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Zarnovi¢an H.: Ekologické parametre dubovych a dubovohrabovych lesov v Ludeneckej kotline.

\{‘ro‘koch ]?99—2QUI sme na vybratych lokalitach Ludenskej kotliny opisali a fytocenologicky spracovali as

cidcie A.c’er.r la{anci-Quercetum Zolyomi 1957, Querco petraeae-Carpinetum Sod ct Pocs (F1J931) 1957k (')-
Sﬁba.soczac:aml Querco petracae-Carpinetum caricetosum pilosae a poetusum nemoralis a asociiciu G«:'n.!'sbtD
pl!osae-Querc.’et.wn petracac Z6lyomictal. inZolyomictJakucs 1957. Definované lesné spoloé tv[’)
sme pqd‘opArcll aj ;‘}Cfiolagick)'frn vyskumom. V prispevku uvadzame vysledky ckologickej analyzy klior;i cur:a 'a
p'rcsncﬁ‘zc informacie o narokoch opisanych spologensticv na ckologické faktory prostredia: svctlo' te loti ki -
tinentalitu, vlhkost, pédnu reakciu a pédny dusik. [ch konkrétny pricbeh vidiet' na obr. 1--6. ]
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Abstract

Kovacevic V., Antunovic M., Bukvic G., Rastija M., Kadar 1.: Soil and genotype influences on
heavy metals status in maize. Ekologia {Bratislava), Vol. 23, No. 1, 65-70, 2004.

Ten maize hybrids were grown under ficlds conditions on two soils type: Calcaric Fluvisols (cal'L)
and Stagnic Albe Luvisol (stAB), during two growing scasons in four replicates. Both soils are
situated of Drava valley and they are mutually distanced about 2 kn. Cd, Pb, Crand Ni concen

{rations in car-leaves (beginning of silking) and soil were measured by ICP-AES technique after
their microwave digestion using concentrated HNO,+H,0,. Maize yields on stAB were aboul
25% lower in comparison with caFL. Also, there were found differences among the hybrids. In
general, we found low concentrations of heavy metals in maize with significant differences amony,
the hybrids as follows (mg. kg in dry matter): from 0.112 to 0.224 (Cd), from 0.73 to 1.04 (I'b)
and from 0.303 to 0.391 (Pb), while Ni values were similar (mean 1.58). These values arc very
low with aspects of harmful influences on environment. For this reason, production of healthy
food is possible in Croatia. By growing of genotypc characterizing lower uptake of heavy melals,
especially under contaminated conditions, is possible to alleviate environmental problem.

Key words: soil type, maize hybrids, cadmium, chrom, lead, nickel

Introduction

Contamination of soil with heavy metals is result human, industrial and agricultural activi-
ties. The accumulation, mobility and availability of heavy metals in the soil depend on s0il
factors such as acidity, humus content, clay mineral content, and their binding capacity
(Szabo, 1995). Source of soil contamination is in close connection with metal fractions
content in soil: exchangeable or organic (Boruvka et al., 1997). Tillage systems can affect
on concentration and distribution heavy metals in plants (Lavado et al., 2001). Uptake
heavy metals depend also on pH value, soil moisture and plant species (Bujnovsky, 2001).
In general, there are inadequate information concerning heavy metals status on ficlds in
Croatia.
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Aim of our study is testing levels and differences of yield and heavy metal status among
maize hybrids on two soil types.

Material and methods

The field experiments, sampling and analysis

Ten maize hybrids were grown on two soil types (FAO, 1998): Calcaric Fluvisols (caFL) and Stagnic Albe
Luvisol (stAB), of Drava Valley in Slatina arca during two growing scasons (1998 and 1999). The ficld trials
were sown by pneumatic sowing machine in four replicates (exp. plot 14m?). Planned plant density (PPD)
depends on the hybrids and it was 71428, 63493 or 58310 sced/ha (seed distance in row: 20,0, 22.5, or 24.5 cm:
inter-row spacing 70 ¢m). Maize was harvested manually in the first decade of October. Grain yiclds were
calculated on 14% moisture and 90% realization of PPD basis.

