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 A greenhouse experiment in pots was carried out in order to assess the effect of combination
of stress factors – copper pollution and Fusarium culmorum pathogen on the bioavailability of
heavy metals in contaminated soils and their uptake from agricultural plants. Cu ions were
introduced into the soil as a solution of CuCl2.2H2O in three concentrations: 150, 400 and 600
mg.kg-¹. The soil was artificially inoculated with Fusarium culmorum pathogen. Wheat (Triticum
aestivum) plants were grown at the phenophase “5-6 leaf”. Soil samples were analyzed for
determination the content of elements: Pb, Fe, Zn, Cu, Cd, Mn. An ICP technique was used for
determination of total and mobile forms of heavy metals in the soil, before planting the seeds.
Concentration of the same elements was measured also in the stems and roots of investigated
plants, after the harvesting.

A higher concentration of all determined elements was established in the roots of wheat,
compared to those, in the stems. A substantial change of the heavy metal content in the infected
and uninfected with F. culmorum plants was not determined.
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Introduction

Heavy metal pollution of agricultural
lands and crops is a significant problem in
all developed countries, including Bulgaria
in this number too. In spite of strongly di-
minished production of industrial wastes
the problem still persists, because the
heavy metals accumulated from the pre-
vious years remained in the surface layer
of the soil. This point is a widely recog-
nized and studies on the harmful effects
caused by heavy metals on crop plants are
receiving increased attention (Ciscato et
al., 1997; Cook et al., 1997; Maksymiec,
1997; Angelova et al., 2003; Anguelova
et al., 2004). It takes a long time to ex-
tract them using some plants and the most
important thing is the right choice of the
grown agricultural crops (Zupan et al.,
1997; Nvari-Izzo, 2001; Vassilev, 2002;
Barocsi et al., 2003; Kos et al., 2003;
Hajiboland, 2005). According to some au-
thors (Angelova et al., 2003) the cereal
crops can be divided into two groups which
differ considerably in their ability to accu-
mulate heavy metals: (i) moderate accu-
mulator - barley, rye, triticale and (ii) high
accumulator – wheat.

Elevated concentrations of heavy met-
als in soil may cause phytotoxicity, direct
hazard to human health, indirect effects
due to transmission through the food chain
or contamination of ground- or surface-
waters (Clijsters et al., 1999; Cuypers et
al., 1999; Berglund et al., 2002; Quartacci
et al., 2003). Heavy metals cannot be de-
graded or destroyed, but it is possible to
alter their chemical form and change their
solubility in water and hence availability
to plants (Pulford et al., 2002; Nakova,
2002).

One of the widespread fungal patho-
gens in Bulgaria is Fusarium pathogen.

They cause significant diseases in the ce-
real crops. To the most important species
belongs F. culmorum and F. grami-
nearum, because of their high invasive-
ness to the crops (Schachermayr and
Fried, 2001). Almost all cereal species as
wheat, triticale, rye, barley, oat and corn
may be attacked and wheat is considered
the most susceptible species to Fusarium.
Fusarium disease in cereals may result in
quantitative /reduced grain weight and
number of grains per spike/ and qualita-
tive /decreased protein, starch and gluten
contents/ yield losses. The disease also
diminishes seed quality. Fusarium fungi
attacking cereals are able to produce nu-
merous mycotoxins as secondary metabo-
lites (Kononenko et al., 1999; Sokolova et
al., 1999).

Copper is an essential micronutrient
element, which plays a significant meta-
bolic role, but in high doses it can be toxic
for the plants. What is the correlation of
elevated Cu concentrations in the soil with
the other toxic elements is one of the main
objects of this study. An investigation of
the interaction between heavy metal pol-
lution and Fusarium infection also would
be interesting, especially for the agricul-
tural practice.

Materials and Methods

A greenhouse experiment in pots was
carried out for two years replication in
order to assess the effect of combination
– copper pollution and pathogen Fusarium
culmorum on the bioavailability of heavy
metals in contaminated soils and their
uptake from agricultural plants. An alluvial-
meadow type of soil, pH-6.6, and humus
content 3.8 % mg.kg-¹ was used for the
investigation. The soil was air-dried, sieved
trough 2 mm sieve and sterilized at 60°C.
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Cu ions were introduced into the soil as a
solution of CuCl2.2H2O in three concentra-
tions: 150, 400 and 600 mg.kg-¹ and left
for 20 days for stabilization. An
uncontaminated soil was used for growing
of control plants. At the end of this period
the soil was infected with Fusarium
culmorum. This pathogen was used for
the experiment because of it‘s higher
aggressiveness to the crops in comparison
with F. graminearum (Bogoeva and
Karadjova, 2005). The infection was
preliminary grown on barley grains at a
temperature 18-25° C. The inoculum was
introduced into the soil in a quantity of 4
g.kg-¹of soil, left for development at a
temperature 20-25° C and kept wet. After
pathogen‘s development (10–15 days
later) the soil was cropped with seeds of
wheat (Triticum aestivum) “Sadovo-1”
cultivar. The experiment was prepared in
two replications. During the vegetation
cultures were grown at a t 20-25° C and
soil humidity was maintained by watering
with distilled water. Plants were grown at
the phenophase “5-6 leaf” when the
experiment was finished. Two parallel
plant and soil samples from each variant
were taken.

