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Abstract

Copper is an essential trace element in living organisms, but its excess interferes with
metabolic transformations in plant, animal and human cells. The uptake of copper from
contaminated soils can be regulated, for example, by soil liming or application of other
substances which enhance soil adsorption capacity and Cu binding in the substrate. The
purpose of this study has been to assess the response of maize to soil contamination with
copper depending on the applied neutralizing substances. The tested factors were incre-
asing concentrations of Cu in soil: 0, 200, 400 and 600 mg Cu kg! dm, and soil application
of mineral (lime, loam and zeolite) and organic (manure, peat and bark) neutralizing sub-
stances.

Soil contamination with copper within the range of 200 to 600 mg kg! of soil caused
reduction in maize yields. Positive influence such as alleviation of the harmful effect of cop-
per contamination was demonstrated by lime and manure, which enhanced yields of ma-
ize, especially in the series polluted with 200 and 400 mg Cu kgl. The other soil amen-
ding substances, especially peat added in amounts of 400 and 600 mg kg1 of soil, caused
a considerable depression in maize yields. A linear dependence has been demonstrated be-
tween the concentration of Cu in maize plants and the content of Cu in the substrate,
with the root content of Cu being on average six-fold higher than in aerial organs. Mine-
ral soil amendments significantly decreased the BTC index in maize compared to organic
substances, and lime as well as pine bark decreased the BCF index to 2.33 and 1.67 versus
the value of 4.21 found in the control treatment without any neutralizing substances. The
uptake of copper depended on the volume of yield and — to a lesser degree — on the con-
centration of Cu in plants. The uptake of copper by plants was the highest in treatments
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contaminated with a rate of 200 mg Cu kg, which was the consequence of higher yields
from that treatment than from the plots polluted with 400 or 600 mg Cu kg of soil.

Key words: copper, BTC, BCF, BAC, phytotoxicity, neutralizing amendments.

REAKCJA KUKURYDZY (ZEA MAYS L.) NA ZANIECZYSZCZENIE
GLEBY MIEDZIA W ZALEZNOSCI OD ZASTOSOWANYCH DODATKOW
NEUTRALIZUJACYCH

Abstrakt

Miedz to niezbedny w funkcjonowaniu organizmoéw zywych pierwiastek Sladowy, jed-
nak jej nadmiar objawia si¢ zakldceniem metabolizmu roslin, zwierzat oraz ludzi. Pobranie
miedzi z gleb zanieczyszczonych mozna regulowaé¢ m.in. stosujac zabieg wapnowania oraz
inne substancje wplywajace na zwiekszenie sorpcji i wigzanie Cu w glebie. Celem badan
byta ocena reakcji kukurydzy na zanieczyszczenie gleby miedzig oraz zastosowane dodatki
neutralizujace. Czynnikami byly rosnace stezenia Cu w glebie: 0, 200, 400 i 600 mg Cu kg!
s.m. oraz doglebowe dodatki neutralizujace: mineralne (wapno, il i zeolit) oraz organiczne
(obornik, torf i kora).

Zanieczyszczenie gleby Cu w ilosci od 200 do 600 mg kg! gleby powodowalo spadek
plonowania kukurydzy. Pozytywny wptyw na tagodzenie skutkéw szkodliwego dzialania mie-
dzi wykazaly wapno oraz obornik, poprawiajac plonowanie roslin, gléwnie w odniesieniu do
gleby zanieczyszczonej 200 i 400 mg Cu kg1, pozostale dodatki, szczegdlnie torf stosowany
w glebie zanieczyszczonej 400 i 600 mg Cu kg, przyczynily sie do znacznego obnizenia
plonu. Wykazano liniowg zaleznos¢ miedzy zawartoScig Cu w roslinach kukurydzy a za-
wartoscig Cu w podlozu, przy czym zawarto§¢ Cu w korzeniach byta §rednio ponad 6 razy
wyzsza niz w czesci nadziemnej. Dodatki mineralne istotnie wptynely na wskaznik BTC
w kukurydzy w stosunku do zastosowanych dodatkéw organicznych. Wapno i kora sosno-
wa wplynely na obnizenie wskaznika BCF do wartosci 2,33 i 1,67 w stosunku do wartosci
421 w obiekcie kontrolnym — bez dodatkow. Pobranie miedzi zalezalo od wielkosci plonu,
w mniejszym stopniu od zawarto$ci Cu w roslinach. Na obiektach zanieczyszczonych 200 mg
Cu kg1 — wyzej plonujacych — rednia wielko§é pobrania byla istotnie wyzsza niz na obiek-
tach o bardzo duzej zawartosci miedzi — 400 i 600 mg Cu, ale duzo nizej plonujacych.

