejiich druhov, ako je Festuca rubra
a Agrostis vulgaris, ktoré ju postupne vytla¢aji. Na mies-
tach s intenzivnymi antropogénnymi zisahmi sa aso-
cidcia priblizuje k zo$lapovanym spolo&enstvam zvizu
Polygonion avicularis, s ktorym ma vela spolodnych
znakov. V ramci asocidcie Lolio-Cynosuretum je v hor-
skych dolindch vyclenena subasociacia Lolio-Cynosure-
tum alchemilletosum (Grodz. et Zarz 65) emend. Jurko 69.
Vytvara prechod k horskym pasienkom a prechod
k asocidcii Anthoxatho-Agrostietum. Okrem Lolium pe-
renne k charakteristickym (vyznamnym) druhom pat-
ria: Cynosurus cristatus, Phleum pratense, Anthoxan-
thum odoratum, Briza media, Trifolium repens, Bellis
perennis, Leontodon autumnalis, Hypochaeris radicata,
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Plantago lanceolata, Vicia cracca, Centaurea jacea, Tra-
gopogon orientalis.

Klimaticky patri celé Gzemie do oblasti mierne teplej,
okrsku mierne teplého, vlhkého, vrchovinného, s ro¢-
nym tGhrnom zraZok 600 az 800 mm. Klimaticki cha-
rakteristiku experimentalnych rokov uvddzame v tab. L.

Geologicka stavba je tvorena horninami proteozoika
a kenozoika. Prevazuju tu illimerizované aZ oglejené
pody na polygénnych hlinich a hnedé pddy. Zistené
hodnoty sorpénych vlastnosti v pdde pokusného stano-
vi$ta st adekvatne pddam typu kambizeme, ktorych cha-
rakteristickym znakom su nizSie parametre podnej
drodnosti.

Pbdna reakcia je vo vrchnej Casti podneho profilu
(do 150 mm) extrémne kysld, nedosahuje ani 4,2 pH/KCI.
Celkovy obsah dusika dosahu{e strednd droven, obsah
fosforu je nizky (15,76 mg.kg™"), obsah pristupného hor-
Cika stredny (68,00 mg.kg ") a obsah draslika Stvorna-
sobne prekracuje hodnoty zodpovedajice vysokému ob-
sahu (696 mg.kg").

Vplyv vyZivy a vyuZivania PTP sme sledovali v $ty-
roch opakovaniach bez inputu minerdlnych hnojiv (ne-
hnojena kontrola — variant 1) a pri davke 90 kg Noha ! +
30 kg P.ha™! (variant 2). Fosfor sme aplikovali na jar
pred zaCiatkom vegetécie, dusik v rovnakych davkach
na jar, po prvej a po druhej kosbe. Draslik sme neapli-
kovali kvéli jeho vysokému obsahu v pode.

Porasty sme vyuzivali v senokosnej zrelosti (tri kos-
by). Z odobratych vzoriek sme v laboratériach katedry
krmovinarstva SPU v Nitre a Vyskumného ustavu pol-
nohospodarskeho v Nyone stanovili:

1. obsah suSiny (pri 105 °C do konStantnej hmotnosti)

2. obsah organickych latok v suSine:

— koncentracia dusika — Kjeldahlovou metédou, obsah
dusikatych latok sme vypocitali podla vztahu: NL =

N x 6,25
— lignin a celuldza — gravimetricky pomocou trietylén-

glykolu aktivovaného kyselinou chlorovodikovou
— obsah lignocelul6zy — gravimetricky pomocou kyslého

detergentu ADS, rozpusteného v N-acetyl-N,N,N-

-trimetylaméniu
— rozpustné fenoly (CPFS) a nerozpustné fenolové ky-

seliny (CPFI) — v metanolovom extrakte, v ktorom
dochéadza k redukcii pritomnych fenolov v alkalic-
kom prostredi; z farebného komplexu, vytvoreného
reakciou molybdénovych a volfraimovych soli s fe-
nolovymi latkami, sa spektrofotometricky stanovila
intenzita modrého sfarbenia roztoku odmeranim ex-
tinkcie; linedrny vztah medzi optickou hustotou a ob-
sahom fenolov umozZiiuje vypocital koncentraciu
podla tychto vztahov:

CPFS = (extinkcia CPFS x 0,8877 — 0,0066) x 500 obsah
sudiny vo vzorke (% susiny)

CPFI = (extinkcia CPFI x 0,8877 - 0,0066) x 500 obsah
susiny vo vzorke (% suiny)

— stravitelnost organickej hmoty (SOH) — S&ehovig
(1994):
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SOH =34,286 - 1,295 L + 0,589 x (113,71 - 1,222 LC +
+0,462 CV - 10,85 CPFI)

kde: L — obsah ligninu v suSine PTP (%)
LC - obsah lignocelulézy v susine PTP (%)
CV - obsah celulézy v susine PTP (%)
CPFI - obsah esterifikovanych fenolovych kyselin v suSine PTP
(%)

— skutoéne stravitelné dusikaté latky v tenkom Ereve
(PDI) a energeticki hodnotu PTP — Sommer a kol.
(1994)

— obsah vlakniny — Hennenberg-Stohmanovou metédou

— index potencidlnej negativnej aktivity (IANP) — S¢e-
hovié¢ (1994):

IANP = 100 - (100 x PLE/PLT)

kde: PLE - fenoly uvolnené za pritomnosti extraktu
PLT - fenoly uvolnené bez pritomnosti extraktu

DetailnejSie metodické postupy experimentalnych pric
uvadzaji Jan¢ovi¢, Holibek (1999).

Dosiahnuté vysledky sme §tatisticky vyhodnotili me-
tédou analyzy rozptylu.

VYSLEDKY A DISKUSIA

Obsah dusikatych latok

Obsah N-latok v travnych spoloenstvach zavisi od
podielu floristickych skupin, druhového zloZenia, vyZivy
a hnojenia, klimatickych podmienok a rastovej fazy —
etapy organogenézy. MoZe kolisat od 30 do 35 % v su-
$ine mladého porastu s prevahou listov aZ po troveil 5 aZ
10 % pri prestarnutom poraste s vysokym podielom ste-
biel. Koncentracia N-latok v suSine listov je podstatne
vy§§ia v porovnani s ich obsahom v steblach, pri¢om
leguminézy v travnom poraste obsahuji viac N-latok
ako travy (Klapp, 1971; S¢ehovi&, 1992). Hnojenie vys-
§imi davkami dusika (nad 120 kg.ha"') tieto rozdiely
eliminuje a koncentricia N-latok v trdvach mdZe pre-
vysit ich obsah v legumindzach (Frame, Tiley, 1990).
V konfrontacii s vyZivou zvierat by mal krmd z kimnych
porastov obsahovat 120 az 150 g.kg‘I N-latok (Labuda
a kol., 1975). Z naSich experimentdlnych prac rezultuje,
Ze tuto poziadavku PTP asociacia Lolio-Cynosuretum
typicum spiiia, &o dokumentuji vysledky v jednotlivych
rokoch, kosbach a variantoch (tab. II) i priemerné hodno-
ty (obr. 1).

Zo S§tatistického hodnotenia vysledkov obsahu N-li-
tok sme nezistili preukazné rozdiely medzi variantmi
a experimentdlnymi rokmi. Travy ako nitrofilné
a v spoloCenstvach dominujice rastliny hnojené dusi-
kom by si mali uchovat vysoky obsah PDI, t. j. proteinu
resorbovatelného v tenkom Creve.

Sledovanim vplyvu intenzity N-hnojenia trdvnych
porastov sme zistili zvySovanie obsahu N-latok na jed-
nej strane a pokles obsahu energetickych komponentov
prezentovanych BNLV, vldkninou a vodorozpustnymi
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I. Ukazovatele kvality sena asocidcie Lolio-Cynosuretum typicum v % susiny — Parameters of hay quality Lolio-Cynosuretum typicum asociation in % of dry matter

Roky?
tikazovail aia 1992 1993 1994 1995
kosby*
1 2 3 1 2 3 1 2 3 1 5 3

N-latky® 1 15,30 16,00 18,20 15,80 12,40 15,10 16,60 14,50 17,70 18,10 14,10 14,60
(%) 2 16,20 16,30 18,40 14,90 14,10 18,90 17,20 15,60 16,50 17,50 14,50 13,60
PDI 1 9,78 10,23 11,64 10,10 7,93 9,66 10,61 9,27 11,32 10,20 8,07 7,86
(%) 2 10,30 10,42 11,77 9,53 9,02 8,89 11,03 9,98 10,55 9,45 8,63 7,81
NEL 1 5,92 6,07 6,52 6,19 6,02 6,11 573 5,70 532 5,85 4,61 3,99
(MJ.kg™! susiny?) 2 6,14 5,81 6,28 591 5,93 6,08 5,58 5,42 524 5.16 4,78 4,11
Strévitelnost organickej hmoty® 1 71,93 73,58 77.88 74,94 73,10 74,78 70,51 70,92 68,23 72,95 66,02 60,17
(%) 2 74,05 71,08 75,06 73,57 73,11 74,06 69,44 69,07 66,34 68,52 66,03 62,52
Vlaknina’ 1 21,10 19,40 16,20 21,00 19,70 19,70 22,50 19,70 20,80 19,50 21,30 23,90
(%) 2 20,54 18,68 20,24 23,24 19,71 24,76 21,26 18,05 17,17 21,10 24,70 25,00
Lignin® 1 5,63 5,40 3,74 4,68 5,25 4,41 6,16 5,95 6,77 5,51 7,72 9,27
(%) 2 5,06 6,21 4,00 573 5,12 4,65 5,74 6,58 6,81 6,56 6,89 7,72
CPFS 1 2,74 3,28 2,53 3,75 4,69 4,61 3.04 3,43 342 3,07 3,14 2,29
(%) 2 4,14 472 3,91 234 3,22 324 3,02 2,81 2,82
CPFI 1 122 1.10 1,09 111 1.18 1.15 1.21 1,30 1,39 1,21 1,27 1,59
(%) 2 0,93 1,17 1,16 1,36 1,29 1,47 1,42 1,47 1,60
i 1 100,00 165,00 143,00 133,00 165,10 176,40

2 71,20 143,20 150,00 153,80 145,20 200,30

PDI = skutoéne straviteIné N-latky v tenkom éreve — protein digestability in small intestine
NEL = netto energia lakticie — netto energy of lactation

CPFS = rozpustné fenoly — soluble phenols
CPFI = fenolové kyseliny — phenolic acids
IANP = index potenciilnej negativnej aktivity — index of potential negative activity

parameter, 2vanam. ayears, 4cuts, crude protein, sorgamc matter digestability, "fiber, I’hgmn, 9dry matter
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1. Ukazovatele kvality sena asocidcie Lolio-Cynosuretum typicum v % suiny (priemer za §tyri roky) — Parameter of hay quality Lolio-Cyno-

suretum typicum in % of dry matter (average of four years)

N-latky — crude protein

PDI = skutoéne straviteIné N-ldtky v tenkom éreve — protein digestability in small intestine

NEL = netto energia lakticie — netto energy of lactation
stravitelnost OH — organic matter digestability

vlaknina — fibre

lignin - lignin

CPFS = rozpustné fenoly — soluble phenols

CPFI = fenolové kyseliny — phenolic acids

IANP = index potencidlnej negativnej aktivity — index of potential negative activity

kosba — cut

cukrami na strane druhej (Kolaf, 1983; Holubek, 1991).
V tejto stvislosti bol bilanénymi pokusmi na zvieratach
zisteny vysokopreukazny narast stravitelnosti N-latok.
ZvySovanie obsahu N-latok a ich stravitelnosti viedli
k zvyrazneniu zvySenia obsahu SNL, ktory sa nepreja-
vil nutriénym efektom, ale naopak zvy¥enou exkréciou
dusika mocom, a to v plnom rozsahu zvySeného prijmu
(Braun a kol., 1996). To znamend, Ze vysoké davky
dusikatych hnojiv (organickych aj minerdlnych) napriek
zvySeniu urod fytomasy neprinasaji poZadovany eko-
nomicky efekt.