The car-leaf at beginning of silking stage (the sccond decade of July) were taken for chemical analysis (about
25 leaves in the mean sample) from each plot (Bergmann, 1992). Mcan soil sample was taken by auger to 30 cm
of depth from cach experimental plots in autumn 1997. Cd, Pb, Cr and Ni in maize leaves and soil samples was
measured by ICP-AES technique after their microwave digestion using concentrated HNO +H,0,. Mobile frac-
tion of these elements in soils extracted by ammonium acctate-EDTA (pH 4.65) solution (Lakanen, Ervio, 1971).
Plant and soil analysis were made in the laboratory of Rescarch Institute for Soil Science and Agricultural
Chemistry (RISSAC), Budapest.

The results were processed by contemporary statistical methods (ANOVA and multiple corrclation) using
computer program described by Vukadinovic (1985).

Characteristics of the experimental fields

Choice two typical soils of the Slatina arca were made for experimentation. In general, Calearic Fluvisols is more
fertile in comparison with Stagnic Albe Luvisol. Both soils arc mutually distanced about 2 km. Calcaric Fluvisols
has pH neutral reaction and it contains considerable higher levels of total and mobile fractions of calcium (Ca),
magnesium (Mg), cadmium (Cd), lead (Pb) and nickel (Ni) in comparison with Stagnic Albe Luvisol (Table 1).

Table 1. Some properties of the experimental fields (pH, clay and humus percent, concentrations for Ca,
Mg, Cd, Pb, Cr and Ni)

pH [%] Concentrations in soil [mg.kg™']
(KC) | clay | humus ca | Mg | cd [ m [ o Ni
Calcaric Fluvisals

6.81 12.72 135 Total* 30800 20900 043 41.2 48.4 43.8

mobile 12000 1760 0.22 12.9 0.02 3.5
Stagnic Albe Luvisol

3.80 11.92 1.09 Total 2250 4320 0.15 14.4 30.9 21.7

mobile 730 102 0.05 2.6 0.02

* total (HNO3+H,0; digestion) and mobile fraction (NHsAcet. +EDTA extraction)
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Weather characteristics

The growing scasons 1998 and 1999 were fa-
vorable for maize growing, mainly because of
satisfied rainfall and their favourable distri-
bution during the growing scason. In general,
water shortage during July and August arc
mainly in close connection with low maize
yiclds (Kovacevic, Josipovie, 1998). Rainfall
quantitics (the data of Slatina Weather Bureau
— about ten km from the experimental ficlds
in south dircetion) in the period May-Septem-
ber (V-1X) as well as July and August
(VIFHVII) in both tested growing scasons were
higher compared to long-term mean (V-IX:
465,496 and 377 mm; VIIHVIIL 203, 171 and
133 mm, for 1998, 1999, and long-term mean,
respeetively).

Results and discussion

In general, considerable influences of
growing season, soil type and geno-
type on yields and heavy metals sta-
tus of maize were found (Fig. 1-3,
Table 2). Mean grain yields were
11.71 and 10.86 tha', for the 1998
and 1999 growing season, respec-
tively. In both year of testing, maize
yields on Stagnic Albe Luvisol were
about 25% lower in comparison with
Calcaric Fluvisols (Fig. 1). Heavy
metals concentrations in maize leaves
were higher in the 1999 compared to
1998 (Fig. 2). Yields of individual hy-
brids (2-year means) were from 10.40
to 12.35 t.ha' (Table 2). The higher
yields on Calcaric Fluvisols were
found by 3 hybrids (OsSK554,
0sSK458 and OsSK568exp.: mean
14.01 t.ha™). Yields above 10 tha'
on Stagnic Albe Luvisol were found
by OsSK332, 0sSK444, OsSK458exp.
and 0sS490exp. (mean 10.84 t.ha').

1998 1999 Calcaric  Stagnic Albe
Fluvisols Luvisol

Fig. 1. Influences of the growing scason and soil types on
grain yield of maize (LSD 1% significance).

Cd Pb Cr Ni
heavy metals

Lu 1998  W1999

Fig. 2. Influences of the growing scasons on heavy metals
status in maize (levels of significance: LSD 5% for Cd and
LSD 1% for Pb, Cr and Ni).