Stowa kluczowe: miedz, BTC, BCF, BAC, fitotoksyczno$é, dodatki neutralizujace.

INTRODUCTION

Progress in our civilization is invariably associated with environmental
pollution. The contamination of the natural environment is mainly caused
by emission of metal-bearing dusts, which are eventually deposited on the
surface of earth. Other sources of trace metals are industrial waste, munici-
pal sewage and wastewater, fertilizers and plant protection chemicals (Bowszys
et. al 2009, Woroszyk et al. 2009). In Poland, soil contamination with heavy
metals is detectable locally, mainly in industrialized areas, although in some
locations near sources of emission, soils can be heavily polluted (Rosapa 2007,
Dorierara 2009, Szurc, KoBiErski 2010). The content of Cu in Polish soils
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ranges from 0.2 to 725.0 mg Cu kg1 d.m. and the average is 6.50 mg Cu
kg~l. Near metal smelting plants, e.g. the Glogéw Copper Smelter (Poland),
the concentration of Cu is 1440 mg Cu kg1 on average (KarczEwska et al.
2012), and contamination rates detected near metal smelters in other parts
of the world range from 510-9700 mg Cu kg~! — Sudbury (Canada), 1400-
-3700 mg Cu kg~! — Coniston (Canada) (CCME 1997), 11 600-14 200 mg Cu
kg! — Lubumbashi (DR-Congo) (NARENDRULA et al. 2012). Soil contamination
with copper can also result from inadequate and repetitive application of
plant protection chemical preparations. Copper-based fungicides used in vini-
culture until the end of the 19th century (the Bordeaux mixture
CuSO, + Ca(OH),) as well as the ongoing application of copper compounds
such as Cu(OH), CuCl,, CuSO, 3Cu(OH),, Cuy0, Cu(OH), have led to seri-
ous accumulation of Cu in soil of grapevine plantations in France, Brazil,
Croatia and Spain. In these countries, average concentrations of Cu in the
0-20 cm soil layer are 332, 665, 700 and 560 mg Cu kg™ respectively (KOMAREK
et al. 2010). Copper-based fungicides are also applied for protection of other
crops (ScHRAMEL et al. 2000, L1 et al. 2005, KoMAREK et al. 2009). Trace ele-
ments are not biodegradable (ANTONIADIS et al. 2007) and in soil can be dis-
solved, chelated, adsorbed by humus, bound by soil minerals, uptaken by
plants or titrated with other compounds. Persistence of copper bonds de-
pends on the soil pH, quantity and type of other mineral components, redox
potential, soil adsorption capacity and content of organic matter (DUBE et al.
2001, USEPA 2002). One possible method which alleviates the harmful effect
of heavy metals consists in soil amendment with neutralizing substances
(Nwacaukwu, PuLrorp 2008) that bind copper into insoluble metal and miner-
al or metal and organic forms, which — under favourable conditions — may
remain in soil for a long time as harmless compounds (ZoLnowski et al.
2009). Such soil amending substances include zeolites, loam, lime, ground
tree bark, manure and peat (NwacHUKwU, PuLrorD 2008, KoMAREK et al. 2009,
Nasmowicz et al. 2010). Methods for immobilization of metals in soil remain
the only available and economically viable way to rehabilitate contaminated
soils, which enable restoration of biological life and plant cover on degraded
land (Karczewska, KaBara 2010). High concentrations of heavy metals in soil
may lead to their plant concentrations higher than normal, which in turn
can cause their increased transfer to subsequent links in the trophic chain,
where they can accumulate and produce lasting harmful effects.

The aim of this study has been to assess the response of maize to soil
contamination with copper and to determine the effectiveness of copper im-
mobilization in soil by using mineral (lime, loam and zeolite) and organic
(manure, peat and tree bark) neutralizing soil amendments.
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MATERIAL AND METHODS