V kontexte novych pohladov na rie$enie problema-
tiky N-latok nie je toto kritérium (SNL, N-latky) posta-
Cujuce, pretoZe nereSpektuje procesy prebiehajice v za-
zivacom trakte polygastrickych zvierat poCas travenia
prijatého krmiva. V novych systémoch hodnotenia N-14-
tok sa interpretuje travenie a metabolizmus dusika so
sti¢asnou identifikdciou a kvantifikéciou strat dusika, kto-
ré st sposobené jeho neprimeranym prijmom (Sommer,
Ceresiidkova, 1995). V tejto stvislosti sme vypo¢itali
hodnoty PDI (tab. II, obr. 1). Pratotechnické zasahy,
ako sd vyZiva, hnojenie a kosby, nemali vyrazny vplyv
na obsah PDI. Priemerny obsah PDI (za Styri roky) vo
variante 1 bol v prvej kosbe 10,17 %, v druhej 8,75 %
a v tretej 10,12 %. Variant hnojeny dusikom a fosforom
sa prezentoval obsahom PDI 10,07 % v prvej, 9,51 %
v druhej a 9,75 % v tretej kosbe. Na ziklade uvede-
nych vysledkov treba hladat moZnosti uplatnenia viace-
rych spdsobov vyZivy a vyuZivania travnych porastov,
ktoré umozZnia dlhodobo udrZat kimnu zrelost s poZa-
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dovanou nutri¢nou hodnotou, chutnostou a stravitelnos-
tou krmu.

Obsah fenolov

Kvalitu krmu z PTP vyrazne ovplyviiuje etapa orga-
nogenézy a floristické zloZenie. Z tohto aspektu mé vel-
ky vyznam floristicka skupina dvojkli¢nolistovych bylin,
pretoZe tieto si nositelmi vysokého obsahu sekundar-
nych metabolitov. V Struktire dvojkli¢nolistovych rastlin
je aZ 85 % druhov s relativne vysokymi koncentraciami
rdznych fenolovych frakcii, asi 10 % druhov bohatych
na terpény a zvyS$ok je charakteristicky obsahom inych
sekundarnych metabolitov, najmi alkaloidov (S&ehovi,
1992). Podstatna cast tychto chemickych Struktir ma
obranny charakter, ktorého pdsobenie sa realizuje:

— toxicitou, zapachom, chutou (vplyv na prijatelnost
a chutnost),

— baktericidne, fungicidne a denaturacne (vazby s rdzny-
mi Struktirami, vysledkom pdsobenia ktorych je zni-
Zovanie vyZivnej hodnoty denaturovanych Struktir),

— vplyvom na energeticki a kimnu hodnotu.

V zaujme postdenia vplyvu sekundérnych metaboli-
tov na kvalitu krmu z travnych porastov sme sledovali
najmi obsah fenolov a fenolovych zlacenin.

Najvyznamnej$im predstavitelom fenolovych zlice-
nin je lignin (tab. II). Zo $tatistického hodnotenia obsa-
hu ligninu rezultuje, Ze medzi variantmi hnojenia a jed-
notlivymi kosbami boli nepreukazné a medzi ro&nikmi
preukazné rozdiely.
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Za limit stravitelnosti je povazovany obsah 7 % ligninu
v suSine trav. PTP pri diferencovanom hnojeni a trojkos-
nom vyuzZivani uvedeny limit v priemernych hodnotéich
s vynimkou roku 1995 nedosahuje. Pocas rastu trdv do-
chadza v kvalite ich pletiv k podstatnym zmeném. Po-
kial sa nezaCne objavovat na rastline stikvetie (metlina,
klas alebo klasovite stiahnutd metlina), obsah ligninu
v rastline je limitovany, rastliny st $tavnaté s relativne
vysokym obsahom vody, maji vysoki straviteInost
a koncentréciu energie. Produkéné travy (reznacka la-
loénata, kostrava li¢na) prekrocia limitni hodnotu (7 %
v sudine) vtedy, ak sa ich zber uskuto¢iiuje v rastovej
faze kvitnutia aZ tvorby semien. Koncentracia ligninu
v nadzemnej fytomase rastlin sa zvySuje v priemere
00,03 % za def, pricom v mladsich vyvojovych Stadidch
je jeho obsah 5 % v suSine, v starSich sa zvySuje aZ na
10 % (Keftash, Tuvesson, 1993). Samotny lignin, ziska-
ny réznymi izolaénymi procedirami, je hnedd amorfna
pevna latka, nerozpustnd vo vode a vacSine organic-
kych rozpustadiel. Izolovany lignin vykazuje vac¢Sinou
molekulovi hmotnost od 2 800 do 6 800. Je pravdepo-
dobné, Ze medzi opakujicimi sa zakladnymi stavebnymi
jednotkami ligninu existuje vela réznych typov vizieb.

Séehovi¢ (1992) povazuje za zdvazni problematiku
obsahu vanilinu, ktory sa s niekolkymi dal$imi fenolmi
nachadza vo vyslednom produkte po degradacii ligninu.
ZjednoduSene sa da povedat, Ze vanilin predstavuje kva-
litativny charakter lignifikacie, ktora sama osebe je pojem
kvantitativny. To znamena, Ze stravitelnost bunkovych
stien zédvisi predovSetkym od koncentracie vanilinu.
V naSich experimentoch najvy§§i obsah vanilinu sme
zistili v leguminézach (2,01 az 2,28 %), najniz§i v pu-
pave lekarskej (1,17 %) a psici tuhej (1,78 %) (Hola-
bek, Jancovi¢, 1999).

Za vyznamnu frakciu z hladiska kvality krmu z PTP
st povazované rozpustné fenolové polyméry — taniny.
Vyznacuji sa schopnostou viazat sa vodikovymi vizba-
mi na iné polyméry, ako napr. bielkoviny, $trukturdlne
cukry, pektiny a pod. Tieto vizby su reverzibilné, ak
ide o kondenzované polyméry, a nereverzibilné v pripade
hydrolyzovatelnych polymérov. Ich pdsobenie v zaZi-
vacom trakte je polyvalentné (Séehovi¢, 1992). Z vy-
sledkov naSich experimentov vyplyva, 7e na hodnoty
obsahu CPFS mal Statisticky vysokopreukazny vplyv
ro¢nik. V dalSich sledovanych zdrojoch premenlivosti
(varianty) su vysledky obsahu rozpustnych fenolov ne-
preukazné. V kosbach sme zistili preukazny rozdiel len
medzi prvou a druhou kosbou.

Nerozpustné fenoly (CPFI) si podobne ako lignin
viazané na vldkninovi Struktiru bunkovych stien, ale
ich esterické vizby na rozdiel od ligninovych vizieb su
reverzibilné, to znamend, Ze pocas fermentacie v zaZi-
vacom trakte preZivavcov sa tieto kyseliny uvolfiuji
a vyvijaji baktericidne pdsobenie na mikroorganizmy
bachora. Vysledky obsahu CPFI uvédzame v tab. II a na
obr. 1. Statistickym hodnotenim sme zistili preukazny
vplyv rokov na obsah nerozpustnych fenolov. Vo va-
riantoch a kosbéch neboli rozdiely v obsahu Statisticky
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preukazné. NajniZsie hodnoty obsahu fenolov sme evi-
dovali v prvych kosbach, v Struktire ktorych dominuji
jednoklicnolistové travy, najvyssie v druhych a tretich
kosbéch, v $truktire ktorych dominuji dvojkliénolisto-
vé druhy li¢nych rastlin, bohatych na obsah sekundar-
nych metabolitov. V priemernych hodnotach vzrasta kon-
centracia nerozpustnych fenolov s intenzitou hnojenia
dusikom (obr. 1).

Stravitel'nost organickej hmoty

Najd6lezitejSim meradlom kvality krmu je jeho stra-
vitelnost. Pri zvySovani stravitelnosti Zivin sa nielen
zvySuje mnozstvo vyuZzitelnej energie z 1 kg suSiny krmi-
va, ale zaroveii sa zvySuje i celkové mnoZstvo prijima-
nych objemovych krmiv. Trojkosny systém vyuZivania
travnych porastov umoziiuje produkovat krm s pozado-
vanym obsahom vldkniny a dobrou aZ velmi dobrou
stravitelnostou organickej hmoty. Analyzou rozptylu
sme zistili, Ze faktor hnojenie nema $tatisticky preukaz-
ny vplyv na stravitelnost organickej hmoty. VysSie hod-
noty stravitelnosti organickej hmoty sme zistili vo va-
riante 2 (90 kg N + PK). V prvej kosbe toto zvySenie
predstavuje 1,19 %, v druhej kosbe 1,08 % a v tretej
0,77 %. Suvisi to pravdepodobne s vy$Sou pokryvnos-
tou travnej zloZky v urode fytomasy na variante hnojenom
dusikom. Rozdiely v stravitelnosti organickej hmoty
medzi kosbami nie su $tatisticky preukazné. NiZia stra-
vitelnost organickej hmoty koreluje v prvej a druhej
kosbe s obsahom ligninu.

Index potencialnej negativnej aktivity

V eutrofizovanom spolocenstve li¢nej fléry domino-
vali dvojkli¢nolistové druhy rastlin. V tejto suvislosti
kvalita PTP v konfrontécii s obsahom sekundarnych me-
tabolitov sa v ostatnych rokoch vyjadruje indexom po-
tencidlnej negativnej aktivity (dalej IANP). Tento index
dovoluje pomerne rychlym a nendroénym spdsobom
kvantifikovat potencidlnu negativnu reakciu inhibitorov,
nachadzajicich sa v rastlinnom organizme, resp. v spo-
lo€enstvéch rastlin. .