[mg.kg ']

Cd Pb Cr Ni
heavy metals

O Calcaric Fluvisols
M Stagnic Albe Luvisol

Fig. 3. Influences of soil types on heavy metals status in ma-
ize (levels of significance: LSD 1% for Cd, Pb and Ni; non-
significant for Cr).
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Fable 2. Influences of genotype on maize propertics

Maize hybrid Grain yield The ear-leal at silking [mg.kg ']

(the factor C) [t.ha] Cd Pb Er Ni
Cl1 0OsSK332 11.28 0.224 1.04 0.391 1.63
€2 0sSK382 10.78 0.186 1.01 0.360 1 .60
c3 OsSK413 10.40 0.120 0.93 0.375 1.59
C4 0sSK425exp 11.00 0.127 0.95 0.321 1 .54
C5 0sSK444 10.68 0.156 0.90 0.317 1 .55
ce OsSK458exp 12.34 0.118 0.73 0.303 1 .62
C7 0sSK490exp 11.71 0.112 0.79 0.322 l.62
C8 0sSKS52 10.84 0.124 0.90 0.379 1.59
c9 0sSK554 12.00 0.146 0.78 0.335 1'53
C10 | OsSK568exp H.73 0.222 0.81 0.391 1.54
LSD C 5% 0.54 0.021 0.10 0.035 r{s
LSD C 1% 0.74 0.030 0.14 0.049 -
Mean of the trial 11.28 0:153 0.88 0.350 1.58

’ By our testing were found low concentrations of heavy metals in maize leaves concern-
ing their harmful influences on environment (Table 2, Fié. 1-3). Their mean values were as
follows (mg.kg' on dry matter basis): 0.153 (Cd), 0.88 (Pb), 0.350 (Cr) and 1.58 (Ni) Fu}
exfﬂmple, Mengel, Kirkby (2001) cited the critical concentrations of various h‘eavy m-etals
(higher leve}s are toxic) in plants (mg.kg' on dry matter basis); from 5 to 10 (Cd), from 10
to 29 (Pb), from 1 to 2 (Cr) and from 20 to 30 (Ni). Kaferstein (1979) reported ac;ceptable
maximum Pb and Cd levels in edible parts or food plants — for cereals these valués are less
than 0.5 ppm Pb and less than 0.1 ppm Cd. Davis et al. (1978) found heavy metal levels in
young summer barley plants at tillering (5-leaf stage) with 10% loss of yield as follows; 10
ppm C.r, 15 ppm Cd, 26 ppm Ni and 26 ppm Pb. Fritz et al. (1977) found mean heavy m:':tal
levels in fruit, root, tuber and leaf vegetables from “non-contaminated regions” as follows:
less than 1 ppm of Cd and Cr, from 2.0 to 9.0 ppm Ni and from 5.3 to 28.7 ppm Pb |
In genera], levels of heavy metals contents in two soil types (Table 1) did not-corre-
spondingly influenced on their status in maize because hevay metals plant status in leaves
(Tabl.e_Z) were more similar for different soils (Fig. 3). We presume that under r;eutral soi}
cond1t1pns of Calcaric Fluvisols is less favourable conditions for heavy metals uptake b
plants in comparison with acid reaction of Stagnic Albe Luvisol. Singh et al. (1995) re}—/
ported that increase of pH values is in connect with decrease of cadmium and zi-nc mobilit
and accumulation by plants. ’
Also, considerable differences ot Cd, Pb and Cr status were found among tested hybrids
(Table 2) as follows (mg.kg™"): from 0.112 to 0.224 (Cd), from 0.73 to 1.04 (Pb) and from
0.303 to 0.391 (Pb). OsSK458exp had the lowest concentrations (mg.kg™") of Cd (0.118)
l?b (0.73) and Cr (0.303). At the same time, OsSK332 characterized the highest vah‘;e% a;
follows: 0.224 (Cd), 1.04 (Pb) and 0.391 (Cr). Probably, low concentrations of these muhlal.;
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in OsSKA458¢exp hybrid could be in connection with its the highest yield (Table 2). Testing

our data (2-year means), we found significant coeflicient of correlation only between yield

and Pb (r =-0.755**). Lead is major chemical pollutant of the environment, and is high

toxic to man. By many studies was shown that Pb contents very clearly follows the motorway

areas. Vegetation of the side of the road may have levels of 50 ppm Pb but distance of only

150 m away from the motorway the level is normal about 2 or 3 ppm (Mengel, Kirkby,