A pot experiment was set up in 2011, in a greenhouse at the University
of Warmia and Mazury in Olsztyn. The experiment was designed according
to the method of randomly selected blocks with four replicates. There were
two groups of factors: 1) incremental contamination of soil with copper: 0,
200, 400 and 600 mg Cu kg1 of soil, which was simulated by adding to soil
aqueous solution of copper (II) sulphate (CuSO, 5H,0; produced at the POCh
in Gliwice), and 2) neutralizing substances: lime in an amount equivalent to
1 Hh, i.e. 8,48 g CaCOg4 pot~1, loam, natural zeolite @ 1-2.5 mm (SUBIO
EKO Polska, Sp. z 0.0.), cattle manure (P.PH.U. CDN Ireneusz Cal), peat
(Athena Bio-Produkty Sp. z 0.0.) and pine bark (fraction & 2-5 mm) (Hollas
Sp. z 0.0.) 3% of soil mass per pot, i.e. 240 g pot~1. NPK fertilization was:
2.17 g N as ammonia, CO(NH,),, 0.6 g P as KH,PO,, 1.25 g K as KH,PO,
(0.75 g K) and K,SO, (0.5 g K), 0.18 g Mg as MgSO, and 0.25 mg B as
H3BO, pot~1. Typical brown soil developed from poor loamy sand class IVb
and collected from the Ap horizon was used in the experiment. In the Polish
soil valuation system, the soil belongs to good rye complex. In the FAO/
WRB (World Reference Base for Soil Resources) taxonomy (FAO 2006), the
soil was classified as Cambisol — Brown Soils. The basic properties of soil
are specified in Table 1.

Table 1
Some physicochemical properties of soil used in experiment
Cation
Hydro--| Alka- excha- Total
lytic line nge base | Salinity .
. pH pH 1 . . N total | C org. | C:N
Soil type KCl | 1o acidity | cations | capacity | satura- (nS (@ ke ) | (2 ke d) | ratio
2 (cmol | (cmol CEC tion cm™) g X8 g X8
kgD | kgD | (cmol (%)
kg
Cambisols
—brown | 450 | 5.70 | 2.84 5.47 8.31 65.83 71.60 0.76 5,55 | 7.30
soil

The experiment was set up in Kick-Brauckmann pots, by filling each
pot with 8 kg of soil passed through a @ 1 ¢cm mesh sieve. During the
vegetative growth of plants, the soil moisture was maintained at the level
of 60% full water capacity. Maize (Zea mays L.) cv. San (Hodowla Roslin
Smolice Sp. z 0.0.) was grown for green matter and harvested 100 days
after sowing. After harvest, the yield of aerial parts and roots (after washing
off the soil residue and drying) was determined. Samples were dried at 65°C,
ground and wet digested according to the EPA Method 3052 (Microwave As-
sisted Acid Digestion of Siliceous and Originally Based Matrices) (EPA 1996),
using microwave heating with an appropriate microwave system (MARS-5,
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CEM Corporation USA). Concentration of Cu was determined by flame atomic
absorption spectroscopy (FLAAS) (VARIAN SpectrAA — FS240, Varian Inc.
Australia). The content of copper was calculated per absolutely dry matter,
determined at 105°C. The biological transfer coefficient for copper BTC — 1,
biological concentration factor BCF — 2, and biological accumulation coeffi-
cient BAC — 3, were determined (TUKURA et al. 2012).

metal concentration (mg kg~! DM) abveground part of plant

BTC = (1)
metal concentration (mg kg~Z DM) in roots
metal concentration (mg kg~ DM) in roots
BCF = (2)
metal concentration (mg kg~! DM) in soil
metal concentration (mg kg~! DM) aboveground part of plant
RAC = (3)

metal concentration (mg kg~! DM) in soil

The uptake of copper by plants was expressed in mg of copper taken up
from 1 kg of soil. The results were processed statistically with Anova at the
level of significance of a = 0.05, using a Statistica v. 9.0 software package
(StatSoft 2009). The correlation between the analyzed factors was established
using a simple linear correlation model, with the Microsoft Excel programme
(Microsoft 2002).

RESULTS AND DISCUSSION

The tested soil contamination with copper caused a significant, linear
decrease in the mass of roots and aerial matter yield produced by maize,
except the rate of 200 mg Cu kg1 of soil, which stimulated the roots yield,
raising it by 13.80 g DM pot~! relative to the control and by 28.8 g versus
the manure-amended pots (Table 2). No such effect was observed in respect
of the aerial mass yield in the control treatment without soil amending
substances. Out of the tested amendments, lime and manure are notewor-
thy as they raised the yield of root dry matter from pots contaminated with
200 mg Cu kg1 of soil by 16.50 and 15.63 g DM pot~!. In this experiment,
copper contamination was observed to have inhibited the growth of maize
roots, which became thicker and shorter. A similar response of plants to Cu
contamination of soil has been described by Rossi et al. (2004), SzuLrc,
Kogierski (2010) and SiNcH et al. (2007). Crops can be improved when soil is
amended with substances which can arrest copper. Such substances include
composts made from plant waste, coir and tree bark or, less often used,
bone meal and peat (NwacHukwu, PuLrorp 2008). However, organic soil amend-
ments do not always produce same effects on chosen heavy metals. In a study
completed by Ciec¢ko et al. (2001), application of charcoal or compost with
lime or in a series without liming did not improve yields of triticale.
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Table 2
Effects of soil pollution with copper on the dry matter weight of roots
and aboveground part of maize
SOﬂ, Objects
pollution
with .
without . Average
copper . . pine
(mg Cu amen- lime clay zeolite FYM peat bark
— dments
kg1)
Weight of roots (DM g pot—1)