Analytical methods

The soil was analyzed for determination
the content of metals (Pb, Cd, Fe, Zn, Cu,
Mn). Soil samples (5.0 g) were air-dried,
homogenized in a mortar and sieved. A
fraction with particle size < 1 mm was
taken for analysis. Total metal
concentration was determined following
HNO3/HCl, (2.5: 7.5 ml) digestion for 3
hours over sand bath. After cooling it was
transferred into a 50 ml flask and 0.1 N
HCl was added to the mark. Mobile forms
of metals in soil were analyzed after

extraction with EDTA, following the pro-
cedure described from Trierweiler and
Lindsay, 1969. After washing in water and
distilled water, plants were dried and
prepared for analyses. Heavy metal
content in the plant material (1.0 g from
infected wheat plants) was determined
using the method of dry mineralization at
450°C until ashing. After cooling to a room
temperature the ash was digested with 1
ml conc. HNO3, evaporated in a sand
bath. The procedure was repeated until
the ash was white. It was finally dissolved
in 0.2 M HNO3 and transferred into a 25
ml flask.

An ICP-AES (“Liberty II” – Varian)
technique was used for determination of
elements. The working wave lengths were
as follows: Cu – 324.8 nm, Pb – 220.4
nm, Cd – 228.8 nm, Fe – 259.9 nm, Zn –
213.9 nm, Mn – 257.6 nm. A commercial
multielement standard solution (Merck)
with concentration 100 mg/L was used as
a stock solution. Total and mobile forms
quantity of heavy metals was measured
in the soil, before planting the seeds.
Concentration of the same elements was
estimated also in the stems and roots of
investigated plants, after the harvesting.

Results and Discussion

The represented results are an average
from 6 repetitions of analyze.

1.  Soil analyses
Two forms of heavy metal ions were

determined in the soil: total and mobile.
1.1 Total forms: an increase in the Cu

content was established in a correlation
with the enhancement of the applied dose.
A substantial elevation of Fe content was
influenced in the variants, treated with
higher copper quantities. The content of
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the other measured elements was not re-
markably changed in all experimental vari-
ants (Table 1).

1.2 Mobile forms: their concentrations
were lower, compared to those of the
common forms. Content of Cu mobile
forms was increased with the growth of
the applied metal quantity; concentration
of Zn was slightly elevated with the
enhancement of the applied copper dose.
Not a substantial decrease in the content
of Fe was observed, depending on the
introduced Cu amount (Table 2).

2. Plant analyses
2.1. Element content in the stems

(Table 3): Considerable differences in the
distribution of the metals in the separate

parts of the plants were ascertained. As a
general tendency was determined that
heavy metal quantity was at a lower level
in the stems, compared to those in the roots
of wheat. About the main observed
element – copper, it‘s accumulation was
in a very small concentration, comparing
to the roots. A substantial difference
between copper quantity in the infected
and uninfected plants was not established.
A tendency of elevation was observed in
the concentration of Fe and Zn – they
were increased in accordance with
enhanced Cu application in the both
variants – infected and uninfected plants.
Mn presence was determined to be lower,
compared to those in the roots. It‘s quantity
was not in a correlation with the applied

336 I. Bogoeva, E. Boncheva, R. Stefanova and B. Blajev

Table 1

Cu Fe Cd Mn Pb Zn
x ± SD x ± SD x ± SD x ± SD x ± SD x ± SD

Cu = 0
/Control/   73.6±1.3 23 211±46.4 1.03±0.01 1 165±2.33 12.7±0.24 128.0±0.001

Cu=150 255.0±0.26 18 054±18.1 1.17±0.02 1 155±2.31 14.7±0.68 142.0±0.14
Cu=400 435.0±5.66 37 812±37.8 1.31±0.04 1 112±1.11 11.5±0.32 109.0±0.33
Cu=600 665.0±5.32 37 858±37.8 1.48±0.02 1 121±2.24 22.2±0.24 123.0±0.37

Table 2

Cu Fe Cd Mn Pb Zn
x ± SD x ± SD x ± SD x ± SD x ± SD x ± SD

Cu = 0
/Control/   11.1±0.28  9.29±0.01 0.144±0.003 21.4±0.04 1.86±0.02 16.3±0.05

