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ABSTRACT

Some plants have the ability to absorb and accumulate heavy metals that do not have important biological func-
tions in their diet and development. Compared with other crops tobacco is well known accumulator of heavy met-
als even when grown on uncontaminated soil. The main aim of this investigation is to study cadmium uptake by
oriental tobacco and its correlation between soil properties as well as the content of this element in different parts
of tobacco. Samples were taken from 150 farms that grow oriental tobacco from three well known tobacco regions
in Macedonia (Pelagonia, Southeastern Region and Vardar Valley). All analyzed samples are from the areas which
are typically agricultural and with low anthropogenic pressure. It was found that the oriental tobacco has a high
tendency for accumulation and transfer of Cd in top parts of the plant.
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MN3BJIEKYBAIBE HA KAJIMUYMOT O/l PA3JIMYHU JEJIOBU HA OPUEHTAJIEH
TYTYH OAIVIEAYBAH BO PEITYBJINKA MAKEIOHUJA

OgnpeneHu BUJIOBH pacTeHMja MMaaT CIIOCOOHOCT Ja arncopOHpaaT M aKyMy/lIHpaaT TeLIKH METall KOM HeMaaT
3Ha4ajHKU OMOJIOIIKY (DYHKIIMH BO HUBHATA HCXpaHa U pa3Boj. Bo criopenda co Apyru 3eMjosIeNICKH KYATYPU TYTYHOT
€ MO3HAaT aKyMyJIaTop Ha TEHUIKM METaJM AypH U KOra ce OfIvIe/lyBa Ha He3araJieHu IoYBH. I 1aBHara 1en Ha oBa uc-
TpaXKyBambe € Jla ce MPOYUYH U3BICKYBaHETO Ha KaIMUYM KO€ TO BPIIM OPUEHTATHUOT TYTYH, HEroBara KopeJarmja
CO TIOYBEHUTE TAPaMETPH, Kako M COJPIKUHATA HAa OBOj €JIEMEHT BO PA3JIMUHHUTE OPraHM Ha TyTYHCKOTO pacTEeHHE.
IMpumeponu ce 3emenu o 150 noKaIUTETH O TPU MO3HATH PEOHH BO MakeoHHU]ja Kajie ce OAIIeyBa OpHEHTalIeH
tyTyH ([lenaronuja, Jyroucrounnor u Bapaapcknotr TyTyHO-1pon3BozieH peoH). Cute aHaIM3upaHy IPUMEPOLH ce
BO FPAHUIIM KOU C€ THITMYHH 32 36M]jOJICJICKH MTOBPIIMHHA M HUCKH aHTPOIIOTCHH BIIMjaHHja. Y TBPJICHO € ieKa OpUeH-
TaJICHUOT TyTYH MMa rojieMa TeHACHIM]a 3a aKyMyJanuja 1 npeHoc Ha Cd BO aHTEHCKUTE JEJIOBH.

Kiyunu 300poBu: KaJMruyM, OpHECHTANICH TYTYH, U3BJIEKyBambe, 104Ba
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INTRODUCTION

Compared with other heavy metals, cadmi-
um is characterized by considerable mobili-
ty in the system soil - plant and accumulates
in the antenna parts of the plant to a much
greater extent than other heavy metals
(Symeonides & McRae, 1977). Cadmium is
one of the most toxic and most harmful el-

ements. Phytotoxicity of Cd is well known
due to the high rate of transfer and the light
accumulation in plants (Alloway & Ayres,
1994). It is well known that tobacco (NVic-
otina tabacum) easily accumulates Pb and
Cd (Gondola & Kadar, 1995). According to
some data (Golia et al., 2009) Cd content in
tobacco variety Berlej is from 0.045 to 3.6
mg/kg, and variety Virginia has Cd content
0f 0.01-3.4 mg/kg. According to the results
of Tso (1990), cadmium content of tobac-

co leafs exceeds 11.6 mg/kg. These values
are much higher than the obtained values
for most plant cultures. Usually its content
is never above 0.05 mg/kg. Addition of ni-
trogen fertilizers, especially those contain-
ing chlorides, increases the availability of
cadmium for plants (Alkorta et al., 2004).
The absorption of macro and trace elements
from plants and their accumulation in veg-
etative and reproductive organs has a very
specific character both in terms of the types
of plants, and in terms of the particular el-
ement.