IANP zodpoveda potencidlnej schopnosti rastlinnej
hmoty inhibovat proces v zazivacom trakte preZivavcov.
Kumuluje negativnu syntézu vSetkych komponentov, na-
chadzajticich sa v presne definovanom extrak&énom pros-
tredi, na enzymatickd degradaciu $pecifického vlakni-
nového substratu. Z vysledkov uvedenych v tab. IT a na
obr. 1 vyplyva, Ze pozadované kritérium hodn6t JANP
do 120 spliiaji PTP iba v prvej kosbe v roku 1994.
V nasledujicom roku (1995) vo variantoch i kosbach
hodnoty IANP vysoko prekracuji poZadovani optimal-
nu hranicu, pricom vplyv roku a kosby na hodnoty
IANP je Statisticky preukazny, vplyv variantu nepreu-
kazny, ¢o podmiefiuje vysoka pokryvnost dvojkli¢nolis-
tovych listnatych bylin na oboch variantoch.
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ZAVER

Experimentalnym $tvorro¢nym sledovanim vplyvu vy-
#ivy a hnojenia priemyselnymi hnojivami eutrofizova-
ného poloprirodného travneho porastu (asocidcia Lolio-
-Cynosuretum typicum) sme dospeli k tymto zédverom:

V $truktire PTP dominuje floristickd skupina dvoj-
kli¢nolistovych rastlin. Pokryvnost leguminéz je prezen-
tovand na extenzivnom variante 15 aZ 25 %, pokryv-
nost skupiny ostatnych bylin 36 aZ 43 %. Intenzivne
hnojenie (90 kg N.ha ! + 30 kg P.ha™!) sa prejavilo
vy§Sou pokryvnostou floristickej skupiny trdv od 52 do
64 %. Obsah N-latok v su§ine sena na hnojenom a ne-
hnojenom variante spliia kritérid poZadované normova-
nou potrebou polygastrickych zvierat. Rozdiely medzi
variantmi su $tatisticky preukazné. Vyssi obsah N-latok
sme zistili na variante hnojenom dusikom a fosforom.

Trojkosne vyuZivané PTP, zberané na zaciatku kvitnutia,
produkuji krm s hodnotami NEL v prvej kosbe 5,70 aZz
5,92 MJ.kg'l, v druhej kosbe 5,49 az 5,60 MIkg™
a v tretej kosbe 5,43 aZ 5,49 MJ.kg'I suSiny. Su pre-
zentované nizkym obsahom vlakniny v susine sena pod
22 % a relativne nizkym obsahom ligninu pod 6 %. Ob-
sah vlakniny a ligninu sa zvySoval s rastom podielu vy-
sokych trdv a bylin vo fytocenézach. Dosahuji velmi
dobru stravitelnost organickej hmoty (priemerne 70,91 az
72,58 %) so Statisticky nepreukaznymi rozdielmi medzi
extenzivnym a intenzivnym variantom.

PTP s vysokou pokryvnostou dvojklicnolistovych rast-
lin s nositelmi vysokého obsahu rozpustnych (2,26 az
3,64 %) a nerozpustnych (1,19 aZ 1,42 %) fenolov
(tab. II). Statistickym hodnotenim vysledkov obsahu fe-
nolov, vyjadreného indexom potencidlnej negativnej akti-
vity (IANP), sme zistili vysokopreukazné rozdiely medzi
variantmi, kosbami i rokmi. Intenzivne hnojeny porast
sa prezentuje nizSimi hodnotami IANP (priemerne
81,60 az 114,60). JANP ako ukazovatel kumulovanej
negativnej potencialnej schopnosti rastlinnej hmoty do-
sahuje vysoké hodnoty. PoZadované kritérium hodnot
TANP do 120 je vysoko prekraované v druhych a tre-
tich kosbach experimentéalnych rokov. Vynimkou si ex-
perimentélne sledovania v roku 1994 v prvej kosbe, kde
TANP dosahuje hodnoty pod 100. V tomto kontexte kon-
centricia jednotlivych komponentov, a $pecidlne sekun-
darnych metabolitov, nie je zdkonite proporcionalna ich
biologickej aktivite, vyvijanej v zaZivacom trakte preZzi-
vavcov. Preto je Ziaduce porovnat stravitelnost organickej
hmoty, resp. zZivin, okrem metddy in vivo aj in vitro.
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ECONOMIC AND ENERGY EFFECTIVENESS
OF SELECTED CULTURAL PRACTICES IN WINTER
WHEAT IN DIFFERENT CROP ROTATIONS

EKONOMICKA A ENERGETICKA EFEKTIVNOST VYBRANYCH
PESTITELSKYCH OPATRENI U OZIME PSENICE V RUZNYCH
OSEVNICH POSTUPECH

A. Harasim

Institute of Soil Science and Plant Cultivation, Putawy, Poland

ABSTRACT: The objectives of the study were to determine how yield decline in winter wheat cropped continuously could
be prevented by applying different crop cultural practices and to assess their economic and energy-related effectiveness. The
analysis was based on data from four-factorial field trials run on experiment farms in the years 1988 to 1990 on soils rated
as good wheat-growing complex. The study included four crop rotations, two levels of chemical crop protection, two levels
of nitrogen fertilization (70 and 105 kg N.ha™!) and two wheat varieties Emika and Lanca. Of all the factors under study
yields, economics and energy-related performance of wheat production were the most affected by positioning in crop rotation.
As the position became worse yields and the economic and energy-related indices got lower. The best performance with
regard to yields, economics and energy was obtained when variety Lanca was grown after non-cereal crops (peas) at a lower
nitrogen rate (70 kg N.ha™!) and at full chemical protection. It was found that rational crop rotation continues to be an
indispensable yield-forming factor since an adverse effect of bad crop position could not be levelled off by compensating
measures. Consummables (fertilizers, pesticides, seeds) took the highest percentage of direct costs and energy inputs (46 and
50%, resp.) whereas human labour was the least expensive item (8 and 5%).

Keywords: winter wheat; yields; varieties; crop rotations; nitrogen fertilization; crop protection; economic and energy
effectiveness

ABSTRAKT: Byla ovéfovina moZnost ovlivnit vynosy ozimé p$enice pouZitim riznych péstitelskych opatfeni a byla vy-
hodnocena jejich ekonomicka a energeticka efektivnost. Analyza vychazela z vysledku étyffaktorialnich polnich pokusu, které
probéhly v letech 1988 aZz 1990 na pokusnych farméch, na pidach vhodnych pro péstovani pSenice. V pokusech byly
sledovény &tyfi osevni postupy, dv& Grovng chemické ochrany plodin, dv& hladiny dusikatého hnojeni (70 a 105 kg N.ha™!)
a dvé odridy pSenice Emika a Lanca. Osevni postup ze viech faktorl nejvice ovlivnil vynosy, ekonomiku a energetickou
vykonnost produkce pSenice, $patné zvoleny osevni postup sniZoval vynosy i dal$i ekonomické a energetické ukazatele. Vys$si
produktivity bylo dosaZeno pfi péstovani p3enice odriidy Lanca po jinych predplodinach neZ obilninach (po hrachu) pfi nizsi
déavce dusiku (70 kg N.ha™) a pfi plné chemické ochrané. Raciondlni osevni postup je hlavnim vynosotvornym faktorem.
Pripadny nepfiznivy vliv pfi $patné volbé pfedplodiny nelze vyrovnat dal$imi kompenzanimi opatfenimi. Nejvy3si podil
pifimych ndkladi a energetickych vstupl (46, resp. 50 %) pfipadl na pouzity materidl (hnojiva, pesticidy, osivo), zatimco
lidské préace byla nejlevn&jsi polozkou (8 a 5 %).

Klicova slova: ozima p3enice; vynosy; odridy; osevni postupy; dusikaté hnojeni; ochrana plodin; ekonomicka a energeticka
efektivnost

INTRODUCTION Niewiadomski, Borenska, 1979; Harasim, 1982; Siel-

ing, Hanss, 1990; Kus, 1995).

The increase of small grains in the total cropped area
leads to frequent cases of their continuous cropping.
Winter wheat is remarkable for its high requirements
with regard to position in crop rotation. When put in
an adverse position, particularly after a cereal, it re-
sponds with a grain yield decrease which most fre-
quently reaches 20 to 30% (Jelinowski, 1977;
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It is important to look for possibilities of restricting
the adverse effects of bad crop position through different
approaches to crop management. Increased fertilizer
rates, higher sowing rates, chemical crop protection,
proper varieties and more intensive soil management
are most frequently applied to offset the effect of un-
suitable position in the cropping sequence (Jelinowski,
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1977; Niewiadomski, Boreriska, 1979; Niewiadomski,
1980; Kus, 1984; Harasim, Pacholczyk, 1985; Harasim,
1988; Steinbrenner, Obenauf, 1988; Kus et al., 1991).

In crop rotation studies environmental and agronomic
issues are most frequently given the closest attention.
Under market economy and with the search for univer-
sal evaluation methods economic and energy-related
criteria gain more significance (Niewiadomski, 1980;
Krej&it, 1988; Krzymuski, 1992; Vrko¢, 1992).

The aim of the study was to examine the possibilities
to prevent the yield decline in winter wheat resulting
from continuous cropping by applying full chemical
protection, increased nitrogen fertilization and proper
variety selection. The effectiveness of the husbandry
elements was assessed with regard to their yield- eco-
nomics- and energy-related effects.

MATERIAL AND METHODS

The basis for the study was provided by data from
field trials conducted in the years 1988 to 1990 on three
experiment farms on soils of the good wheat-growing
complex (type: brown soil leached, degraded black earth,
degraded chernozem). The trials were run in three three-
-year cycles and were laid down as a split-plot split-
-block design in three replications. It was established
after winter wheat to be followed in the Ist and 2nd
year by preparation of fields. In the 3rd year winter
wheat was sown as a test crop.