0 46.95 98.63 60.10 51.53 47.58 72.08 58.28 62.16
200 60.75 77.25 48.25 26.25 76.38 68.35 42.25 57.07
400 4.25 5.78 5.18 3.70 5.88 2.20 4.13 4.45
600 1.60 1.80 1.80 1.93 1.28 1.93 2.53 1.84

x 28.39 45.87 28.83 20.85 32.78 36.14 26.80 31.38
R, 0.64%* 0.80%* | 0.84%* | 0.83** 0.54% 0.79%*% | 0.81%* 0.75%*

LSD ,,_¢ o5 for Cu soil pollution = 5.31; for amendments = 7.03; for interaction = 14.06

a

Yield of aerial part of maize (DM g pot1)

0 168.15 | 166.46 | 152.09 | 156.60 | 175.48 | 160.98 | 163.85 163.37
200 145.84 | 147.61 | 107.98 74.86 149.53 83.34 101.85 115.86
400 18.92 18.96 20.85 15.32 21.19 3.97 18.23 16.78
600 3.40 3.30 3.88 2.69 2.62 3.04 3.42 3.19

x 84.08 84.08 71.20 62.37 87.21 62.83 71.84 74.80
R, 0.83%* | 0.87** | 0.89%* | 0.89*%* | 0.84** | 0.83%** 0.66* 0.83%*

LSD ,_g o5 for increasing Cu soil pollution = 13.21; for amendments = 17.47;
for interaction = n.s.

* determination coefficient R, significant for ¢=0.05;
*# determination coefficient R, significant for «<0.01; n.s. — not significant; n=8

Manure introduced to soil may have a stimulating effect on mobility of
metals, possibly because it contains nitric compounds, which are often phys-
iologically acidic (SienkiEwicz et al. 2009). The concentration of copper in
maize plants was varied and depended on the analyzed part of the plant and
the degree of soil contamination with copper (Table 3). Roots contained on
average 1661.38 mg Cu kg! DM in the series without neutralizing addi-
tives and the aerial organs had 299.02 mg Cu kg~ DM.

Application of lime depressed the concentration of copper in plant roots
by an average of 771.37, zeolite by 225.83 and loam by 113.12 mg Cu kg!
DM of roots. Among the tested organic soil amendments, pine bark caused
a significant decrease of the concentration of Cu in roots by 1141.68 mg kg!
DM, while manure decreased it by 461.91 mg Cu kg~! DM compared to the
average concentration found in the non-amended series.
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Table 3
Effects of soil pollution with copper on the copper content in roots
and aboveground part of maize
Soil .
Object:
pollution Jecks
with .
without . Average
copper . . pine
(mg Cu amen- lime clay zeolite FYM peat bark
kg’l) dments
Copper content in roots (mg kg~! DM)

0 19.18 17.93 31.00 53.50 11.00 12.20 14.75 22.79
200 176.28 | 117.85 | 276.20 | 266.20 | 143.78 | 171.38 | 156.53 186.89
400 1292.65 | 525.08 | 1242.35 | 898.75 | 1006.25 | 2542.40 | 643.18 | 1164.38
600 5157.40 | 2899.17 | 4643.50 | 4523.75 | 3636.85 | 6080.00 | 1264.35 | 4029.29

x 1661.38 | 890.01 | 1548.26 | 1435.55 | 1199.47 | 2201.49 | 519.70 | 1350.84
R, 0.79%*% | 0.74%* | 0.80** | 0.75%* | 0.81%* | 0.88%* | 0.93%* 0.81%*

LSD ,_g g5 for Cu soil pollution = 60.58; for amendments = 80.14; for interaction = 160.28

Copper content in aerial part of maize (mg kg~! DM)