The main aim in this investigation is to
study cadmium uptake by oriental tobac-
co from the Republic of Macedonia and its
correlation between soil properties as well
as the content of this element in different
organs of tobacco.

MATERIALS AND METHODS

Two years survey (2010 and 2011) was con-
ducted in the well-known tobacco growing
regions in Macedonia: Pelagonia region
(PR), Southeastern region (SER) and Vardar
Valley (VV) from 19 municipalities at 150
sampling sites. Soil composite samples
from pedological profiles at fixed depth (0-
30 cm) were taken from fields of each men-
tioned municipality. Samples were collected
from 150 sites in each field with two repli-
cates. Samples were taken from cultivated
soil after tobacco harvesting, and from un-
cultivated soils in the nearest vicinity. Sam-
ple pretreatment was done in accordance
to ISO 11464:2006. First the samples were
air-dried and after that crushed and sieved
through a 2 mm sieve.

The following soil properties were deter-
mined: mechanical composition (Pami¢,
1996), pH (ISO 10390:2005), total nitrogen
(ISO 11261:1995), organic matter (OM) by
the wet oxidation method (Pami¢, 1996),
and calcium carbonate equivalent deter-
mined volumetrically (ISO 10693). Elec-

48

troconductivity was measured in a satura-
tion extract, the content of the extractable
phosphorus and potassium according to the
ammonium lactate method, while the cation
exchange capacity (CEC) was measured by
the method of Sumner and Miller (1996).
For the determination of total content of
cadmium in soil the samples were digested
with mixture of 4 acids (HNO,, HF, HCIO,
and HCI) according to ISO 14869-1.

Plant available fraction of Cd was deter-
mined by the extraction method using buff-
ered solution of diethylentetraaminepenta-
acetic acid (DTPA) at pH 7.3 (ISO 14870).
Extracts were collected after filtration
through Whatman No. 42 filter paper.
Tobacco samples (root, stems, leaves, blos-
soms and seeds) were selected from plants
at the same sites where soils were sampled.
Tobacco leaves from three primings were
collected with the total of 450 representative
samples from 150 sampling locations. To-
bacco samples were washed carefully to re-
move any adhering soil particles and rinsed
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with redistilled water. The plant material
was dried and homogenized to a constant
weight after drying at 75 °C for 12 hours. For
the analysis of the total content of Cd, plant
samples (0.5000 g) were digested in Tef-
lon vessels with HNO, and H,O, using the
microwave digestion system (Mars, CEM,
USA). The plant samples were digested at
180°C. After cooling the digested samples
were quantitatively transferred into 25 mL

calibrated flasks (Baceva et al., 2012).

The investigated element was analyzed by
the application of atomic emission spec-
trometry with inductively coupled plasma
— ICP-AES (Varian, 715-ES). For the cali-
bration a commercial standard mix solution
(11355 - ICP Multi Element Standard 1V,
Merck) was used. The optimal instrumental
conditions are given by Balabanova et al.
(2010).

RESULTS AND DISCUSSION

Descriptive statistics of analyzed soil prop-
erties are given in Table 1. Soil samples
vary from silt loam (18.8 % clay) to silt clay
loams (77.6 % clay). According to soil tex-
ture, average OM content is generally low
to moderate (Table 1). Available phospho-
rus and potassium contents varied different-

ly. Soils had an adequate CEC for agricul-
tural production. All analyzed parameters
pointed out the levels which are typical for
agriculture except few sampled points from
Pelagonia production region that had high
content of available phosphorus.