Four factors were examined:

I. Four crop positions that differed with the number
of preceding years without wheat (A = sugar
beets™”, peas, winter wheat; B = winter wheat,
peas, winter wheat; C = sugar beets*", winter
wheat, winter wheat; D = winter wheat, winter
wheat, winter wheat)

II. Two levels of chemical protection of wheat against
fungus diseases at full control of monocot and di-
cot weeds (a = fungicide at earing; b = fungicide
at shooting and at earing)

III. Two levels of nitrogen fertilization (N} = 70 kg.ha!;
N, = 105 kg.ha™!)
IV. Two winter wheat varieties (E = Emika, L = Lanca)

The data are from growing winter wheat (test crop)
in the 3rd year of the trial. The soil was medium high
in P, high in K, medium high in Mg. Soil pH was
slightly acidic. The years of the study tended to be dry
since they were characterized by shortage of rainfall
and rather high air temeperatures. NPK fertilization,
date and rate of wheat seeding, control of weeds and
that of leaf and ear diseases was the same in all treat-
ments. Fertilizer application rates to winter wheat were
80 kg P,O5 and 100 kg KZO.ha_'. Nitrogen (70 and
105 kg N.ha™!) was split-applied 45 + 25 and 55 + 50 kg
N.ha™", the first application being given in the spring
after the resumption of growth and the second at the
shooting stage. For each location optimum sowing date
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was chosen (20th September to 5th October). Sowing
rates per 1 ha were 4 million seeds (200 kg) for Emika
and 5 million seeds (210 kg) for Lanca. Both varieties
were released for production over the whole territory
of Poland. Prior to sowing the seeds were treated with
Baytan Universal 19.5 DS. Weeds were controlled with
Aminopielik D (3 Lha™!) and Dicuran 80 WP (2 kg.ha'l).
Leaf and ear diseases (Pucinia, Septoria) were con-
trolled with Tilt 250 EC (0.5 Lha™") at shooting stage
(protection levels a and b). At full crop protection (level
b) Pseudocercosporella herpotrichoides was controlled
with Topsin M 70 WP (1 kg.ha™") at the shooting stage.
The assessment of the effectiveness of different crop
management schemes was based on two-year means.

The amount of capital inputs was based on crop
management followed in individual treatments and on
actual consumption of fertilizers, seeds and crop pro-
tection chemicals. Labor inputs and machine wear was
determined based on data from on-farm studies. Costs
of labour and capital and crop value were calculated
based on 1997 prices and given as new polish zloty
(PLN).

Economic evaluation involved direct costs that in-
cluded mineral fertilizers, seeds, pesticides, fuel and
lubricants, labour, depreciation of machines and imple-
ments during their use. Direct surplus was calculated
as the balance of crop value (W) and direct production
costs (K). Relationship between the two values (W/K)
expressed as percentage is the gross payability index.
Energy inputs included: direct energy vehicles (fuel
and lubricants), consummables (fertilizers, seeds, pes-
ticides), capital investments (depreciation of agricul-
tural machines and implements) and labour inputs.

Energy-related value of the grain crop was assessed
using a FAO-recommended method (Wielicki, 1990) in
which 1 kg of dry matter was assumed to have an
energy value of 18.36 MIJ. Capital inputs, fuel con-
sumption, machine wear and labour cost were con-
verted to MJ by using appropriate indices of energy
consummability which were applied in preparing en-
ergy balance sheets of crop production (Wgjcicki,
1981; Anuszewski, 1987; Wielicki, 1990).

The following conversion factors were used:

— cereal seeds (1 kg) =7.5 MJ
— mineral fertilizers: 1 kg N =77 MJ

1 kg P,O5 = 14 MJ

1 kg K,0 =10 MJ
— pesticides (1 kg of active ingredient) = 300 MJ
— diesel fuel (1 kg) =48 MJ
— machine wear (1 kg) = 112 MJ
— spare parts (1 kg) = 80 MJ
— repair materials (1 kg) = 30 MJ
— human labour (1 manhour) = 40 MJ

The index of energy effectiveness (E) was calculated
from the formula: E = P/N, where: P = energy value of
grain crop obtained from 1 ha (MJ) and N = amount of
four energy input flows used to generate a grain crop
from 1 ha.

ROSTLINNA VYROBA, 45, 1999 (8): 373-377



RESULTS AND DISCUSSION

There was no significant interaction of the factors
under study with respect to their effect on winter wheat
yields, so the respective effects were analysed sepa-
rately. It was the position in crop rotation that affected
grain yields to the greatest extent (Tab. I). Significantly
higher yields were obtained from wheat grown after
peas (A, B) that involved a break of either one year (A)
or two years (B) in continuous wheat culture. The
yields of winter wheat grown as intermittent monocul-
ture (D) were 22 to 24% lower than when wheat was
preceded by peas (A, B). Crop position A (after a se-
quence of two good preceding crops) failed to produce
high grain yields due to increased plant lodging. The
same factor was instrumental in restricting yields of
winter wheat fertilized with a higher nitrogen rate
(105 kg N.ha™'). Grain yields benefited significantly
from full crop protection against fungal diseases. Of the
investigated factors, nitrogen ferilization level and va-
riety did not affect yields of winter wheat in a signifi-
cant manner. The data contained in review studies (Jeli-
nowski, 1977; Steinbrenner, Obenauf, 1988) indicate
that continuous culture of winter wheat results in abso-
lute grain yield decreases of 0.8 to 1.2 tha™! over the
outputs obtained under optimum crop sequences. In
this study the difference was 1.0 to 1.6 tha™! (Tab. I).
There is a fair amount of agreement that it is possible
to maintain high grain yields provided a two-year break
is practiced in growing winter wheat on the same piece
of land (Seidel, Decker, 1973; Jelinowski, 1977; Harasim,
Pacholezyk, 1985; Steinbrenner, Obenauf, 1988). Based
on the analysis of research data from the former Ger-
man Democratic Republic and from Poland a conclu-

sion was drawn that when full weed and disease man-
agement scheme is implemented the break in continu-
ous cropping if wheat can be reduced to one year (Stein-
brenner, Obenauf, 1988).

Economic and energy-related effectiveness are im-
portant indicators which describe how the value of pro-
duction relates to inputs. Production costs and energy
inputs involved in wheat production related to 1 ha of
land showed less variation than when converted to the
unit of produce (1 t of grain). The magnitude of unit
costs and inputs was most influenced by grain yields
obtained. The latter varied significantly with cropping
sequence and with crop protection level (Tab. I). Given
the similar grain yields of wheat at the two nitrogen
fertilization levels the effectiveness of that element of
crop husbandry was decided by production costs and
energy inputs. Economic and energy-related effects co-
incided with crop production assessment data. The
highest direct surplus of gross payability and the high-
est energy effectiveness of winter wheat production
were secured by such factors as positioning the wheat
crop after non-cereals (A, B), using a lower nitrogen
rate (70 kg N.ha"). full chemical protection and crop-
ping variety Lanca (Tab. I). Likewise, when calculated
on 1 t of grain basis the best economic and energy
performance was obtained from putting wheat in the
optimum rotation positions (A, B). Of the remaining
factors full chemical crop protection, lower nitrogen
rate and variety Lanca incurred a lower production cost
and at the same time required lower energy inputs to
produce 1 t of grain (Tab. I).

The factors under study had little impact on the
item-by-item breakdown of total production costs and
energy inputs (Tab. II). The top position on the list of

I. Grain yields and indices of economic and energy-related valuation of winter wheat production in relation to the investigated factors

A Direct costs of ;
Factors Factor (;::ll(? Froduetion: el production ncl;;l?gslsn_ pn?:zislsily gy Japds eff:;’;?:egzess
levels (tha!y [PLN.ha '] Gohal [PLN.ha-t LNt [PLNh™! | index  ['gypg-i [ wygt | index
W) (P) (K) | of grain | (W=K) | (WIK.100) | (py | of grain | (P/N)
A(b-p-w) | 668 | 3340 | 10427 | 1775 266 1565 188 2323 | 3477 4.49
L Crop |B(w-p-w) | 651 3255 | 101.62 | 1740 267 1516 187 23.05 | 3540 4.41
Sequence | ¢ (b-w-w) | 555 | 2775 | 86.64 | 1709 | 308 | 1066 162 22.63 | 4078 3.83
D (w-w-w) | 505 | 2525 78.83 | 1678 332 847 150 2223 | 4403 3.55
I Plant a = part 569 | 2845 88.82 | 1684 296 1161 169 2231 | 3922 3.98
protection | p, = gy 6.21 3105 96.94 | 1768 285 1337 176 23.26 | 3745 4.17
IIL N rate N, =70 594 | 2970 9272 | 1696 286 1274 175 2146 | 3612 4.32
(kgha™l) | N, = 105 595 | 2975 | 9288 | 1756 | 295 | 1219 169 24.11 | 4053 3.85
IV. Winter | Emika (E) | 5.83 | 2915 91.01 | 1709 293 1 206 171 2266 | 3886 4.02
variety Lanca (L) 6.07 3 035 9475 | 1742 287 1293 174 2291 3775 4.12
I 0.80
LSDy s 11, 0.31
111, n. s.
IV. n.s.
‘b= sugar beet, p = peas, w = winter wheat, n. s. = not significant
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II. Structure of direct costs of production and energy-related inputs

- Structure of direct costs (%) Structure of energy-related inputs (%)
RO levels | i i seeds | et |, S| buman | minersl | i | s | u |, o | Bumar

A (b-p-w) 17.3 158 [ 115]155| 320 7.9 38.1 4.4 66 299 | 159 5.1
1. Crop B (w-p-w) 17.6 161 |11.7]156| 310 8.0 38.4 4.4 67 | 297 | 158 5.0
sequence’ | (b-w-w) | 18.0 164 | 119|154 | 305 | 78 | 39. 4.5 68 [294| 153 | 49

D (w-w-w) | 18.3 167 |122]152| 299 7.7 39.8 4.6 69 | 29.0| 149 48
1I. Plant a = part 18.2 157 |12.1]153| 309 7.8 39.6 4.1 69 | 29.1 | 154 49
protection | b, _ gy 17.4 167 | 115|156 | 308 8.0 38.4 4.9 66 | 293 | 157 5.1
L N rate | Ny =70 16.9 165 |120]157| 309 8.0 35.1 4.7 7.1 [ 313 ] 165 5.3
(keha) | N, - 105 18.7 150 |16 |1s1| 310 | 77 | 423 42 | 64 |278| 146 | 47
IV. Winter | Emika (E) 18.0 163 |115[155| 308 7.9 39.0 45 65 |295| 155 5.0
variety Lanca (L) 17.6 16.1 12.1 | 154 | 309 7.9 38.7 4.4 69 |295| 155 5.0
Mean 17.8 162 | 118|154 | 309 7.9 38.8 4.5 6.7 |295| 155 5.0

‘b= sugar beet, p = peas, w = winter wheat

III. Combinations of factors securing the greatest economic, energetic and production effects of winter wheat over different crop rotation

POSi:L(:z‘::ncmp Combinations” Gﬁmﬂ!i?d Combinations Gro;;g:y(ﬂtx;:i)lity Combinations Energy ﬁ)fg:iciveness
A bN,L 7.08 bN,L 196 bN,L 491
B bN,L 6.98 bN,L 197 bN,L 4.87
C bN,L 6.09 bN,L 169 bN,L 4.33
D bN,L 5.46 bN,L 156 bN,L 3.86

. " .
for designations see Tab. I

direct production costs was taken by costs related to
depreciation of agricultural machines and tools (31%
of the total costs on average), human labour was only
8% of the total costs. The intermediate positions were
taken by fertilizer, pesticide and fuel costs (15 to 18%).
The breakdown of energy inputs was topped by fertil-
izers (39%) to be followed by fuel consumption (29%).
The percentage of pesticides, seeds and human labour
in the total energy inputs was relatively small (4 to
7%). Total consummables (fertilizers, pesticides and
seeds) accounted for 46% of direct production costs
and for 50% of energy inputs.