0 15.30 6.05 10.08 8.30 8.50 5.38 8.00 8.80
200 10.80 10.93 9.30 11.35 23.03 52.50 9.85 18.25
400 64.33 20.83 32.58 27.78 49.38 510.20 | 118.00 117.59
600 1105.65 | 483.60 | 735.20 | 571.43 | 330.05 | 1398.40 | 280.13 | 700.64

x 299.02 | 130.35 | 196.79 | 154.71 | 102.74 | 491.62 | 103.99 | 211.32
Ry 0.63* 0.62* 0.62* 0.63* 0.70%* | 0.86%* | 0.86%* 0.70%*

LSD ,_g o5 for increasing Cu soil pollution = 10.26; for amendments = 13.57;
for interaction = 27.15

* determination coefficient R, significant for «¢=0.05;
*# determination coefficient R, significant for «<0.01; n.s. -not significant; n=8

The concentration of Cu in roots was the highest in maize plants grown
on soil amended with peat: 2201.49 mg Cu kg~! DM on average and the
maximum concentration of 6080.00 mg Cu kg~! DM. on soil polluted with
600 mg Cu kg!l. Significant reduction in the concentration of Cu in aerial
parts of maize was achieved through enrichment of soil with lime as well as
manure or pine bark, where it decreased by 168.67, 196.28 and 195.03 mg
Cu kg~! DM, respectively. In contrast, the application of peat caused an
increase in the content of Cu in aerial parts of maize by 192.6 mg Cu kg1
DM. versus the control. Rossr et al. (2004) also demonstrated that the roots
of Brassica napus accumulated several-fold more copper than the aerial or-
gans, which is in accord with the present results.
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The coefficients of biological transfer (BTC), biological accumulation (BAC)
and biological concentration factor (BCF) determined for copper in maize
plants depended on the applied neutralizing substances (Table 4).

Table 4

Effects of soil pollution with copper on the biological transfer coefficient (BTC), biological
concentration factor (BCF), and biological accumulation coefficient (BAC)

SOﬂ, Objects
pollution
with .
without . Average
copper . . pine
(mg Cu amen- lime clay zeolite FYM peat bark
ke 1) dments
Biological transfer coefficient (BTC)

0 0.82 0.34 0.32 0.15 0.80 0.44 0.69 0.51
200 0.06 0.09 0.03 0.04 0.18 0.31 0.06 0.11
400 0.05 0.04 0.03 0.03 0.05 0.20 0.18 0.08
600 0.21 0.17 0.16 0.13 0.09 0.23 0.22 0.17

x 0.29 0.16 0.14 0.09 0.28 0.29 0.29 0.22
Ry n.s. n.s. n.s. n.s. 0.64** 0.68%* n.s. n.s.

LSD ,_¢.05 for Cu soil pollution = 0.10; for amendments = 0.13; for interaction = 0.26

Biological concentration factor (BCF)

0 2.85 2.06 4.00 591 1.81 3.16 0.32 2.87
200 0.95 0.63 1.56 1.41 1.45 0.97 111 1.15
400 3.77 1.34 3.57 2.37 2.63 7.37 2.26 3.33
600 9.29 5.28 8.34 7.71 7.15 10.64 2.98 7.34

x 4.21 2.33 4.37 4.35 3.26 5.54 1.67 3.68
R, 0.64** n.s. n.s. ns. ns. 0.74*%* | 0.96%* | 0.65%*

LSD ,_g o5 for Cu soil pollution = 0.23; for amendments = 0.30; for interaction = 0.61

a=

Biological accumulation coefficient (BAC)

0 2.34 0.70 1.30 091 1.38 1.40 0.19 1.17
200 0.06 0.06 0.05 0.06 0.23 0.30 0.07 0.12
400 0.19 0.05 0.09 0.07 0.13 1.48 041 0.35
600 1.99 0.88 1.32 0.97 0.65 2.45 0.66 1.27

x 1.14 0.42 0.69 0.50 0.60 141 0.33 0.73
R, n.s. n.s. n.s. n.s. n.s. n.s. 0.74%* n.s.

