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1. INTRODUCTION

In the Drava River Valley, tobacco is an
agricultural product of great concern and importance to all and has a long tradition of farming.
It is known that tobacco is grown on soils of
different physical and chemical properties that
have a direct influence on the quality of tobacco.
For this reason, systematic field and laboratory
investigations of soil and plant material in tobacco production were conducted in Croatia in

the period 2006-2008 with the aim of gaining
new insights into the soil status and quality of
tobacco in regular production and of eliminating
the detected restraints.
The main purpose of this paper is to present the results relating to the analysis of heavy
metal content in soil and tobacco leaf in view of
the influence of heavy metals on the quality of
tobacco.

2. MATERIALS AND METHOD
The sampling and identification of soil
type were conducted in the course of regular

tobacco production on 22 representative family
farms in the Drava River Valley (Fig. 1.).

Figure 1. Soil sampling locations
Sl. 1. Lokacii na zemeni po~veni primeroci
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The paper presents the results relating
to luvisol on loess in view of the fact that it
is the prevailing soil type on which tobacco is
grown in the Drava River Valley. Plant samples
were taken from the same family farms. Bright
Virginia tobacco is grown on all locations. The
basic physical and chemical properties of soil
were analysed using standard methods (Škorić
1985). Heavy metals were extracted from soil
by microwave-assisted digestion method with
the Aqua Regia and from the plant material by
microwave-assisted digestion method with a

mixture of nitric acid and hydrogen peroxide.
Concentrations of heavy metals were determined
by inductively coupled plasma optical emission
spectrometry using a Varian Vista-MPX. The
estimation of soil pollution was made pursuant
to the criteria contained in the Rulebook on Protection of Agricultural Land against Pollution by
Harmful Substances in the Republic of Croatia
(Official Gazette of the Republic of Croatia, No.
10/2007). The quality of tobacco in view of heavy
metal content was estimated in accordance with
values from literature sources (T.S. Tso, 1990).

3. REZULTS
3.1. Physical and chemical soil properties
In the Drava River Valley, luvisol on
loess is the prevailing soil type on which tobacco
is grown (Husnjak et al., 2005). It is characterised
by automorphic moisture regime, loamy texture,

medium water-holding capacity, increased compaction, especially in the sub-plough soil layer,
and low to high air capacity (Table 1.).

Table 1. The basic physical soil properties (min. and max. values)
Tabela 1. Osnovni fizi~ki svojstva na po~vata (min. i maks. vrednosti)

*Ploughed layer; **sub-plough layer: Kv-water-holding capacity; Kz-soil air capacity; qv-bulk density; GP-packing density
*Orani~en sloj; **Podorani~en sloj: Kv-retencilen voden kapacitet; Kz-vozdu{en kapacitet na po~vata;
qv-prividna gustina; GP-Spakuvanost

According to the presented results of
chemical analyses, it is evident that luvisol soils
have from very strong to strong acid reaction,

from very low to low humus content and from
poor to good nutrient supply (Table 2.).

Table 2. The basic chemical soil properties (min. and max. values)
Tabela 1. Osnovni hemiski svojstva na po~vata (min. i maks. vrednosti)
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3.2. Heavy metal content in soil
When comparing heavy metal content
in soil with the allowable threshold limit values
for soils of loamy texture, it can be concluded

that soils used for tobacco production are not
contaminated by heavy metals.

Table 3. Heavy metal content in the plough soil layer (mg/kg)
Tabela 3. Sodr`ina na te{ki metali vo orani~niot sloj

* For soils of loamy texture
* Za po~vi so glinesta tekstura

3.3. Heavy metal content in a dried tobacco leaf
When comparing heavy metal content in
a dried tobacco leaf with literature values (T.S.
Tso, 1990), it was established that the average

values of heavy metal contents are within limit
values as set out in the literature sources (Table
4).

Table 4. Heavy metal content in a dried tobacco leaf (mg/kg)
Tabela 3. Sodr`ina na te{ki metali vo suv tutunski list

3.4. The influence of heavy metal content in soil on their content in a dried tobacco leaf
By comparison of the results obtained by
heavy metal analysis in soil with those obtained
from plant material (tobacco leaf), it was established that there was no statistical correlation

between the above parameters. Only in the case
of chromium, a significant negative correlation
was found between content in soil and plant
material (Fig. 2).
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Figure 2. Comparison between the chromium content in soil and tobacco leaf
Graf. 2. Sporedba pome|u sodr`inata na hrom vo po~vata i tutunskiot list
Based on the above, it can be concluded
that metal content in soil has a little or no influence
on the heavy metal content in tobacco leaf, indicating that the absorption of elements from the soil
is influenced, individually and/or interactively, by
several parameters e.g. soil reaction (pH), content
of organic matter (humus), cation exchange capacity, mechanical content (percentage clay content),
content and type of secondary clay minerals, etc.

In support of this interpretation, we
point out to the established positive correlation
between clay content in soil and heavy metal
content in tobacco leaf, especially Cd, Cu, Ni,
Pb, and Zn, and between soil reaction (pH) and
content of Cr, Mn, and Mo, confirming the fact
that the lighter, sandy soils are more suitable for
tobacco production than the soils of clayey and
loamy texture.

4. CONCLUSION
This paper presents the results showing
heavy metal content in tobacco leaf and luvisol
on loess, having in view that this type of soil is
the prevailing one in tobacco production in the
Drava River Valley.

By comparison of the results of heavy
metal content in soil with those in tobacco leaf,
it was established that only in the case of chromium, there was a significant statistical negative
linear correlation.

The soils used for tobacco production in
Croatia are not contaminated by heavy metals,
in consideration of the fact that their concentrations are below allowable threshold limit values
in conventional and ecological agriculture.

Since the tobacco-growing soils are not
contaminated by heavy metals, the heavy metal
content in tobacco leaf is within the permitted
concentrations.
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SUMMARY
In Croatia tobacco is produced on soils of different physical and chemical characteristics,
which has a direct reflection on tobacco quality. For this reason, systematic field and laboratory
investigations of soil and plant material were conducted in the tobacco growing region of the Drava
River Valley in the period 2006-2008 with the aim to get a better insight into the soil status and tobacco quality and to eliminate the detected restraints. As luvisol on loess is the prevailing soil type
on which tobacco is grown in the Drava Valley, this paper presents the investigation results relating
to the contents of some heavy metals (Cd, Cr, Cu, Mn, Mo, Ni, Pb, and Zn) in this soil type and
to their accumulation in tobacco leaf. Soil and plant samples were taken from 22 locations, i.e., 22
family farms. Concentrations of particular elements were determined by inductively coupled plasma
optical emission spectrometry. Comparison of concentrations of metal with allowable threshold
values showed that soils used for tobacco productions are not contaminated by heavy metals, since
their concentrations are below allowable threshold values and that the heavy metal content in dried
tobacco leaf is in accord with literature values. Comparison of the results on heavy metal contents
in soil and in tobacco leaf did not reveal their significant statistical interdependence, which points
to he conclusion that accumulation of studied metals in leaf is not influenced by their content in the
soil, but is rather a consequence of the interaction of pedophysical and pedochemical parameters, as
well as of the applied technology.
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