The analysis of wheat production data from different
crop rotation positions showed that agronomic, eco-
nomic and energy-related performance benefited from
cropping variety Lanca, full crop protection and in most
cases from the lower fertilizer rate (N; = 70 kg.ha‘l).
Agronomic effects of nitrogen fertilization depended
on the position of wheat in crop rotation (Tab. III). The
best effects were obtained in the peas-wheat cropping
sequence (A, B), and with the magnitude of the grain
yield obtained the justifiable nitrogen rate was 70 kg
N.ha~!. That nitrogen rate also secured higher money
returns and better energy-related effectiveness as com-
pared to nitrogen fertilization increased by 50%. In less
advantageous crop positions (C, D) the highest grain
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yields were possible if the higher nitrogen rate (N, =
105 kg.ha"l) was applied. However, the negative effect
of bad position in the cropping sequence could not be
offset by compensating measures (increased N fertili-
zation, chemical crop protection, choice of variety).

The data support the contention that rational crop
rotation continues to be an important and, indeed, an
indispensable yield forming-factor. A similar conclu-
sion was also drawn by other investigators (Jelinowski,
1977; Niewiadomski, 1980; Kus, 1995). The data from
the author’s own study (Tab. I) indicate that the highest
grain yields and the best gross payability and energy
effectiveness indices were obtained from good crop ro-
tation positions, with lower nitrogen rate and with full
crop protection. The results are in agreement with those
from other studies (Kus et al., 1992a, b). Noteworthy
is also the high energy effectiveness of winter wheat
production in good rotation positions (A, B) at full crop
protection and at the lower nitrogen rate (N,). The two
varieties differed little from each other with respect to
that indicator (Tab. I). Wielicki (1989) states that under
average farming conditions 1 unit of energy inputs
(1 MJ) should generate 4 energy units (4 MJ) of the
produce. The condition was met for the factors exam-
ined in this study.
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VLIV REGULATORU RUSTU NA VYNOS A JAKOST BULEV
CUKROVKY

THE EFFECT OF GROWTH REGULATORS ON THE YIELD
AND QUALITY OF SUGAR BEET ROOTS

J. Pulkribek’, J. Sroller’, J. Zahradniéek”

Czech University of Agriculture, Praha, Czech Republic
2Research Institute of Sugar Production, a. s., Praha, Czech Republic

ABSTRACT: Growth regulators (biologically active substances) in sugar beet are used to improve biological values of seed
and growth regulation and development of the course of vegetation with an aim to increase the yield of roots and their sugar
content. The possibilities of effect of intensive formation of new leaves in spring period or deposition of reserve substances
into root in autumn, increase of sugar content and sugar production per 1 ha were investigated. Regulation of the process of
formation of white sugar yield is very complicated. In view of hormonal regulation Kutina (1988) and Prochézka et al. (1997)
tried to characterize it briefly. Zahradnidek et al. (1996) reports that in despite of majority of other plant materials in which
cytokinins of zeatin type prevail, cytokinin N5~(delta2-isopentenyl)adenin was dominant. The degree of reaction of selected
sugar beet variety (high sugar content Edda and normal Hilma) on application of growth regulators was studied. In exact
small-plot field trials in the experimental station at Uhfingves the effect of growth regulators on amount and quality of
harvested sugar beet roots was evaluated. Applications of growth regulators Rastim 30 DKV (0.3 Lha™!, active substance
benzolinon), Atonik (0.6 Lha™', aromatic nitrocompounds) and highly effective Cytokinin R [3.107 M, N6-(meta-hydroxy-
benzyl)adenosine] (in special literature denoted as mOH.BAR) were investigated. The first spraying was applied in growth
stage 31 to 33 (6 to 14 leaves). The second one about six weeks before harvest, in the growth stage 42 to 46. Fertilization
and agrotechnics of the trial were usual. Soils of experimental station at Uhfinéves are deep, they belong to great soil group
Luvisol. Average daily air temperature is 8.3 °C, during the growing season 14.6 °C. Average yearly precipitation amounts
to 575 mm, out of this period April to September 380 mm. The results of three-year trials (Tabs I and II) confirm a positive
effect of selected growth regulators on the amount of harvested sugar beet roots. Significant increase of root yield on average
of studied years was found in autumn treatment with cytokinin, Atonik as well as Rastim 30 DKV in both the studied varieties
but it was more marked in more yielding variety Hilma. The highest increase against untreated control on average of studied
years was recorded after two treatments of the stand with Rastim 30 DKV (13.7% increase). Rastim 30 DKV acted most
significantly in the variety Hilma in different years. The effect of studied substances on sugar content was very low in all
three experimental years. Our previous opinion that application of growth regulators may rather affect amount of production
than its quality given by sugar content above all. This applies to varieties with genetically conditioned higher sugar content
(C and NC types). Increased root yield after stand treatment with investigated growth regulators reflected in the increase of
sugar production, more significantly in the variety Hilma than Edda. On average of investigated years the yield of white sugar
against untreated control increased in the variety Edda as much as by 7.1% in the variant treated with cytokinin four to six
weeks before harvest. In the other studied variants an increase varied from 1.6 to 3% on average. In the variety Hilma increase
was more marked particularly in variants with pre-harvest-autumn application (by 11 to 15%). Conclusions (Pulkrabek, 1995)
that double treatment with Atonik or Rastim 30 DKV increase root yields per 1 ha by 3 to 5% and that it does not affect
significantly the sugar content of sugar beet yield should be added by the fact that in yielding and normal varieties (e.g. Hilma)
increase of the root yield is higher than in varieties with high sugar content (e.g. Edda). It follows from the previous trials
(Zahradnicek et al., 1996) evaluating the effect of leaf application of Atonik that root losses during storage before their
technological processing are lower than in untreated control. These conclusions were also confirmed in the laboratory tests
(Kotyk et al., 1996). They manifest decreased rate of respiration after treatment of sugar beet with Atonik. In summary the
effect of leaf treatment of sugar beet with Atonik can be evaluated very positively. It increases sugar production in the field
and it decreases storage losses of sugar before its technological processing by lower respiration during storage.

Keywords: sugar beet; growth regulators; cytokinins; yield formation; sugar content; root quality

ABSTRAKT: V tiiletych piesnych maloparcelkovych pokusech na stanici v Uhfin&vsi byl u dvou odrtid cukrovky sledovan
vliv reguldtort ristu na mnoZstvi a jakost sklizenych bulev. V jednotlivych letech plisobil nejvyznamnéji na zvy$eni vynosu
bulev Rastim 30 DKV u odridy Hilma. Vliv sledovanych latek na cukernatost byl ve vech tfech pokusnych letech velmi
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maly. Aplikaci biologicky aktivnich latek lze 1épe ovlivnit mnoZstvi produkce neZ jeji kvalitu, danou pfedevsim cukernatosti.
V pruméru sledovanych let stoupl vynos bilého cukru proti neoSetfené kontrole u odridy Edda az o 7,1 % u varianty oSetfené
cytokininem &tyfi aZ Sest tydnu pfed sklizni. U ostatnich sledovanych variant se pohyboval narist v praiméru od 1,6 do 3 %.
U odrudy Hilma byl vyrazn&jsi zejména u variant s predskliziiovou — podzimni aplikaci (o 11 az 15 %). OSetfeni cukrovky
Atonikem nejen zvyS$uje produkci cukru na poli, ale i niz§im dychanim pfi skladovani sniZuje skladovaci ztraty cukru pied

jejim technologickym zpracovanim.

Kli¢ova slova: cukrovka; reguldtory ristu; cytokininy; tvorba vynosu; cukernatost; kvalita bulev
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Rada péstitelskych zasahti v technologii p&stovani cuk-
rovky vyznamné ovliviiuje produkéni schopnost rostlin
(Pacuta, Bajci, 1998) a projevuje se i ve zménach tech-
nologické jakosti bulev, obsahu chlorofylu, betainu, né-
kterych tézkych kovii apod. Soucasna rostlinna produkce
vyuziva regulatory rastu rostlin k fizeni fyziologickych
procest v pozadovaném sméru tvorby produkce. U cuk-
rovky je hlavni pozornost zaméfena na zlepSeni biolo-
gické hodnoty osiva a regulace riistu a vyvoje v prubéhu
vegetace s cilem zvySit vynos bulev a jejich cukernatost
(Lassa, Perez-Pena, 1976; Leton, Milford, 1977; Gha-
nen, 1985; Hayasaka, 1988). Cilem pokusu bylo ovliv-
nit intenzivni tvorbu novych listd v jarnim obdobi ¢i
ukladani zasobnich latek do bulvy na podzim, zvysit
cukernatost a produkei cukru z 1 ha.

V naSich podminkach byla ovéfovana fada biologic-
ky aktivnich latek s rdznym vlivem na vynos a jakost
bulev sklizené cukrovky (Kutina, 1988; Giba et al., 1992;
Pulkrabek et al., 1993, 1996; Svachula et al., 1996 a dal-
§i). V posledni dobé napf. Zahradnicek et al. (1993,
1996) ovéfovali Glinky bioreguldtoru 6-benzylamino-
purinu (BAP), Rastimu 30 DKV a dal$ich latek na vy-
nosové a technologické ukazatele cukrovky. Uplatné-
nim Rastimu 30 DKV v zemédélské vyrobé se zabyvala
Henselova (1989), jeho vyuziti v podminkach Vycho-
doslovenské niziny hodnotil Rimar (1992).

Regulace procesu tvorby vynosu bilého cukru je vel-
mi sloZitd. Z hlediska hormonalniho se ji pokusili strucné
charakterizovat Kutina (1988) a Prochdzka et al. (1997).
Zahradnicek et al. (1996) uvadéji, Ze na rozdil od vét-
Siny jinych rostlinnych materiald, ve kterych prevazuji
cytokininy zeatinového typu, byl v listech cukrovky zjis-
tén hlavné cytokinin N(’-(deltaz-isopemcnyl)adenin. Ko-
tyk et al. (1996) sledovali vliv Cytokininu R na endo-
genni respiraci Casti bulvy a prokazali, Ze cytokinin
sniZuje dychdni, coZ znamena, Ze sniZuje ibytky cukru
v bulvé jak ve vegetaci, tak zfejmé pfi nasledném skla-
dovéni.

Pokusili jsme se prispét k vysvétleni vlivu nékterych
reguldtort ristu na mnoZstvi a ukazatele technologické
jakosti sklizenych bulev u dvou odrid cukrovky. Cilem
predloZené prace bylo zjistit, do jaké miry reaguje sle-
dovana cukernata a normalni odrada cukrovky na apli-
kaci biologicky aktivnich latek (rastovych reguldtori)
zménou (zlepSenim) technologické jakosti a zda tato zme-
na mé néjakou souvislost s vynosem a produkci bilého
cukru.