LSD ,_g o5 for Cu soil pollution = 0.19; for amendments = 0.25; for interaction = 0.51

* determination coefficient R, significant for «=<0.05;
** determination coefficient R, significant for #<0.01; n.s. -not significant; n=8
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Maize was characterized by a relatively low BTC, which means that
quite a large portion of absorbed copper stayed in roots. As a rule, plants
with BTC >1.0 are said to be hyperaccumulators and can be used for phy-
toextraction and phytostabilization (TukurA et al. 2012). Lower BTC values
than in other series were found in the treatment with zeolite, where the
mean BTC was 0.09. This means that peat had a significant effect on arrest-
ing metals in roots. A high BTC value was determined for the series with-
out any neutralizers (0.29), and the applied organic soil amendments did not
affect the transfer of copper from roots to the upper parts of maize plants.
The BCF >1.0 confirms extensive binding of metals, which is a desirable char-
acteristic of plants used for phytoremediation of polluted soils. High BCF in-
forms about the presence of detoxication mechanisms, which lead to seques-
tration of ions of trace metals, and this in turn prevents translocation of
harmful metals of aerial parts of plants (GHosH, SINGH 2005). The tested maize
was characterized by a relatively high BCF, which suggests a considerably
high uptake of copper and its arrest in roots. Out of the mineral soil amend-
ments, lime caused a decrease in the concentration of Cu in maize (BCF=2.33);
organic substances produced diverse effects. Pine bark depressed the biologi-
cal concentration factor down to 1.67, while peat induced a very high increase
in its value — to 5.54 on average, with the highest values of 7.37 and 10.64
in treatments polluted with 400 i 600 mg Cu kg™! of soil, respectively.

A relatively low BAC indicated high efficiency of lime and pine bark
added to soil (0.42 and 0.33, respectively). These neutralizing substances
inhibited the transfer of copper from soil to stems and leaves of maize. The
highest accumulation coefficient was determined for maize grown on soil
with peat (1.41) and without any neutralizers (1.14). The uptake of copper
by maize plants (Figures 1, 2) to a large extent depended on the degree of
soil contamination with this metal. The highest uptake occurred in the treat-
ments polluted with 200 mg Cu kg™! of soil. In maize grown on soil with
higher rates of copper, despite an increase in copper concentration in plant
tissues, a significant decrease in the uptake of the metal was observed as
a result of the strong depression of maize yield due to the toxicity of copper.
Lime, zeolite and bark distinctly depressed the uptake of copper by maize
roots compared to the treatments without soil amending substances and
with added loam, manure and peat.

In respect of the aerial parts of maize, lime and zeolite as well as peat
and pine bark limited the uptake of copper. The amounts of copper removed
with harvested parts of maize depended above all on the properties of soil
neutralizing substances. Lime was most effective as it enhanced yields, gen-
erated a low biological concentration factor and resulted in the lowest up-
take of copper. As reported by SIENKIEWICZ et al. (2009), application of organic
substances to soil may be followed by an increase in the uptake of copper,
an effect induced by nitric compounds found in such substances which acidi-
fy the soil and increase the solubility of metals, thus facilitating their trans-
location into plants, the event that was also demonstrated in this study.
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CONCLUSIONS

1. Soil contamination with copper had a significant effect on maize yields.
The rate of 200 mg Cu kg1 of soil stimulated the growth of maize roots,
while the doses of 400 and 600 mg Cu kg1 led to reduced root yields. Soil
contamination with copper had a significantly negative effect on yields of
aerial parts of maize at all the tested rates of contamination.

2. Copper contamination significantly raised the concentration of Cu in
plants. In roots, it was on average over 6-fold higher than in aerial organs,
which indicates that there are certain mechanisms involved limiting the
uptake of toxic amounts of copper by maize.

3. Mineral contamination neutralizing substances depressed the biologi-
cal transfer coefficient (BTC) for Cu in maize compared to plants grown on
soil with organic soil amendments. The biological concentration factor (BCF)
fell down to 2.33 and 1.67 in response to application of lime and, exception-
ally, pine bark compared to 4.21 in the control. The BAC in the same treat-
ments decreased down to 0.42 and 0.33 versus 1.14 found in the control
treatment, without any neutralizers. The substances introduced to soil evi-
dently inhibited the translocation of copper from soil to maize stems and
leaves.

4. The uptake of copper by maize depended primarily on the volume of
yields and, to a lesser degree, on the concentration of Cu in maize plants.
Plants growing on the treatments polluted with 200 mg Cu kg1 absorbed
on average more copper than the ones from pots with soil polluted with 400
and 600 mg Cu kg™, despite a very high concentration of Cu in plant tis-
sues in the latter case.

5. The smallest average unit uptake of copper by maize, expressed in
mg Cu per kg of soil, was demonstrated by plants grown on soil enriched
with lime and pine bark, which confirms the claim that these soil amend-
ments belong to substances that most strongly inhibit the uptake of heavy
metals by plants.
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