Table 1. Basic soil properties, descriptive statistics of three tobacco production areas (Jordanoska et al., 2013)

Pelagonia Region South-eastern Region Vardar Valley Region
Soil properties Mean s, Min-Max Mean s, Min-Max Mean s, Min-Max
OM, % 1.5 0.5 0.8-3.2 1.3 0.3 0.7-2.1 1.6 0.3 1-2.1
TN, % 0.08 0.04 0.02-04 0.06 0.02 0.01-0.11 0.07 0.02 0.05-0.1
pH 6.5 0.6 5-8.3 6.7 0.5 5.5-8 7.7 0.8 6.5-8.6
Clay, % 37.7  11.1  18.8-78 364 119 194-64 459 72 32-56
Available P, mg/100 g 19.7 322  0.5-198 125 235 1.5-154 245 253 1.8-64
Available K, mg/100g 204 74 3.2-64 21.8 4.6 13-32 31.7 143 22-63
CEC, cmol /kg 106 2.6 6-19 9.7 2.3 6.5-16 11.8 1.9 8.2-15
EC, uS/cm 83 56 23-360 79 55 27-264 215 109  42-362

OM - organic matter, TN — total nitrogen, CEC - cation exchange capacity, EC — Electroconductivity,
s - standard deviation, Min - minimum, Max - maximum

The total Cd content in soil samples was
under the detection limits (<1 mg/kg) and
therefore is not presented. Average values
from different tobacco growing areas are
given in Table 2. As it can be seen from
data presented in Table 2, the mobile cad-

mium content varies from 0.02 mg/kg to 0.3
mg/kg. The content of Cd in tobacco leaves
varies from 0.1-1.9 mg/kg, with an average
value of 0.48 mg/kg. The highest content of
Cd have samples from Vardar Valley.
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Table 2. The content of Cd in tobacco leaves and the content of DTPA extractable Cd from different tobac-
co growing areas (given in mg/kg)

LOD Pelagonia Region South-eastern Region Vardar Valley
mg oy g Min-Max s Min-Max X s Min-Max
kg g a a g a
Cd-
0.005 035 0.17 0.09-0.89 025  0.18-1.27 08 05 0.3-1.9
leaves

Mobile Cd  0.005 0.02 0.01 0.01-0.07

0.04 0.05-0.2 02 0.1 0.1-0.3

*LOD - limits of detection, th - geometrical mean, s - standard deviation, Min - minimum, Max - maximum

Average content of Cd in tobacco leaves dis-
tributed by municipalities is given in Figure
1. As it can be seen, the samples from the
municipality of CaSka have the highest av-
erage values. All samples taken from this
municipality have content in the range of
0.8-1.9 mg/kg Cd. This high content of Cd
in the tobacco from this area is due to the

polluted soil from the metallurgical activi-
ties of the former lead and zinc smelter lo-
cated near the city of Veles (Stafilov et al.,
2010). According to Tso (1990) tolerable
content of Cd in tobacco is 3.0 mg/kg. No
sampled tobacco leaves contains more than
2.0 mg/kg.

il pmgkg)
0,09-8.30
LRI ]
0510, TE
0710,
04.51-100

Figure 1. Ranges of content of Cd in tobacco leaves in samples from different studied
municipalities in the Republic of Macedonia

The average content of Cd in different to-
bacco parts are given in Figure 2. The high-
est accumulation was recorded in leaves
from the first harvesting zone (first prim-
ing). The content of Cd in the leaves is al-
most five times higher than the content in
other vegetative organs. Compared to the
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other organs, stem and flower have almost
equal distribution of 0.08 mg/kg. Although
cadmium is a non-essential element for
plants, it can easily be accumulated through
the root system and by foliar feeding. Cad-
mium is easily transported from the roots
to the aerial organs. Its transfer through
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the whole plant may be limited because it
can easily be kept in places where there are

Cd, mg'kg
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active components found in cells (Kaba-
ta-Pendias, 2011).
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Figure 2. The average Cd content in different tobacco parts

Using determined contents in different
parts (root, stem, flower, leaves and seed)
of tobacco plant and total element content
of corresponding soils the Biological Ac-
cumulation Factor (BAF) was calculated.
This factor is defined as the ratio between
total content of the elements in all parts of
studied plant and in corresponding soil. The
BAF for Cd is calculated taking the value
which corresponds to the half of the limit of
detection obtaining BAF of 2.58. Compared
to other trace elements only Cu (BAF=3.2)
has higher factor than Cd. This means that
oriental tobacco accumulates high content
of this observed element.