380

MATERIAL A METODA

V presnych maloparcelkovych pokusech byl na po-
kusné stanici v Uhfinévsi hodnocen vliv regulatort ristu
na mnozstvi a jakost sklizenych bulev cukrovky. Sledo-
vany byly aplikace rastovych regulator Rastim 30 DKV
0,3 Lha™!, G&nna latka benzolinon), Atonik (0,6 l.ha_l,
aromatické nitroslouceniny) a vysoce ucinny Cytokinin
R [3.10'6 M, NG-(meta-hydroxybenzyl)adenosin] (v od-
borné literatufe oznacovan jako mOH.BAR). Osetieni
reguldtory ristu v prib&hu vegetace prob&hlo rué¢nim
postiikovacem v davce cca 200 aZ 400 | vody na 1 ha.
Prvni postfik byl realizovan v rustové fazi 31 az
33 BBCH (Cerven, jarni aplikace tésné pied zapojenim
porostu, 6 aZ 14 list). Druhy asi $est tydnt pied sklizni
(konec srpna, podzimni ¢i piedskliziiova), v rustové fa-
zi 42 az 46 BBCH. Do pokust byla zafazena cukernaté
odriida Edda (od firmy KWS) a normalni odrida Hilma
(od firmy Hillesh6g). Hnojeni a agrotechnika pokusu
probéhly podle béZné metodiky. V prepoctu bylo hno-
jeno 80 kg N, 40 kg P a 90 kg K v €. Z. na 1 ha. Porosty
byly zakladény vysevem na vzdalenost 3 aZ 6 cm a ruc-
né jednoceny. Jednotlivé varianty byly &tyfikréat opako-
vény, skliziiova plocha jedné parcely byla 15 m“. Po-
kusy byly ru¢né sklizeny a stanoveny hmotnosti bulev
a chrastu. Technologicka jakost sklizenych bulev cuk-
rovky byla hodnocena ze vzorku 20 az 25 bulev ve
VUC Praha, a. s.

Pudy pokusné stanice v Uhfinévsi jsou hluboké, pat-
i k pudnimu typu hnédozem. Primérna denni teplota
vzduchu je 8,3 °C, ve vegeta¢nim obdobi 14,6 °C. Pru-
mérné ro¢ni srazky ¢ini 575 mm, z toho v obdobi duben
aZ zari 380 mm.

Zjisténé hodnoty byly statisticky vyhodnoceny. Li-
nearni regrese a analyza rozptylu jednotlivych pokusi
byla vypoctena za pouziti tabulkového programu
Microsoft Excel a Quattro-Pro.

Vegetacni obdobi 1994 bylo poznamenano srazkové
silné podnormélnim éervnem s nadnormalnimi teplota-
mi. I v ¢ervenci byly srazky podnormalni a teploty nad-
normdlni. Srpen byl srazkové i teplotné nadnormaélni,
coz mélo za nasledek silnou retrovegetaci fepnych rostlin
v druhé poloviné vegeta¢niho obdobi. Vynosové ukaza-
tele byly nizké. Rok 1995 byl na zadatku vegetace pro
cukrovku nepfiznivy (opozdéné seti, ptivalové desté pfi
vzchazeni a sucho koncem Cervna a zaCatkem Cerven-
ce). Druhd polovina vegetace umoznila rostlinim cuk-
rovky vytvofit mohutny listovy aparat a nasledné uspo-
kojivy vynos bulev i s niz§i cukernatosti. Rok 1996 byl
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8 L. Vliv reguldtori ristu na technologickou jakost cukrovky odridy Hilma (kontrola v absolutnich hodnotach a ostatni varianty vyjadieny v procentech kontroly) — The effect of growth regulators on the technological
E quality of the sugar beet variety Hilma (control in absolute values and the other variants expressed in percentage of the control)
% o— Rok2 C:!;?é ;/ uy|:3§ Pm:?u‘l::ﬁsm Cukernatost®| Alfaamino-N | Koncentrace” K | Koncentrace Na |Vyrobnost® Vynos g: Il(:ungza Cifho vY:ﬁ;Izi,loého J;;;‘:::ﬁ
< tha™! tha™! % mmol.100 g! | mmol.100 g! | mmol.100 g % tha™! tha™! %
éi 1994 32,89 55,22 0,60 16,13 2,50 4,95 1,18 83,7 891 7,46 13,5
_gg 1. '1‘83‘22“” 1995 26,19 46,10 0,57 14,20 2,26 5,64 1,06 80,3 6,54 5,24 11,40
& 1996 45,45 57,94 0,78 16,57 1,67 4,13 1,41 85,8 9,60 8,24 14,22
3 x 34,85 53,09 0,65 15,63 2,14 491 1,21 83,28 8,35 6,98 13,04
§ 1994 110,6 104,3 96,4 101,1 104,3 108,2 100,4 99,1 105,5 104,7 100,2
% 2 (;ytohinin R | 1995 112,0 101,7 110,1 101,6 110,6 959 82,1 101,4 103,7 105,5 103,1
3 Garo™) 1996 | 994 | 1020 974 101,0 93,0 944 87,9 101,2 103,1 104,4 1022
- x 102,9 102,7 100,8 101,2 103,6 99,6 90,3 100,6 104,1 104,8 101,8
- 1994 94.9 104,5 90,8 101,8 92,7 101,1 79.8 100,9 106,5 107,5 102,8
3. Cylok.ini& R 1995 115,7 112,2 95,4 101,4 94,8 90,1 87,1 102,5 123,1 126,4 103,9
(podzim™) | 1996 | 1012 | 103,0 98,2 101,4 1216 101,6 96,0 100,0 104,5 104,5 101,4
x 102,8 108,8 95,1 101,6 100,9 97,0 88,2 101,1 110,1 111,0 102,6
1994 93,5 102,4 91,3 103,9 82,6 97,6 78,3 101,9 106,2 108,2 105,9
4. 8):)0kinin R 1995 110,3 111,6 98,9 101,6 94,7 90,6 120,8 1014 113,5 1153 103,1
1996 98,9 108,0 90,7 100,2 107,2 116,6 96,7 98,4 109,2 107,6 98,6
X 100,1 107,5 93,3 101,9 93,2 100,2 97,8 100,6 109,3 109,7 102,4
1994 91,8 101,5 90,4 103,8 81,6 971 76,6 102,0 105,2 107,3 105,9
5. Atonik 1995 111,6 122,9 90,8 104,5 1264 90,7 94,7 102,3 128,8 132,1 106,8
@x) 1996 | 1000 | 109.6 91,2 102,6 85.8 107,1 98,3 99,9 12,5 12,5 102,6
X 100,3 110,6 90,9 103,6 98,4 97.4 90,3 101,4 114,2 115,5 105,0
1994 93,9 106,6 88,1 100,8 97,6 110,7 87,7 99,2 107,4 106,5 100,0
6 53123"(12?3 1995 1157 125,3 92,4 102,6 105,3 92,4 94,7 101,9 128,6 131,3 104,6
1996 103,6 111,3 93,0 100,0 92,8 106,5 110,0 99,1 111,4 110,4 99,1
x 103,6 113,7 91,3 101,0 99,1 102,5 98,3 100,1 114,4 114,2 101,0
:;'axia.mt, 2yca:l.1 3peet tops yield, 4root yield, Sratio of beet tops and roots, ﬁsugar content, "concentration, sproduc(ivity. 9yica_ld of polarization sugar, myield of white sugar, "theoretical percentage, Zcontrol,
spring, = autumn
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II. Vliv regulétori ristu na technologickou jakost cukrovky odridy Edda (kontrola v absolutnich hodnotich a ostatni varianty vyjadfeny v procentech kontroly) — The effect of growth regulators on the technological
quality of the sugar beet variety Edda (control in absolute values and the other variants expressed in percentage of the control)

Varianta! Rok? C:g::::; l;/uy‘l:gj Pm:irucl::‘xl'séslu Cukernatost®| Alfaamino-N | Koncentrace’ K | Koncentrace Na |Vyrobnost® Yinos g:ll(ar:':gza cnilig V)?:zls(rzllloého ‘Ectgl;‘t;?:lél
t.ha™! tha™! % mmol.100 g™' | mmol.100 g™! | mmol.100 g™! % tha™! tha™! %
1994 36,14 58,22 0,62 17,14 2,20 4,86 0,88 85,6 9,98 8,54 14,7
L llcggn;lalz 1995 28,79 46,89 0,61 14,40 2,02 4,89 0,95 82,8 6,75 5,58 11,92
1996 34,55 57,68 0,60 16,90 0,95 3,64 1,01 88,3 9,74 8,60 14,92
x 33,16 54,26 0,61 16,15 1,72 4,46 0,95 85,56 8,82 7,57 13,84
1994 93,9 102,9 91,3 99,4 118,8 111,7 118,2 97,9 102,4 100,3 97,4
2. (?ytollciinin R [ 1995 88,9 104,2 85,2 101,4 105,8 102,0 101,1 99,9 105,9 105,8 101,3
(Garo™) 1996 | 102,1 101,7 100,4 100,4 1126 100,9 99,0 99,9 102,1 102,0 100,3
x 95,3 102,8 92,3 100,3 112,5 105,2 105,6 99,2 103,2 102,3 99,5
1994 97,1 108,1 89,8 99,0 97,6 107,2 123,1 98,6 107,0 105,5 97,6
3 Cymk.iniﬁ R | 1995 94,2 111,5 84,5 101,2 111,9 91,9 117,2 100,7 112,8 113,7 101,9
(Podzim™) | 1996 | 1041 | 1046 99,5 100,4 74,7 109,83 106,6 99,2 1051 104,3 99,6
x 98,7 107,9 91,2 100,1 99,0 102,3 115,2 99,5 107,8 107,1 99,6
1994 91,2 102,6 88,9 99,1 109,7 106,6 138,2 98,2 101,5 99,8 97.3
4. f.g(t)okinin R | 1995 91,5 105,4 86,9 104,2 129,5 93,2 109,1 101,1 109,7 110,9 105,3
1996 96,9 101,2 95,7 100,2 87,4 109,9 101,0 99,3 101,4 100,6 99,4
x 93,3 102,9 90,4 101,0 113,3 102,6 115,2 99,5 103,6 102,8 100,3
1994 91,8 100,6 91,2 99,9 96,3 102,3 113,1 99,5 100,5 100,1 99,4
5. Z\Zt;))nik 1995 101,8 100,0 101,8 101,2 123,6 95,2 118,2 100,0 101,3 101,4 101,2
1996 97,3 106,5 91,3 101,0 74,7 110,8 102,3 99,3 107,7 107,0 100,3
x 96,6 102,5 94,8 100,7 103,0 102,0 111,0 99,6 103,4 103,0 100,3
1994 98,5 105,1 98,7 99,0 106,1 101,5 116,0 99,2 104,1 103,5 98,3
6. g;z{ll"(‘zi(; 1995 99,9 100,4 99,5 98,4 164,6 91,3 125,3 99,2 98,8 98,0 97,5
1996 104,8 104,4 100,4 97,8 74,7 96,3 114,1 99,8 102,1 102,0 97,7
x 101,1 103,5 97,8 98,4 123,2 96,4 118,4 99,4 102,0 101,6 97,9

For 1-14 see Tab. |




srazkové a teplotné vyrovnany a vynosové velmi priz-
nivy. Cukrovka s ohledem na dostatek vlahy v prib&hu
celé vegetace vytvofila vysoké mnozstvi cukru. S ohle-
dem na niz§i teploty v obdobi sklizné bylo i jeho pro-
dychéni niZsi.