Cu=150   58.8±0.13  7.26±0.05 0.257±0.008 22.9±0,07 1.73±0.01 22.9±0.07
Cu=400 156.0±0.62  8.64±0.03 0.098±0.001 19.4±0.04 1.63±0.01 24.2±0.05
Cu=600 223.0±0.84  5.47±0.02 0.194±0.003 18.5±0.08 1.31±0.02 25.3±0.03

x – average value (mg/kg) from 6 repetitions; SD – mean standard deviation

x – average value (mg/kg) from 6 repetitions; SD – mean standard deviation

Element content - common forms in the soil, mg.kg-1

Variant

Variant

Element content - mobile forms in the soil, mg.kg-1



copper dose. Pb content in the stems and
in the roots was in a very low quantity,
and almost equivalent in the both plant
parts. Cd concentration was measured to

be insignificant.
2.2. Element content in the roots (Tab-

le 4): A higher concentration of all
measured elements was established in the
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Table 3

Cu Fe Cd Mn Pb Zn
x ± SD x ± SD x ± SD x ± SD x ± SD x ± SD

 Pat - 0
Cu = 0
/Control/

3.35±0.01 107.0±2.13 0.845±0.025 125.0±0.25  4.73±0.07   38.2±0.19

Cu=150 5.56±0.05 146.0±0.73 0.707±0.013   99.8±0.60  4.74±0.15   86.6±0.09
Cu=400 17.3±0.12 164.0±0.16 0.742±0.025 120.0±0.36  5.17±0.11   82.3±0.16
Cu=600 18.3±0.07 255.0±1.28 0.822±0.003 156.0±0.16  3.98±0.14 122.0±0.12
Pat +
Cu=0 2.49±0.03 138.0±0.97 0.825±0.017143.0±0.72  4.65±0.04   49.5±0.05
Cu=150 6.33±0.01 195.0±0.78 0.724±0.004159.0±0.16  4.56±0.10   83.4±0.17
Cu=400 10.3±0.01 202.0±0.61 0.757±0.008158.0±0.47  4.26±0.10 121.0±0.61
Cu=600 20.2±0.14 287.0±0.57 0.926±0.013163.0±1.14  3.98±0.03 164.0±0.16

x – average value (mg/kg) from 6 repetitions; SD – mean standard deviation

Variant

Element content in the stems of wheat, mg.kg-1

Table 4

Cu Fe Cd Mn Pb Zn
x ± SD x ± SD x ± SD x ± SD x ± SD x ± SD

Pat - 0
Cu = 0
/Control/

  22.2±0.09 2519±10.1 1.12 ±0.036 350.0±1.75  5.94±0.13 396.0±0.40

Cu=150   88.9±0.53 2895±14.5 2.46 ±0.005 311.0±0.62  5.95±0.12 442.0±0.44
Cu=400 187.0±0.94 2075±  4.2 2.22 ±0.004 398.0±0.80  4.68±0.06 310.0±0.62
Cu=600 306.0±1.22 2705±10.8 2.41 ±0.012 363.0±2.90  5.67±0.12 490.0±0.98
Pat +
Cu=0   13.1±0.11 1918±  3.4  2.59 ±0.013 255.0±0.26  4.45±0.08 201.0±1.00
Cu=150   91.0±0.46 2585±10.3 0.793±0.006 267.0±1.34  4.89±0.10 239.0±0.48
Cu=400 185.0±0.93 2758±  5.5 0.976±0.025 255.0±1.28  4.94±0.18 250.0±0.75
Cu=600 242.0±0.24 2884±  2.9  1.30 ±0.036 305.0±1.53  5.37±0.08 303.0±0.30

Variant

Element content in the roots  of wheat, mg.kg-1

x – average value (mg/kg) from 6 repetitions; SD – mean s tandard deviation



roots of the plants. Cu accumulation was
increased with the enhancement of the
applied dose in the soil. A tendency of
increase in Fe presence was observed with
more copper application in the soil. Higher
availability of Mn was measured in the
roots, compared to the stems. Elevated
concentration of Zn with increased copper
application and in comparison with the
stems was determined. Insignificant
amount of Cd was also measured.

Conclusions

As a general tendency was determined
that heavy metal quantity was at a lower
level in the stems, compared to those in
the roots of wheat. A higher concentration
of all measured elements was established
in the roots of the plants. Their quantities
in the stem of the studied crop were
considerably lower compared to the root
system which showed that their movement
through the conductive system was
strongly restricted. The accumulation of
the heavy metals in the vegetative organs
of the studied crops differed significantly.
A substantial difference in Cu and other
heavy metals accumulation was not
determined between infected and
uninfected plants. Based on this result we
can conclude that F. culmorum pathogen
did not influence element uptake in wheat.

Content of the mobile forms of all
measured elements in the soil was
considerably lower in comparison with the
common forms. Cu concentration was
determined to be in a correlation with the
applied dose into the soil.
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