To assess the bioaccumulation ability of
certain elements in the parts of the tobacco
plant, despite biological accumulation fac-
tor, another parameter - Biological Transfer
Factor (BTF) is also used. This factor rep-
resents the ratio of the content of the ele-
ment in the aerial tissues of the plant and
the root. This factor indicates the efficiency
of transfer of the elements to the antenna
parts of the plant. According to the values
of this factor we found that Cd has the big-
gest BTF compared to all analyzed micro
and macro elements. This means that the
biggest transfer in the aerial organs of ori-

ental tobacco has Cd. Also, this means that
the oriental tobacco has a high tendency
for accumulation of Cd in the antenna parts
(BTF = 20.2), similar to that of Li (BTF =
20.0).

The correlation dependencies among the
important parameters of soil and total quan-
tities of Cd in tobacco leaves as well in the
DTPA extract were processed using cor-
relation analysis (Pearson correlation, two-
tailed). The obtained results are given in
Table 3 and 4. According to the data of the
regression and correlation analysis, signifi-
cant correlation was observed only among
soil clay and Cd content in the leaves from
the third priming (Table 3). Soil pH and Cd
content of all vegetative organs of oriental
tobacco have no significant correlations.
This is not in accordance to literature data
that study mainly the relation of pH and
element content of the leaves (Gondola &
Kadar, 1993; Adamu, 1989). There are no
significant correlations between the organ-
ic matter and Cd in all parts of the tobacco
plant, as well as its available fraction. Sig-
nificant correlations were determined with
some moving elements from the soil and Cd
in leaves from the first and second harvest
belt and are given in Table 3.
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Flower and root, and leaves from second
and third priming have significant correla-
tion at level 0.01 of significance (Table 4).
Cadmium content in flower has linear de-

pendence with the amount of Cd in the root.
From the determined coefficients we can
conclude that around 80% of the Cd in the
flower depends of its content in the root.

Table 3. Significant correlation coefficients of Cd content in tobacco leaves and soil properties

Parameter Leaves Root Stem Flower Seed
I priming II priming III priming

Cd-DTPA 0.309 0.265 0.462 0.088 -0.050 0.084 0.051

Clay 0.311 0.081 0.190 1.000 0.000 0.081 0.274

P,O, -0.317 -0.108 -0.118 0.035 -0.158 0.037 0.097

K,0 0.267 0.015 0.054 -0.211 0.125 -0.207 -0.103

Bold numbers present significant correlation at 0.01 levels

Some weak correlations are also
found between the total content of Al, Na,
Ni and Sr in the soil and the content of Cd
in the second harvest belt. Negative signifi-

cant correlation coefficients are determined
and between Cd content in the leaves of the
first priming and total content of Ba, Ca, Na
and Sr of the soil samples.

Table 4. Significant correlation coefficients of Cd content in tobacco parts and micro and macro elements
in the soil samples

Parameter Leaves Root Stem Flower Seed
I priming II priming III priming
Cd II priming 0,469 0,561 1,000 0,190 -0,022 0,185 -0,042
Cd stem -0,162 0,081 0,190 1,000 0,000 0,991 0,034
Al -0,419 -0,184 -0,275 -0,009 0,035 -0,012 -0,026
Ba -0,287 -0,055 -0,129 -0,063 -0,046 -0,060 0,112
Ca -0,282 0,002 -0,222 0,110 -0,112 0,117 0,040
Na -0,349 -0,271 -0,274 0,085 0,137 0,080 -0,073
Ni 0,148 0,314 0,258 0,019 -0,153 0,027 0,200
P -0,317 -0,108 -0,118 0,035 -0,158 0,037 0,097
Sr -0,326 -0,172 -0,232 0,118 -0,003 0,127 0,067