VYSLEDKY A DISKUSE

Vysledky tfiletych pokust (tab. I a II) potvrzuji po-
zitivni vliv vybranych reguldtori ristu na mnoZstvi
sklizenych bulev cukrovky. Navazuji na néktera sledo-
vani (Pulkrabek, 1995), zejména pokud jde o vliv Ras-
timu 30 DKV a Atoniku na mnoZstvi a jakost sklizené
cukrovky, a roz$ifuji je o podrobnéjsi sledovéni vlivu
Cytokininu R na vybrané odridy. U odridy Edda ové-
fované latky neovlivnily ve vétSin€ let vynos chrastu.
U odridy Hilma bylo zvy$eni vynosu chrastu po oSet-
feni regulatory ristu proti neoSetiené kontrole statistic-
ky vyznamné. V pruméru let bylo nejvyraznéjsi po

oSetfeni Rastimem 30 DKV. Prikazné zvySeni vynosu
bulev v priméru sledovanych let bylo zji§téno po pod-
zimnim oSetieni cytokininem, Atonikem i Rastimem 30
DKV u obou odrid, ale vyraznéjsi bylo u vynosnéjsi
odridy Hilma. Nejvyssi proti neoSetiené kontrole v pri-
méru sledovanych let bylo po dvojim oSetfeni porostu
Rastimem 30 DKV (o 13,7 %). V jednotlivych letech
pusobil nejvyznamnéji Rastim 30 DKV u odriady Hilma
(v kazdém roce vyrazné pozitivni zvySeni vynosu bu-
lev). Obdobné pozitivni zvySeni (kaZdoroéni, ale ne
vzdy statisticky vyznamné) mélo i dvoji oSetieni Cyto-
kininem R u odridy Hilma. Pfi hodnoceni vysledka do-
sazenych u odriidy Edda se projevovaly kazdoro¢ni vy-
kyvy. Nejpfiznivéji pusobilo podzimni oSetfeni
Cytokininem R. Pfi celkovém statistickém hodnoceni
pokust byly dosahované G¢inky regulatora rustu vetsi-
nou statisticky vyznamné. VE(si variabilita a mensi statis-
tickd prikaznost uéinku reguldtorti ristu byla zazname-
nana pfi dil¢ich hodnocenich pokusti (v rdmci odridy
a ro¢niku).

mmol100 g 1. Vliv regulatord ristu na obsah alfa-
25 aminodusiku — The effect of growth
regulators on the content of alpha ami-
nonitrogen
2l ] .
Vysvétlivky k obr. 1 aZ 5 — Explanations
to Figs | to 5:
1 = kontrola — control
151 = 2 = Cytokinin R (jaro — spring)
3 = Cytokinin R (podzim — autumn)
4 = Cytokinin R (2x)
11— 5 = Atonik (2x)
6 = Rastim 30 DKV (2x)
05 +—
0
1 2 3 4 5 8
mmol.100 g**

A

.
A
.
.
.
.
-
|

%

0 4B Z

[ Hilma (Na) mEdda (Na) @ Edda (K) mHima (k)
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2. Vliv reguldtori ristu na obsah sodiku
a drasliku v bulvich — The effect of
growth regulators on the content of so-
dium and potassium in roots
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3. Vliv reguldtor rastu na teoretickou

vytéznost cukru - The effect of
growth regulators on theoretical
sugar percentage

138
— —

136
134 —
|
13,2 -
13 4 —
12,8 4 —
126 - 1

1 2 3 4 5 6
@ Hilma O Edda

Vliv sledovanych latek na cukernatost byl ve vSech
tiech pokusnych letech velmi maly. Prikazné zvySeni
bylo zaznamendno pouze u varianty oSetfené dvakrit
Atonikem u odrady Hilma (o 3,6 % proti neosetiené
kontrole). V pokusech byl potvrzen nas drivéjsi zavér,
ze aplikaci reguldtort rastu lze vice ovlivnit mnoZstvi
produkce neZ jeji kvalitu, danou predevsim cukernatos-
ti. To plati zejména pro odridy s geneticky podminé-
nou vyssi cukernatosti (C a NC typy). Pulkrabek (1995)
uvadi, Ze jediné odrida Elnoh v piedskliziiové aplikaci
zvysila cukernatost sklizenych bulev.

U odridy Hilma doslo v priméru sledovanych let po
dvojim oSetfeni Cytokininem R, Atonikem a Rastimem
30 DKV k nepatrnému sniZeni obsahu alfaaminodusiku
(obr. 1). V nékterych letech byl pokles jeho obsahu i sta-
tisticky vyznamny. Naopak u cukernaté odridy Edda
doslo Castéji k jeho zvySeni (vyjma roku 1996). V pri-
meéru let i u fady variant do§lo k nepritkaznému poklesu
koncentrace sodiku ve sklizenych bulvach odrady Hil-
ma. Odriuda Edda reagovala na oSetfeni regulatory ristu

Edda 1995
Edda 1994

Hilma

Hilma 1996

Hilma 1995

O01@02mM3N4B8586
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Edda 1996

zvySenim koncentrace melasotvornych latek v fepné bul-
vé (obr. 2). Po oSetfeni u vétSiny variant vzrostla pre-
devsim koncentrace sodiku v bulvéch sklizené fepy. Tyto
statisticky vyznamné zmény v technologické jakosti se
nepfiznivé promitly do teoretické vytéZnosti cukru
(obr. 3) u odridy Edda, kterd poklesla nebo byla na
drovni kontroly. U odridy Hilma byla vyraznéji zvyse-
na po oSetfeni Atonikem (0 5 %). U ostatnich variant
byla mirné nad drovni neoSetfené kontroly.

ZvySeni vynosu bulev po oSetfeni porostu ristovymi
reguldtory se promitlo do vzestupu produkce cukru
(obr. 4 a 5), vyraznéji u odridy Hilma neZ Edda. V jed-
notlivych letech byl pozitivni vliv velmi rozdilny. Nej-
vys§i byl v roce 1995 u odrady Hilma po dvojim oSet-
feni Atonikem a Rastimem 30 DKV. U téchto variant
byl zji$tén nejen pozitivni vliv na vynos bulev, ale i na
cukernatost a dal$i ukazatele jakosti bulev. V priméru
sledovanych let u odridy Edda stoupl vynos bilého
cukru proti neoetfené kontrole aZ o 7,1 % u varianty
oSetfené cytokininem Ctyfi aZ Sest tydnia pred sklizni.

4. Vliv regulatora rustu na vynos bilého cukru v jed-
notlivych letech pokusu — The effect of growth regu-
lators on the yield of white sugar in different years
of the trial
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5. Vliv reguldtord ristu na vynos

bilého cukru — The effect of growth
regulators on the yield of white

sugar

78

74

72

68

66

1 2 3 4

EHilma OEdda

U ostatnich sledovanych variant se zvy$eni v priméru
pohybovalo od 1,6 do 3 %. U odridy Hilma bylo vy-
razné€jsi zejména u variant s predskliziiovou, podzimni
aplikaci (o 11 az 15 %).

Zavéry (z let 1986 az 1989), Ze dvoji oSetfeni Ato-
nikem ¢i Rastimem 30 DKV zvySuje vynosy bulev
z 1 ha rdmcové 0 3 aZ 5 % a vyrazné neovliviiuje cu-
kernatost cukrovky, je tfeba doplnit, Ze u vynosovych
a normélnich odrid (Hilma) je zvySeni vynosu bulev
vy$8i neZ u odrid cukernatych (napf. Edda). U vynoso-
vych odriid miZe aplikace Atoniku nepriikazné zvysit
i cukernatost. Z dfivéjsich pokust (Zahradnigek et al.,
1996), hodnoticich vliv listové aplikace Atoniku, vy-
plyva, Ze ztraty bulev pii skladovani pred jejich zpra-
covanim jsou niZ§i neZ u neoSetfené kontroly. Tyto z4-
véry byly také vysvétleny a potvrzeny laboratorné
(Kotyk et al., 1996). Bylo zji§té€no sniZeni rychlosti dy-
chéni po oSetfeni fepy Atonikem. Aplikace Atoniku da-
le sniZila adaxialni a abaxialni stomatéarni vodivost lis-
th. Souborné je moZné hodnotit vliv listového oSetfeni
cukrovky Atoniku velmi pozitivné. Zvy3$uje produkci
cukru na poli a niZz§im dychéanim prfi skladovani sniZuje
skladovaci ztraty cukru pfed jejim zpracovinim.

V obdobnych pokusech (stejné varianty, odrida Ed-
da) na lokalité v Cerveném Ujezd& jsme zjistili (Catsky
et al., 1996) vyssi hodnoty rychlosti fotosyntézy a fo-
torespirace bezprostiedné po druhém postiiku Cytoki-
ninem R. Také po aplikaci Atoniku byla zji§t€na ten-
dence k vys3i rychlosti fotosyntézy.

Regeno v rdamci GA CR 501/94/0413 a NAZV 6348.
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USTREDNI ZEMEDELSKA A LESNICKA KNIHOVNA,
PRAHA 2, SLEZSKA 7

Ustiedni zemédélska a lesnickd knihovna v Praze (déle jen UZLK), kterd je jednou z nejvétSich zemé&dglskych
knihoven na svété, byla zaloZena v roce 1926. JiZ od polatku Slo o knihovnu vefejnou. Knihovna v soucasné dobé
obsahuje vice nez jeden milion svazkd knih, cestovnich zprdv, dizertaci, literatury FAO, svazanych ro¢nika ¢asopist
z oblasti zemé&dé&lstvi, lesnictvi, veterinarni mediciny, ekologie a dal3ich oborli. Knihovna odebira 750 tituli domacich
a zahrani¢nich Casopisti. Informaéni prameny ziskané do fondu jsou v UZLK zpracovévany do systému katalogd — je
budovin jmenny katalog a pfedmétovy katalog jako zdkladni katalogy knihovny a dile rizné specidlni katalogy
a kartotéky. Po&atkem roku 1994 pfistoupila UZLK k automatizovanému zpracovani knihovniho fondu v systému
CDS/ISIS.