2001). Kadar, Koncz (2000), Kadar et al. (2002) tested influences of soil contamination

with 13 pollutants, their mobility and phytotoxicity for maize, carrot and potato in calcare-

ous chernozem. Cd and Pb were very mobile in soil, but they accumulated moderately (Cd)

and weakly (Pb) in plant. Carrot root and potato tuber yields significantly decreased in the
Cr, Hg, and Se treatments. Other applied elements did not effect the yield substantionally.
Kovacevic et al. (2002) tested heavy metal status in two maize hybrids following fertiliza-
tion by 1500 kg PO, and K,0 ha''. Applied fertilization had not effects on Pb and Ni status
in maize. However, using of P fertilizer (MAP = moncammonium phosphate: 12% N+
52% P,0) resulted by increase of Sr and Cr, while Cd concentrations in maize leaves in-
creased as affected by both MAP and KCl. By this study was also found non-toxic levels of
tested elements in plants.

By comparison of these data with our results, low quantities of tested pollutants were
found in maize leaves and production of healthy food is possible on arable lands in Croatia.
Also, by growing of genotype characterizing lower uptake of heavy metals, especially in
contaminated environment, is possible to alleviate food contamination.

Translated by the authors
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Kovacevic V., Antunovic M., Bukvic G., Rastija M., Kadar 1.: Vplyvy pddy a genotypu na stav 'aZkych kovov
v kukurici.

Na vapnitej fluvizemi (caFL) a stagnickej bielej luvizemi (stAB) sme podas dvoch vegetadnych obdobi v §tyroch
opakovaniach sledovali desat’ kukuri¢nych hybridov, ktoré v terénnych podmienkach ristli na dvoch pddach.

Obe pady lezia v idoli Dravy a od scba si vzdialené asi na 2 km. Koncentricic kadmia, olova, chromu
a niklu v $upoli a v péde sme namerali technikou ICP-AES po mikrovlnovom vyluhovani pri pouZiti koncentro-
vaného HNO+H,0,. Vynos kukurice na stAB bol o 25% nizsi ako na caFL. Podobné rozdiely sme zistili aj
medzi hybridmi. Vo vScobecnosti sme nizke koncentracie tazkych kovov nasli v kukurici s vyznamnymi roz-
diclmi medzi hybridmi (mg.kg! v suine): od 0,112 do 0,224 (Cd), od 0,73 do 1,04 (Pb) a od 0,303 do 0,391
(Pb), k¥m hodnoty Ni boli podobné (strednd 1,58). Ticto hodnoty z aspektu $kodlivych vplyvov na prostredic st
velmi nizke. Preto produkeia zdravych potravin je v Chorviatsku moZnd. Vypestovanim genotypu charakterizu-
juceho nizky prijem tazkych kovov, hlavne v kontaminovanych podmicnkach, moZno zmiemit environmentsl-
ny problém.
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Abstract

&imonovicova A., Kmadova Z., Pavli¢kova K., Beiiova A.: Microbiological characterization of
the soil influenced by the negative anthropization. Ekologia (Bratislava), Vol. 23, No. 1, 71-
79, 2004.

In the contribution we have dealt with a long-term negative influence on anthropogenic activitics
on microbial character of soil in the studied territory — Novaky region. The affected arca belongs
to region with the most important cnergelic raw in Slovakia, where one of the blggcst fuel T
energetic complex is build. The main cnvironmental problems of the region arc: the air contami-
nation, the surface water contamination, and also the problematic of arsenic. Thc. source of arse-
nic is the brown coal from Noviiky mine. The samples for microbiological analysis were sampled
from the Novaky mine — from the brown coal and mound in the depth Q-S cm, 20A.30 cm. Thc
species from kind Aspergillus, Penicillium and Paecilomyces werc dOl‘l‘lll’lal.‘l[. Specics P‘aect!o-
myces lilacinum and Scopulariopsis brevicaulis have the ability of methylation As from inorga-
nic into the organic form.

Key words: environment, Novaky region, arsenic, soil microscopic fungi, methylation

Introduction

In accordance to the geomorphologic classification of Slovak.ia the §tudiecl1 territm_zry.be-
longs to Hornonitrianska basin (Upper Nitra basin), exactly to its partial basin — Prievidza
basin. Hornonitrianska basin forms branchgd ditched founder betv.vcen the a.rch of cored
mountains (StrdZzov mountain, Small Fatra, Ziar, Tribeg) an-d \follca_mc. mour}talns of Slovlak
upland (Kremnica upsides, Vtacénik). Toward cored mountain it is limited with heavy faults,
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