Bold numbers present significant correlation at 0.01 levels

CONCLUSIONS

According to the determined soil properties,
all analyzed soil samples are in good condi-
tion for the production of the high-quality
oriental tobacco. Cadmium content of soil
samples war under the detection limits (<1
mg/kg), so all analyzed samples pointed out
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levels which are typical of agricultural and
low anthropogenic pressure areas. All plant
samples had Cd content under limits con-
sidered critical. According to distribution of
this element in tobacco vegetative organs,
the highest accumulation was recorded in
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leaves from the first harvesting zone (first
priming). According to the value for BAF it
can be concluded that oriental tobacco plant
accumulates high content of P, K, Cu and
Cd. From all analyzed samples and calcu-
lated BTF it can be concluded that oriental
tobacco has a high tendency for transfer
and accumulation of Cd in antenna parts.
According to data of the regression and cor-

relation analysis, significant correlation was
observed only among the content of soil
clay and the content of Cd in the leaves from
the third priming. Regression dependencies
of some significance are observed between
the mobile cadmium in the soil and most of
the soil parameters except with the available
forms of phosphorus and potassium.

REFERENCES

1. Adamu, C. A., Mulchi C. L., Bell. P. F., 1989. Relationships between soil pH, clay, organic matter
and CEC (cation exchange capacity) and heavy metal concentration in soils and tobacco. Tob. Sci.

33, 96-100.

2. Alkorta, I., Hernandez-Alica J., Becerril J.M., Amezaga I., Albizu I., Garbisu C., 2004. Recent find-
ings on the phytoremediation of soils contaminated with environmentally toxic heavy metals and
metalloids such as zinc, cadmium, lead and arsenic. Rev. Environ. Sci. Bio/Tech. 3, 71-90.

3. Alloway, B. J., Ayres D. C., 1994. Chemical principals of environmental pollution. 1* ed., CRC,

Boca Raton.

4. Baceva, K., Stafilov, T., gajn, R., Tanaselia, C., 2012. Moss biomonitoring of air pollution with
heavy metals in the vicinity of a ferronickel smelter plant, J. Environ. Sci. Health Part A 47(4), 645-

656.

5. Balabanova, B., Stafilov T., Bateva K., Sajn R., 2010. Biomonitoring of atmospheric pollution with
heavy metals in the copper mine vicinity located near Radovis, Republic of Macedonia. J. Environ.

Sci. Health Part A 45, 1504-1518.

=

Dami¢, R., 1996. Agrochemistry practicum. Zemun, Beograd: Faculty of Agriculture Press.
Golia, E. E., A. Dimirkou and I. K Mitsios., 2009. Heavy-metal concentration in tobacco leaves in

relation to their available soil fractions. Comm. Soil Sci. Plant. 40(1-6), 106—120.

8. Gondola, I., Kadar, L., 1994. Heavy metal content of flue-cured tobacco leaf in different growing
regions of Hungary. Acta Agronom. Hung. 43, 243-251.

9. Jordanoska, B., Pelivanoska, V., Stafilov, T. 2013. Lead uptake by different organs of oriental tobac-
co grown in the Republic of Macedonia. Tobacco 63(7-12), 8-14.

10. Kabata-Pendias, A., 2011. Trace elements in soils and plants. Taylor & Francis Group: LLC.

11. Stafilov, T., gajn, R., Pancevski, Z., Boev, B., Frontasyeva, M.V., Strelkova, L.P., 2010. Heavy
metal contamination of surface soils around a lead and zinc smelter in the Republic of Macedonia.

J. Hazard. Mater. 175, 896-914.

12. Symeonides, C., McRae S. G., 1977. The assessment of plant available cadmium in soils. J. Envi-

ron. Qual., 6, 120-123.

13. Sumner, M. E., Miller W.P., 1996. Cation exchange capacity and exchange coefficients. In Meth-
ods of soil analysis, Part 3: Chemical methods; ed. D. L. Sparks. Book series No. 5: Soil Science

Society of America.

14. Tso, T. C., 1990. Production, nutrition-Minor elements and heavy metals. In Physiology and Bio-
chemistry of tobacco plants. USA, Maryland: Ideals.

53