Pro informaci uZivateld o novych informa&nich pramenech ve fondech UZLK zpracovava a vydava knihovna
nasledujici publikace: Ptehled novinek ve fondu UZLK, Seznam asopisti objednanych UZLK, Ptehled redersi a te-
matickych bibliografii z oboru zemé&dé€lstvi, lesnictvi a potravinéistvi, AGROFIRM - zpravodaj o prirastcich firemni
literatury (je distribuovén na disketidch), AGROVIDEO - katalog videokazet UZLK.

V oblasti mezindrodni vymény publikaci knihovna spolupracuje s 800 partnery ze 45 zemi svéta. Knihovna je
¢lenem TAALD — mezindrodni asociace zemé&délskych knihovnikd. Od z4ii 1991 je élenem mezindrodni sité zemédél-
skych knihoven AGLINET a od 1. 1. 1994 je depozitni knihovnou materiali FAO pro Ceskou republiku.

Knihovna poskytuje svym uZivatelim nasledujici sluzby:

Vypijéni sluzby

Vypijéni sluzby jsou poskytovdny viem uZivatelim po zaplaceni ro&niho registraéniho poplatku. MimopraZsti
uzivatelé mohou vyuZzit moZnosti meziknihovni vypujéni sluzby. Vzacné publikace a asopisy se vSak pujéuji pouze
prezen&né.
Reprografické sluzby

Knihovna zabezpecuje pro své uZivatele zhotovovani kopii obsahii ¢asopisii a nasledné kopie vybranych ¢lanku.
Na pockani jsou zhotovovany kopie na pfani uZivatell. Pro prazské a mimopraZské uZivatele jsou zabezpelovany tzv.
individualni reprosluzby.

Sluzby z automatizovaného systému firemni literatury

Jsou poskytovany z databéze firemni literatury, kterd obsahuje témér 13 000 zdznama 1 700 firem.

Referenéni sluzby

Knihovna poskytuje referencni sluzby z vlastnich databdzi kniZnich novinek, odebiranych Casopisu, resersi a te-
matickych bibliografii, védeckotechnickych akci, firemni literatury, videotéky, déle z databazi prevzatych — Celostatni
evidence zahrani¢nich Casopisu, bibliografickych databazi CAB a Current Contents. Cilem je podat informace nejen
o informa&nich pramenech ve fondech UZLK, ale i jiné informace zajimajici zemédélskou vefejnost.

Piijéovani videokazet

V AGROVIDEU UZLK jsou k dispozici videokazety s tematikou zem&dglstvi, ochrany Zivotniho prostiedi a pi-
buznych obort. Videokazety zasili AGROVIDEO mimoprazskym zdjemcim postou.

UZivatelim knihovny slouZi dvé studovny — vieobecnd studovna a studovna Casopist. Obé studovny jsou vybaveny
pfiru¢kovou literaturou. Ctenafi zde maji volny pfistup k novinkam pfirastki knihovniho fondu UZLK.

Adresa knihovny:

Ustiedni zemédélska a lesnickd knihovna
Slezskéd 7
120 56 Praha 2

Vypijéni doba:

pondéli, dtery, étvrtek 9.00-16.30
stfeda 9.00-18.00
pétek 9.00-13.00
Telefonické informace:
vedouci: 24 25 50 74, e-mail: IHOCH @uzpi.agrec.cz
referenéni sluzby: 24 25 79 39/linka 520
Casopisy: 24 25 66 10
vypijéni 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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poskytuje automatizovany systém

Current Contents

na disketach

Ustiedni zemé&d&lskd a lesnickd knihovna odebird &asopis ,,Current Contents® fadu
»Agriculture, Biology and Environmental Sciences” a rfadu ,Life Sciences“ na disketach.
Rada ,Agriculture, Biology and Environmental Sciences* je od roku 1994 k dispozici i s abstrakty.
Obé tyto rady vychazeji 52krat roéné a zahrnuji vSechny wyznamné Casopisy a pokracovaci
sborniky z uvedenych obor(.

Ulozeni informaci z Current Contents na disketdch umozfiuje nejrozmanitéjsi referenéni
sluzby z prakticky nejéerstvéjsich literdrnich pramend, nebot baze dat je dopliiovéana kazdy
tyden a neprodlené expedovdna odbératelim. V systému si Ize nejen prohlizet jednotliva
¢isla Current Contents, ale po presném nadefinovani sledovaného profilu je mozné adresné
vyhleddvat informace, tisknout je nebo kopirevat na disketu s moznosti dalSiho zpracovani
na vlastnim pocitaci. Systém umozriuje i tisk Zddanek o separdt apod. Kumulované vyhleda-
vani v Sesti Cislech Current Contents najednou velice urychluje reser$ni préci.

Pfistup k informacim Current Contents je umoznén dvojim zplsobem:
1) Zakazkovy pfistup — po vypInéni pfislusného zakazkového listu (objednavky) je vhodny
predevsim pro mimoprazské zajemce.
Finanéni podminky: — pouziti PC — 15 K¢ za kazdou zapocatou pulhodinu
— odborna obsluha — 10 K¢ za 10 minut prace
— vytisténi reSerSe — 1,50 K& za 1 stranu A4
— zadanky o separat — 1 K¢ za 1 kus
— postovné + rezijni poplatek 15 %
2) ,Self-service* — samoobsluzné prace na osobnim posgitaéi v UZLK.
Finanni podminky jsou obdobné. Vzhledem k tomu, Ze si uZivatel zpracovava resersi
sam, je to maximainé usporné. (Do kalkulace cen nezapocitdvame cenu programu a da-
tabaze Current Contents.)

V pfipadé 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

Na této adrese obdrzite bliz$i informace a ziskdte formuléfe pro objednavku zakézkové
sluzby. V pfipadé ,self-servisu" je vhodné se prfedem telefonicky objednat. V pfipadé z&jmu -
je mozné si objednat i priibéZzné sledovani profilu (cena se podle sloZitosti zaddni pohybuje
Gtvrtletné kolem 100 az 150 K&).




POKYNY PRO AUTORY

Casopis uvefejituje puivodni védecké préce, kratkd sd&leni
a vyb&rové i piehledné referdty, tzn. prace, jejichz podkladem
je studium literatury a které shrnuji nejnovéjsi poznatky v da-
né oblasti. Price jsou uveiejiiovany v ¢edting, slovenstiné nebo
angli¢tiné. Rukopisy musi byt dopln€ny kratkym a rozsifenym
souhrnem (vcetné klicovych slov).

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

O uvefejnéni prace rozhoduje redak¢ni rada Casopisu, a to
se zietelem k lektorskym posudkim, védeckému vyznamu
a pifnosu a kvalité prace.

Rozsah védeckych praci nesmi piesahnout 12 strojopisnych
stran véetné tabulek, obrizki a grafi. V préci je nutné pouZi-
vat jednotky odpovidajici soustavé mérovych jednotek SI
(CSN 01 1300).

Vlastni iprava rukopisu: format A4, 30 fadek na stranku,
60 thozi na fadku, mezi fadky dvojité mezery. K rukopisu je
tieba priloZit disketu s praci pofizenou na PC a s grafickou
dokumentaci. Tabulky, grafy a fotografie se dodavaji zvIast,
nepodlepuji se. Na vSechny piilohy musi byt odkazy v textu.

Pokud autor pouZivad v praci zkratek jakéhokoliv druhu, je
nutné, aby byly alespoii jednou vysvétleny (vypsany), aby se
predeslo omylim. V nazvu prace a v souhrnu je vhodné zkra-
tek nepouzivat.

Nazev prace (titul) nema pfesahnout 85 hozu. Jsou vylou-
¢eny podtitulky ¢lanku.

Kratky souhrn (Abstrakt) je informa¢nim vybérem obsa-
hu a zavéru €lanku, nikoliv viak jeho pouhym popisem. Musi
vyjadfit vSechno podstatné, co je obsaZeno ve védecké praci,
a ma obsahovat zakladni Ciselné udaje véetné statistickych
hodnot. Musi obsahovat kli¢ova slova. Nemad piekroit rozsah
170 slov. Je tieba, aby byl napsédn celymi vétami, nikoliv hes-
lovité. Je uvefejiiovan a mél by byt doddn ve stejném jazyce
jako védecka prace.

Rozsifeny souhrn (Abstract) je uvefejiiovan v angliéting,
mély by v ném byt v rozsahu cca 1-2 strojopisnych stran ko-
mentovany vysledky prace a uvedeny odkazy na tabulky a ob-
razky, popf. na nejdileZitéjsi literdrni citace. Je vhodné jej
(vCetné nazvu prace a klicovych slov) dodat v angli¢ting, popf.
v &estiné ¢i slovensting jako podklad pro preklad do anglictiny.

Uvod ma obsahovat hlavni diivody, pro& byla préce realizové-
na, a velmi stru¢nou formou ma byt popsén stav studované otazky.

Literarni piehled ma byt kritky, je tfeba uvadét pouze
citace majici izky vztah k problému.

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

Vysledky — pfi jejich popisu se k vyjadieni kvantitativnich
hodnot dava prednost grafum pfed tabulkami. V tabulkach je
tfeba shrnout statistické hodnoceni naméfenych hodnot. Tato
Cast by neméla obsahovat teoretické zavéry ani dedukce, ale
pouze faktické nélezy.

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

Literatura by méla sestdvat hlavn& z lektorovanych perio-
dik. Citace se fadi abecedné podle jména prvnich autora. Od-
kazy na literaturu v textu uvadgji jméno autora a rok vydani.
Do seznamu se zafadi jen prace citované v textu. Na prace
v seznamu literatury musi byt odkaz v textu.

Na zvlastnim listé uvéadi autor pIné jméno (i spoluautort),
akademické, védecké a pedagogické tituly a podrobnou adresu
pracovi§té s PSC, &islo telefonu a faxu, popf. e-mail.

Rukopis nebude redakei p¥ijat k evidenci, nebude-li po
formalni strance odpovidat pokyniim pro autory.

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 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 12 typescript pages, in-
cluding tables, figures and graphs.

Manuscript layout: quarto, 30 lines per page, 60 strokes
per line, double-spaced typescript. A PC diskette should be
provided with the paper and graphical documentation. Tables,
figures and photos shall be enclosed separately. The text must
contain references to all these annexes.

If any abbreviation is used in the paper, it is necessary to
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 title of the paper shall not exceed 85 strokes. Subtitles
of the papers are not allowed either.

Abstract is an information selection of the subject and con-
clusions 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 basic nume-
rical 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 to 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 prob-
lem.

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 statis-
tical analysis of recorded values should be summarized in tables.
This section should not contain either theoretical conclusions or
deductions, but only factual data should be presented 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 section References should preferably contain reviewed
periodicals. 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 publi-
cation. 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.

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, telephone and fax
number or e-mail.

The manuscript will not be accepted to be filed by the
editorial office if its formal layout does not comply with the
instructions for authors.
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